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ABSTRACT
Recent years have seen tremendous changes in the banking industry, with machine learning and data analytics becoming more and more crucial to improving financial services. The potential of these technologies in the field of budget management is examined in this dissertation. A thorough theoretical framework is developed, based on research findings and current literature, to guide the creation of an application for budget management that smoothly interfaces with the banking industry. In order to provide users a complete picture of their money, the application's key features include innovative dashboards, a financial manager, and an expense tracker. There are suggestions made for more study and development, with an emphasis on working with financial institutions, putting machine learning algorithms into practice, and ranking of the user experience. 
The dissertation's conclusion makes the claim that the financial sector's capabilities could be greatly increased by incorporating data analytics and machine learning into budget management software, which would improve individual financial well-being and allow for more informed financial decision-making.
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1. [bookmark: _Toc159543696]INTRODUCTION

The complexity of today's finance systems has increased dramatically, making traditional budget management methodologies incapable of addressing the critical finance problems. Managerial budget automation has the potential to significantly reduce the need for human labour and open up new avenues for understanding an individual’s workload. Budget management revolves around three key components: spending analysis, cash flow monitoring, and purchase classification. A well budget management system can assure the continuation of revenue tracking, compare outgoing expenses, and can also assess related deadlines for the credits and debits Important choices pertaining to financial goals can therefore be made in a progressive manner [1].
To get a better understanding of topics such as the structure of the budget or the degree to which revenue and spending budgets are followed, one might employ budget indicators, or ratios. Cost analysis, purchase classification, and cash flow monitoring are all parts of budget management. Managing a budget involves all of these procedures. It is possible to monitor one's income and compare it to their spending costs over time by closely examining and evaluating the budget. Perhaps a budget analysis can help you make important decisions about future financial objectives.
Let’s dig deeper into the new era, nearly every aspect of our everyday life is digitally captured as data in this era of "data science and advanced analytics". A multitude of different types of data, including commercial, financial, healthcare, multimedia, internet of things (IoT), + environment.
This dissertation will introduce the use of data analytics in the financial world. It will showcase the implication of data analytics and automation in the budget management system. This study's main contribution is to get a grasp of data science modelling, as well as to describe various analytical techniques for a solution perspective and how they may be applied in the previously specified real-world data-driven application fields.
While there is a lot of research being done in the field of "data science," our primary focus is on using advanced analytics to extract meaningful insights that can be applied to a variety of real-world application areas. In order to do this, a variety of advanced analytics techniques, 
including deep learning analysis, machine learning modelling, sentiment analysis, natural language processing, and neural networks, can offer deeper insights into the data, which can then be utilised to create intelligent features that are driven by the data. Enhancing the precision and depth of financial information and enabling predictive capabilities for more efficient resource allocation are the two goals of incorporating data analytics into budget applications. Through the utilisation of sophisticated analytical methods like machine learning, predictive modelling, and data visualisation, budgeting procedures can surpass their conventional limitations and enable instantaneous monitoring, anomaly identification, and scenario analysis. These kinds of skills have a great deal of promise for maximising the use of available resources, reducing financial risks, and encouraging thrift in a variety of settings.
An enormous amount of data is produced by the financial industry. In the world of finance, "big data" refers to petabytes of organised and unorganised data that banks and other financial organisations use to forecast customer behaviour and create plans. Important insights for decision-making are made possible by the structured data that is kept up to date within an organisation. Higher quantities are produced by unstructured data since it offers a wide range of significant analytical alternatives.
         [image: ]
[bookmark: _Toc159545956]Figure 1: Use of data analytics in banking systems
                                   
Data analytics is used by banking apps in a variety of ways to improve client experiences, expedite processes, reduce risks, and spur company expansion. Here are some particular instances of data analytics features in the banking application helps in the finance industry.
· Personalized Recommendation 
· Identifying and preventing fraud
· Evaluation of Credits and Authorizing Loans
· Financial Planning and Budgeting
· Financial Insights using Predictive Analytics

1.1. [bookmark: _Toc159543697]BACKGROUND

The budget-based performance evaluation is referred to as the budgeting function of evaluation. Evaluation of performance could be categorised into staff evaluation and business unit evaluation since it pertains to both persons and organisational units. This kind of differentiation may be very helpful in really unstable situations when businesses may not want to utilise budgets for staff evaluations but yet need to know how the business unit has been doing in relation to one.  The creation of plans is referred to as the planning function of budgeting. Coordination of resources across organisational divisions, creation of action plans, estimation of projected costs for pricing factors, and promotion of innovative behaviour are all included [2].

Budget analysis made significant advancements in the middle of the 20th century with the introduction of new technology and financial management strategies. For example, the introduction of computers and other data-processing technologies in the 1950s and 1960s made it possible to analyse enormous amounts of financial data more effectively and accurately. The importance of budget analysis has grown in recent years due to the rising demand on organisations to manage their budgets properly and efficiently. These days, budget analysis is used in many different industries, such as banking, healthcare, government, and manufacturing. Financial planning choices, resource allocation, cost-saving discovery, budgeting, and revenue and spending forecasts are all aided by it.

Budget analysis using data analytics has increased since the early 2000s with the introduction of business intelligence (BI) technologies. These technologies allowed firms to analyse financial data in real time and generate reports and visualisations that facilitated the identification of patterns and trends. Data analytics is becoming a necessary component of budget analysis [3]. People are creating and collecting vast amounts of financial data as big data usage rises, which can be difficult to analyse without the use of data analytics tools. By using data analytics, financial data can be analysed more accurately and efficiently, cost-saving possibilities may be found, and financial planning and resource allocation can be improved. Recently, there has been even greater emphasis on the use of data analytics in budget analysis since organisations are under increased pressure to manage their budgets with greater efficacy and effectiveness [4].

Having a look into the finance sector, given the significant data that banking institutions have been holding for many years, the big data revolution that is occurring in and around the 21st century has found resonance with them. Now that the mysteries surrounding money transfers have been revealed, this data has assisted in preventing significant tragedies and thefts as well as understanding consumer behaviour. Big data is most beneficial to banks because it allows them to quickly and easily extract valuable information from their data and transform it into advantages that are beneficial to both them and their clients. Around the world, banks are starting to use data to their advantage in a variety of areas related to how they operate. These include regulatory compliance, financial crime prevention, product cross-selling, sentiment analysis, and much more. While there is still much room for improvement, Indian banks are starting to catch up to their foreign counterparts [5]. 

The term "green banking" originates from a study question on sustainability in the banking industry. Banks were once solely referred to as financial institutions since they handled all financial matters. For a very long period, moral considerations were ignored. The public's perception has allowed banks a great deal of latitude in adhering to moral principles.
According to Singh and Singh (2012), green banking encompasses ethical financing, conservation, energy efficiency, sustainability, and conservation. Numerous areas of intervention and specific actions are covered in the literature. These include, for instance, the digitization of corporate operations and the use of online banking to save paper. According to Gupta (2015), green banking may enhance both consumer happiness and bank performance. Customer loyalty follows from customer satisfaction. Focusing on customer happiness is essential to being able to respond to the question of sustained client loyalty [6]. 

1.2. [bookmark: _Toc159543698]PROBLEM STATEMENT

Making and adhering to a budget is a crucial component of financial planning, which may be challenging for many people to handle on their own. It can be difficult and time-consuming to create and stick to a budget, especially for people with several sources of income or spending. When making a budget, the following problems typically come up:
Lack of expertise and understanding in finance: Many individuals and small businesses lack the necessary skills and knowledge in finance to create budgets that are correct. It can be challenging to anticipate costs accurately, particularly for those with irregular or inconsistent incomes or spending patterns.
Inability to prioritise spending: It might be difficult to discern which expenses are necessary and which ones can be cut, which leads to a lack of attention to the budget.
Erroneous expenditure documentation makes creating a comprehensive and workable budget challenging.
Budget failure: To respond to changes in revenue, spending, and financial goals, a budget must be sufficiently flexible and adaptive. Failure to make modifications may result in an incorrect and ineffective budget.
This research piece will concentrate on the study of budget analysis utilising data analytic approaches to enhance the budgeting industry in order to meet the aforementioned difficulties. The results of this study may help bank applications better understand budget management for their intended user base and ease the lives of those who struggle with money monitoring and management.



1.3. [bookmark: _Toc159543699]AIM OF THE THESIS 

This dissertation aims to investigate how data analysis techniques may be integrated into banking apps' budget management capabilities. In particular, the dissertation will look at how data analytics might improve the efficacy and efficiency of banking apps' budget management capabilities, enabling users to eventually make better financial decisions and reach their financial objectives.

1.4.   KEY OBJECTIVES 

1. Analysing Current Budget Management Features: The first section of the dissertation will look at the budget management tools that are currently offered in banking software. This includes a review of the goal-setting, budget monitoring, spending classification, and visualisation tools that are currently available to users.
2. Investigating Data Analytical Methods: This dissertation will examine a range of data analytical methods that may be used to improve characteristics related to budget management. This could use anomaly detection to spot odd transactions, clustering algorithms to separate spending trends, and predictive analytics to estimate revenue and costs.
3. Integration of Data Analytics into Budget Management Tools: The dissertation will provide methods for incorporating data analytical approaches into budget management features inside banking apps, drawing on insights from user research and data analytics investigation. This might entail creating fresh algorithms, improving current features, or incorporating analytics tools from outside sources.
4. Ethical and Privacy Considerations: These are extremely important since financial data is sensitive. In order to guarantee that users' privacy rights are upheld and safeguarded during the budget management process, the dissertation will explore ethical issues pertaining to data collection, storage, and utilisation.
5. Outcome and Future Directions: Last but not least, the dissertation will offer suggestions to banks and other financial organisations on the best ways to use data analytics to improve the aspects of budget management. It will also point up directions for further study and advancement in the domain of data-driven budget management in banking applications.
By fulfilling these goals, the dissertation hopes to improve the budget management resources provided by banking apps, giving consumers the capacity to take charge of their money and eventually attain more stability and well-being.
2. [bookmark: _Toc159543700]LITERATURE REVIEW 

Modern economic realities are being altered by digitalization at a rate never seen before [8]. Businesses are being forced to alter their corporate procedures, organisational structures, and business models due to a wide range of digital trends and technologies [9]. Companies must adjust to these dynamic conditions and change in line with them since the half-lives of some technologies and digital prospects are getting shorter [10]. In this process, the utilisation of analytics, artificial intelligence, and data is crucial. According to McAfee and Brynjolfsson (2012), "exploiting vast new flows of information can radically improve company’s performance". Businesses across all sectors and sizes are striving to adopt a range of data-driven strategies. Enterprises across diverse sectors and sizes are striving to adopt a data-driven approach and leverage an array of digital resources. But although some businesses have succeeded in this transition better than others, others have not [11].

Before 2017, no formal approach was utilised by any of the firms in the area of financial data appraisal, despite the fact that many have resolutely started to use different types of big data and data analytics. The term "data science" became common among data analysts and company owners in general as a result of this shift [1]. The usage of state-of-the-art data-based solutions that can handle financial data has become more effective due to the importance of data analytics in the finance sector. Previous types of data uncertainty were therefore defined. As per Hamdy's statement, the initial step towards implementing a financial plan is to ascertain the actual financial status of an individual or an entity's earnings. This means that instead of depending just on intuition, queries must be able to provide operational and financial facts. The budget analysis employed here is a business financial plan that makes use of certain data analytical techniques.[1] 

In the modern financial era, data analytics has greatly enhanced the budget management system by giving banks and other financial organisations strong instruments and insights to assist people and companies in managing their money more skilfully.

Every day, 2.5 quintillion bytes of data are produced on Earth! We produce so much data that most businesses, including the banking and financial sector, are now trying to figure out how to use it to their advantage. But how are they going to make it happen? Big data is obviously involved. Here are just a few of its numerous advantages in the banking industry to assist you better understand it [13].

Big data analytics has opened up a lot of development opportunities for the banking sector recently. Big data analytics helps banks make more informed decisions by helping them better understand the needs of their clients. As a result, they can respond to market demands more swiftly and efficiently. As more individuals utilise financial services, there will almost definitely be a decrease in the quality of service. Nonetheless, as banks are responsible for safeguarding their customers' funds and personal information, they must proceed with caution. Improper application of big data analytics might impede your company's growth. Therefore, if the bank does not correctly incorporate Big Data Analytics, it is quite unlikely that it will be able to grow [13].
The banking application's budget management system now offers consumers more personalised services thanks to the implementation of data analysis tools.
Tailored services: There's no denying that today's customers are picky and precise. Banks are now leveraging big data to better understand their clients, their demands, and other aspects in an effort to win them over and maintain their loyalty. In order to increase sales and profits, the corporation uses this data to tailor its offerings and services.
Tailored Financial Counselling and guidance: Banks are able to provide their clients with tailored financial counselling and guidance thanks to customised services. Banks are able to offer customised investment strategies, financial planning services, and suggestions by having a thorough understanding of their clients' risk profiles, financial objectives, and preferences. It helps customers reach their financial goals and make educated decisions.
Banks are able to give meaningful financial planning and advise to consumers by using purchase patterns, which provide insights into their financial requirements and behaviours. Banks are able to provide tailored advice on investing, saving, and budgeting by gaining insight into their clients' spending habits. By doing this, the bank establishes a stronger rapport with its clients and promotes itself as a reliable source of financial advice.
Banks require strong data analytics skills and systems that can handle massive amounts of transactional data in order to properly analyse purchasing trends. When processing consumer transaction data, it is imperative to maintain compliance with data privacy and security standards.
One of the most significant elements that might compromise budget analysis is budget variance. 
The discrepancy between actual spending and projected spending is referred to as a "budget variance" [2]. When it comes to budget disparities in particular, variance analysis may be helpful in finding some new opportunities to create value through process optimisation, more strategic spending, etc. With the budget variance analysis, all expenses can be monitored to identify areas where actual results deviate from the budget, and those discrepancies may be examined to provide valuable insights. Consequently, individuals might be able to implement process modifications and improve financial planning in order to follow their budgets more strictly going forward and take advantage of chances to provide value [1].
Researchers in the field have evaluated a number of publications based on data science and its importance. For instance, the authors in [14] describe how data science is developing, how important it is in the larger knowledge ecosystem, and some of the difficulties that set data science and informatics apart from traditional information sciences techniques. 50 years of data science are presented by Donoho et al. [15], along with current analysis on data science in the media and whether or not it differs from statistics.
Additionally, the writers present a data science analysis in [16], which attempts to give a practical summary of how statistical characteristics and associated data science techniques are used in bioimage informatics. The authors in reference [17] examine the main areas in which central banks employ data science algorithms and demonstrate the gradual increase in their acceptance. This study adds to the body of knowledge on data science's application in central banking. The authors of [18] give a summary and instruction on data-driven design for intelligent wireless networks. A comprehensive explanation of computational optimum transport with data science applications is given by the authors in [19]. The authors of [20] describe data science as theoretical advances made possible by text analytics in information systems.
2.1. [bookmark: _Toc159543701]How data science modelling works?

 As previously mentioned, “data science" is generally used as an umbrella term to include advanced data analytics, data mining, machine, and deep learning modelling, as well as several other related disciplines like statistics, in order to extract insights or useful knowledge from the datasets and turn them into practical business strategies. We touch on a few ways that data science may be applied to real-world business processes in this section. An illustration of data science modelling is provided in Figure 2, which progresses from real-world data to automation and products powered by data. We go over each data science process module in brief in the sections that follow [42]. 
[image: ]
[bookmark: _Toc159545957]Figure 2: An illustration of data science modelling using real-world data to create data-driven systems and decision-making [42]

Understanding business difficulties entails having a thorough grasp of the issue at hand, its effects on the pertinent organisation or people, the end objectives for resolving it, and the pertinent project plan. Thus, while collaborating with end users and other stakeholders, data scientists develop pertinent queries to comprehend and identify the business challenges. Depending on the nature of the issues, questions such how much/many, which category/group, is the behaviour unrealistic or abnormal, which alternative should be selected, what action should be taken, etc., may be pertinent. This makes it easier to understand what the demands of the business are and what should be taken from the data. "Business intelligence" is the term used to describe this type of business knowledge that helps organisations improve their decision-making process [21]. Another significant duty related to this stage is determining what sorts of actions should be made based on the trends the data displays and which pertinent data sources can assist in providing answers to the questions that have been asked. After the data scientist has elucidated the business problem, they may proceed to create the analytical strategy that will address the issue.
Comprehending data: It is often known that the availability of data is a major driving force behind data science [22]. Thus, developing a data-driven model or system requires a solid grasp of the data. The rationale is because real-world data sets frequently contain noise, missing values, discrepancies, or other data problems that require proper handling [23]. Finding and cleaning up the right data or high-quality data is essential to every data science project in order to provide insights that are useful. For this, the initial step in comprehending data might be data evaluation, which assesses the existing data and how it fits with the business challenge. To fully understand the data for a specific business problem, it is necessary to consider a number of factors, including data type and format, data quantity and whether it is sufficient to extract useful knowledge, data relevance, authorised access to the data, feature or attribute importance, combining multiple data sources, important metrics to report the data, etc. In general, the data understanding module entails determining the most appropriate data to obtain and what data would be most needed.
Preparing and examining data: In data science, exploratory data analysis is a technique for examining datasets to highlight their salient features, frequently through the use of visual aids [24]. In order to provide insightful summaries of the data, this looks at a large collection of data to find early patterns, characteristics, places of interest, etc. in an unstructured way. Hence, the main purpose of data exploration is to distil the essence of the data and formulate an initial evaluation of its nature, amount, and attributes. Whether or not to employ a statistical model, its main purpose is to provide tools for generating hypotheses by typically visualising and understanding the data through graphical representation, such a chart, plot, histogram, etc. [25, 26]. Data summarization and visualisation are required to oversee the data's quality and supply the processing information prior to the data being prepared for modelling. Data pre-processing, or the act of cleaning and modifying raw data [27] before processing and analysis, is crucial to ensuring the quality of the data. It also entails data reformatting, data corrections, and data set mergers for data enrichment. Therefore, a number of factors, including anticipated data, data cleaning, formatting or transformation, handling missing values, handling imbalance and bias issues, data distribution, finding and addressing outliers or anomalies in the data, assuring data quality, etc., may be crucial factors to take into account in this step.
Modelling and evaluating machine learning: After the data is ready for modelling, data scientists do create a model, algorithms, or collection of models to solve a particular complex business problem. The process of constructing a model depends on the kind of analytics—predictive analytics, for example—that is required to address the specific issue at hand. This topic is briefly covered in "Advanced analytics methods and smart computing." Different forms of data-driven or machine learning models, which have been summarised in our previous study Sarker et al. [28], may be created to meet the objective of best fitting the data according to the type of analytics. Data scientists generally divide the provided dataset into training and test subsets using the most widely used k-folds data splitting technique, or in an 80:20 ratio [29]. In order to maximise the model's performance, this is done to see how well the model performs on the data. The model performance is measured using a variety of metrics for model validation and assessment, including error rate, accuracy, true positive, false positive, true negative, false negative, precision, recall, f-score, ROC (receiver operating characteristic curve) analysis, applicability analysis, etc. [29][ 30]. This information can help data scientists make decisions about which learning method or model to use. Additionally, machine learning specialists or data scientists can consider various advanced analytics like ensemble methods, feature engineering, feature extraction or selection techniques, algorithm tuning, altering current algorithms, or creating new algorithms, among others, to enhance the final data-driven model and enable astute decision-making to address a specific business issue.
Automation and data products: The result of every data science endeavour is usually a data product. In general, a data product is a data deliverable, also known as data-enabled or guide. These might include discoveries, predictions, services, suggestions, insights into decision-making, ideas, models, paradigms, tools, applications, systems that process data and produce outcomes, and insights into thinking processes. Businesses may utilise the outcomes of this type of data analysis to forecast customer churn, or the number of consumers that discontinue using a product, and segment their client base. They can then utilise this knowledge to automate processes and make more informed business choices. Therefore, a variety of machine learning pipelines and data products may be constructed to help make better judgements in a variety of business challenges. To illustrate this, we include a number of possible real-world data science application domains in "Real-world application domains," where different data products may significantly contribute to the automation and intelligence of pertinent business problems.
All things considered, data science modelling may be used to promote modifications and enhancements in company procedures. A better comprehension of the business challenge to be solved is shown by the intriguing aspect of the data science approach. In the absence of it, it would be far more difficult to collect the appropriate data and identify the information that can be used to guide judgements about how to fix the issue. The function of "Data Scientists" usually involves managing and interpreting data to find the answers to important questions that assist organisations in solving complicated challenges and coming to unbiased judgements.
2.2. [bookmark: _Toc159543702] ANALYSIS USED FOR BUDGET MANAGEMENT

System management frequently uses logs because they frequently include the sole information available that describes in-depth system runtime behaviours or activities in production [31]. As a result, log analysis is the process of examining, deciphering, and comprehending computer-generated records or messages, or logs. A variety of logs, including audit trails, audit records, system, network, device, and event logs, can be used for this. Data logging is the procedure used to create these kinds of records.
By offering insights into user behaviour, system performance, security events, compliance needs, and predictive suggestions, log analysis is a potent tool that may improve budget management systems. Banks and other financial organisations may improve user experience, guarantee the security and integrity of financial data, and optimise budget management systems by skilfully utilising log analysis tools.
2.3. [bookmark: _Hlk159344041][bookmark: _Toc159543703]CONTRIBUTION OF BIG DATA ANALYSIS IN THE FINANCE SECTOR

The success of digital banking will be greatly influenced by how data is handled as it may provide a competitive edge and identify winners in the future. More significantly, a bank's data and analytical skills will be essential to fending off a number of difficulties, including lack of integration and data silos, which both restrict visibility into conventional banking structures and models. Advanced data and analytics technology will provide various answers for banks attempting to tackle their four main difficulties, which are related to consumers, competition, fraud, and compliance. The phrase "bigger" data, or big data (BD). When we talk about "bigger," we mean datasets that are so massive and intricate that they can't be processed using standard tools and methods [32]. Financial services companies may benefit from big data by using it to improve operations, understand consumer behaviour, and identify new growth prospects. Enterprises may optimise the potential advantages of Big Data by comprehending its use cases in the financial services industry.
BFSI (Banking, financial services and insurance) is a data-driven sector that generates enormous amounts of data from a variety of sources, including account opening, internet banking, cash transactions, ATM transactions, and online shopping. The BFSI business is seeing a surge in demand for big data analytics due to the necessity of providing personalised and customer-focused services and products. Professionals in the BFSI sector have benefited from the use of big data analytics by being able to concentrate on client acquisition and retention, improve user experience, and develop omni-channel platforms. This sector is particularly vulnerable to fraud instances and is heavily regulated, requiring several compliances. Every sector is growing because of technology. In a similar vein, the use of big data analytics technologies has significantly decreased the likelihood of fraud and associated situations.
Income tax offices are finding that it is helpful in identifying instances of false IT claims. Insurance businesses and the banking sector are two more industries that are profiting from big data analytics. Insurance firms are making significant investments in Big Data Analytics in order to evaluate and underwrite risks and deal with fraudulent claims. Banks are now able to provide customer-centric services, minimise client churn, and effectively accomplish their corporate objectives.
Big Data analytics has helped banks better understand their customers' needs and determine how to meet them. McKinsey states that big data analytics holds the key to automating 30% of the bank's labour with this technology [33]. 
Big data analytics (BDA) plays a crucial role in the banking industry by helping to build and visualise a variety of indicators for the inefficiency of several internal and external operations [34]. One use for these indications is the identification of fraudulent activity. According to Bhuvana et al. (2016) [34], the integration of big data in banks has the potential to facilitate the 
identification of fraudulent activities inside financial transactions and avert unfavourable outcomes. Big data also enables banks to provide a range of customised solutions to their customers that improve their performance rate (Bhuvana et al., 2016). Moreover, the study conducted by Al-Dmour et al. (2021) [35] found that the performance of banks will be positively impacted by the adoption of BDA. In summary, a previous study group classified the uses of big data in the banking sector into three categories: risk management and investment banking, fraud detection and prevention, and customer relationship management (CRM) [36].
Banks own and preserve vast quantities of transactional, behavioural, and demographic data about their clients. Big analytics has therefore shown to be valuable and useful, particularly when it comes to risk management and marketing enhancement in commercial banks [37]. Nonetheless, the banking industry as a whole primarily depends on the corporate banking sector for revenue, which is why using analytics in corporate banks' marketing has not become very common [38]. However, in contrast to personal banking, corporate banking entails larger transaction amounts per client, for example, when comparing personal vs corporate loans. This means that research activities are mostly concentrated on risk management inside the organisation.
Some banks have been able to adapt data analytics to meet the demands of the financial markets and stay competitive thanks to technological advancements [39]. Banks that use data analytics benefit from having access to past client data when needed. Gaining a competitive edge over rival businesses requires knowledge of the business's gathered or collectible data resources, resource-based theory, and appropriate utilisation. It appears that banks using big data analytics are outperforming their competitors in the banking industry by 4% [36].


3. [bookmark: _Toc159543704]METHODOLOGY IMPLEMENTED IN THIS RESEARCH

The approach of this research study combines both qualitative and quantitative research because quantitative research is very beneficial in enabling statistical analysis. Large sample sizes and standardised data collection procedures are frequent in quantitative research. In addition to identifying patterns and trends that aren't always evident, quantitative research may be used to evaluate the effectiveness of therapies or treatments, which further highlights how important budget analysis is in the modern day. 

 In order to understand the background and development of budget management through technology and to effectively investigate the reality of budget analysis using data analytics techniques as mentioned in the literature review, this research covers the extraction of crucial information from numerous journals, books, and articles from reliable sources such as IEEE, Google Scholar, and Springer Link.
 To give a full examination of the topic matter, a comprehensive and multifaceted technique is used in this dissertation. This methodology ensures a thorough and impartial analysis by combining qualitative and quantitative methodologies. While quantitative approaches are used to measure and analyse objective data, qualitative methods are used to acquire insights into the subjective experiences, views, and viewpoints of the participants. A comprehensive grasp of the topic under investigation is made possible by this mix of approaches, which captures both its subtleties and more general tendencies. Additionally, triangulation is made possible by the employment of mixed methodologies, which improves the validity and dependability of the results. With a combination of qualitative and quantitative methodologies, this research seeks to offer a thorough and sophisticated analysis that adds to the corpus of current knowledge on the subject matter. 
This gives us a better knowledge of the variables influencing budget decisions and the effects of budget management techniques on people's financial security. Incorporating both objective data and subjective experiences, the combination of quantitative and qualitative methodologies enables a comprehensive and nuanced examination of budget management.
Additionally, the analysis is improved by the application of data analytics methods like predictive modelling and optimisation algorithms, which offer forecast insights and suggestions for managing the budget. By offering a thorough, data-driven analysis that takes into account both objective and subjective viewpoints, this methodology approach seeks to add to the body of information already available on budget management.
3.1. [bookmark: _Toc159543705]GAP ANALYSIS 

This is a study of the differences between the current and previous uses of data analytics in budget management applications:

1. Gathering of Data:
Earlier: Spreadsheets and simple databases were frequently used for human or semi-automated data collecting.
Presently: With the integration of several data sources including ERP systems, cloud-based platforms, IoT devices, and external data streams, data collecting is mostly automated.

2. Information Processing:
In the past, data processing was simple and restricted to simple summaries and computations.
Presently: Predictive modelling, anomaly identification, and trend analysis are made possible with the use of sophisticated algorithms and machine learning approaches in data processing.

3. Visualisation of data:
In the past, data visualisation was simple and frequently consisted just of static graphs and charts.
Presently: Real-time dashboards, editable reports, and geographic analysis are provided via interactive and dynamic data visualisation technologies, which provide deeper insights.
4. Capabilities for Analytics:

Previously: The only analytics capabilities available were descriptive analytics, which concentrated on historical events.
Presently: Organisations are able to develop data-driven projections and optimise future budget allocations in addition to comprehending previous data thanks to the application of advanced analytics approaches like prescriptive and predictive analytics.


5. Integration of Data:

In the past, isolated data sources and incompatible platforms made data integration difficult.
The development of unified platforms and data warehouses, which combine data from several sources for thorough analysis, has led to a greater emphasis on data integration.

6. Monitoring in real time:

In the past, budget data monitoring was usually carried out on a monthly or quarterly basis.
Presently: Organisations can continually monitor budget performance thanks to real-time monitoring capabilities, which allows for prompt intervention and modification as necessary.

In conclusion, automated, predictive, and prescriptive analytics-driven approaches have replaced manual and descriptive approaches in budget management applications, allowing organisations and individuals to make better decisions, allocate resources more efficiently, and adapt quickly to changing business conditions.

3.2. [bookmark: _Toc159543706]DATA ANALYTICS AND DASHBOARDS FOR BUDGET MANAGEMENT 

Incorporating budget management dashboards and data analytics into a customer-facing bank application may offer useful resources for monitoring spending, handling money, and reaching financial objectives. Here's how dashboards and data analytics may be used in one of these applications:
1. Monitoring Expenses: Allow users to automatically track and categorise their spending by connecting to their credit cards, bank accounts, and other financial institutions.Make use of data analytics to provide clients insights into trends, spending habits, and areas where they might be able to save costs.
2. Planning a Budget: Provide clients with the means to create individualised budgets based on their earnings, outgoings, and financial objectives. Give users access to visual dashboards that show real-time budget allocations, actual expenditure, and residual amounts.
3. Notifications & Alarms: When clients are getting close to or above their budget restrictions for particular categories or overall expenditure, set up alerts and notifications to let them know. Make proactive alerts to consumers about possible budget shortages by using predictive analytics to forecast future spending.
4. Creating and Monitoring Goals: Permit consumers to establish monetary objectives, such accumulating an emergency fund, buying a house, or setting aside money for a vacation. Offer clients progress monitoring tools that show their objectives' trajectory and make recommendations for next measures to keep them on course.
5. Evaluation of Transactions: Provide clients with comprehensive features for transaction analysis that let them analyse individual transactions, classify them, and annotate or tag them for improved organisation. Recurring costs, abnormal spending patterns, and areas for cost reduction may all be found by using data analytics.
6. Financial Analysis and Suggestions: Personalised financial advice and insights should be given based on the spending patterns, income levels, and financial objectives of the clients. Make recommendations on how to maximise consumption, cut debt, boost savings, and achieve long-term financial stability.
7. Dashboards that interact: Create user-friendly dashboards that are easy to use and understand so that clients can see their financial information in a variety of formats, including tables, graphs, and charts. Give users the option to alter the dashboard displays according to their priorities and preferences.
8. Private and Security: Assure strong security protocols to safeguard the private and financial information of your consumers. Protect sensitive data by putting multi-factor authentication, encryption, and other security measures into place.
9. Instructional Materials: To assist clients in becoming more financially literate and making wise financial decisions, provide them with tools and educational materials. Offer resources on budgeting, investing, debt management, and saving and investing, including articles, videos, tutorials, and calculators.
Banks may enable their clients to take charge of their money, make wiser spending decisions, and efficiently work towards reaching their financial objectives by integrating data analytics and dashboards into a bank application allowing consumers to manage their costs.
       [image: ]
[bookmark: _Toc159545958]Figure 3: Example of BI dashboards used for budgeting in banking application [45]
[bookmark: _Hlk159545201]          ] 
3.3. [bookmark: _Toc159543707]DEVELOPMENT OF BUDGET MANAGEMENT DASHBOARD

Effective budget management, spending tracking, and financial data visualisation can all be achieved by utilising Tableau to create a budget management dashboard. Here's how I have used Tableau to create a budget management dashboard step-by-step:
1. Preparing Data: Compiled and arranged the financial information, such as the earnings, outlays, goals for the budget, and any other pertinent indicators. Made sure the data is full, well-organized, and in a format that Tableau can use (such as an Excel file, CSV file, or database).
2. Link to the Data Source: Launched Tableau Desktop and chose the relevant option (such as an Excel file or database) to connect to data source. Once the financial data has been imported into Tableau, made sure the Data Source tab accurately displays it.
3. Make Worksheets: Created distinct spreadsheets to illustrate various facets of your budgetary information, like:
· Total earnings and outlays during a period of time
· Dissection of costs by kind (e.g., lodging, transportation, food)
· A comparison between the actual and the planned costs
· Examination of budget variance trends
· Highest-spending individuals or categories
4. Create a Dashboard Layout: Select the Dashboard tab and click the "New Dashboard" button to start a new dashboard.
· Organised the worksheets in a logical order on the dashboard canvas.
· To give context and direct users around the dashboard, used text boxes, titles, and other annotations.
5. Incorporate Interactivity: Added interactive elements to the dashboard so that users may dynamically explore the data. Provide consumers with the ability to delve further into certain time periods, categories, or data segments by utilising filters, parameters, and actions. Included tooltips so that when users hover over data points, more information is displayed.
6. Putting formatting and styling to use: Tailor the look of the dashboard to make it aesthetically pleasing and simple to use. To guarantee uniformity and readability, select the right fonts, colours, and styles. For various screen sizes and devices, optimise the layout by adjusting the sizing, spacing, and alignment.
7. Evaluate and refine: Made sure the dashboard works properly and offers accurate information by giving it a comprehensive test. To find areas for improvement and make necessary design iterations, also have tested with different dataset.
8. Publish and share: When the dashboard was ready for public consumption, published it to Tableau Server or Tableau Online so that users may view it entirely. Ascertain that only those with authorization may view or use the dashboard by configuring permissions and access restrictions. In order to facilitate user accessibility, the dashboard URL may be shared or embedded into other platforms (such as an intranet or website).

These methods helped to create a thorough Tableau budget management dashboard that gives insightful information about the finances and empowers one to make wise spending and budgeting decisions.
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[bookmark: _Toc159545959]Figure 4: Practical development of dashboard for budget management on TABLEAU

3.4. [bookmark: _Toc159543708]TYPES OF METHODS FOR BUDGETING

Several approaches are used in forecasting, including top-down, bottom-up, crowd-sourced, and zero-based approaches. Both qualitative and quantitative approaches can be used to any given technique. Comparatively speaking, qualitative is determined by the budget owner's judgement, whereas quantitative is more mathematically grounded. Thus, forecasting methods that are qualitative or quantitative have benefits and drawbacks [1].
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[bookmark: _Toc159545960]Figure 5: Benefits of both qualitative and quantitative method of budgeting [1]
             
It is crucial to take political factors into account when evaluating budgeting strategies since bias can have a substantial negative influence on their efficacy. Bias will frequently cause pressure in the budgeting process, whether it comes from a salesperson's desire to "game the system" in order to boost the likelihood of earning the bonus or from senior management's need to meet goals in order to satisfy investors [1][40]. 
One technique to remove bias from forecasts is to apply a quantitative tool, such trend or econometric analysis. These techniques can give possibilities outside the group-think ranges and highlight the speculative aspects of a projection. They can serve as a starting point and facilitate a conversation about the necessary adjustments to meet the forecasted goal. Statistical techniques can be strengthened by sound, objective reasoning, but they also depend on the quality of the underlying data [40].
Quantitative procedures are more suited for teaming with qualitative processes since they may assist with assumption-based error checks. Warren suggests applying a quantitative approach due to its speed and general objectivity. It also looks at patterns of corporate development and the "function-defining" relationships that exist between the corporation's income and spending. These methods are more useful for scenario planning and can provide a strong basis for benchmarking and rolling forecasts [41][1].  ML algorithms provide insights through predictive analytics, which groups or individuals may use to create the AI's operational guidelines. This yields better results for some important factors. Predictive analytics doubles both the average profit and an individual's financial lifetime worth. Due to its application in algorithmic trading, big data has great promise for the financial industry [1]. 
3.5. [bookmark: _Toc159543709]DATA ANALYTICS AID IN FINANCIAL PLANNING ADVICE

Banks may give pertinent financial planning and advise by using purchase patterns, which provide insights into consumers' financial behaviours and requirements. Through the process of analysing consumer spending habits, banks are able to provide tailored advice on investing, saving, and budgeting techniques. This improves the relationship between the bank and its clients and establishes it as a reliable source of financial advice.
Banks require systems that can handle massive amounts of transactional data as well as strong data analytics skills in order to properly analyse purchase trends. Ensuring adherence to data privacy and security requirements is important when managing consumer transaction data.
In conclusion, banks may learn a great deal about their clients' requirements, preferences, and behaviours by examining their purchasing habits. Organisations may use this data to boost client retention, identify fraud, personalise marketing campaigns, segment their consumer base, and offer customised financial advice. Improved client experiences, greater customer loyalty, and ultimately the bank's performance is all facilitated by these insights [13].
3.6. [bookmark: _Toc159543710] TYPE OF DATA ANALYTICS USED IN BUDGET MANAGEMENT 

important inquiries in the actual business process include "What happened? “Why did it take place? “What are the prospects for the future? “What steps ought to be done? Are typical and significant. In this work, we emphasise and classify the analytics into four categories, namely descriptive, diagnostic, predictive, and prescriptive, which are addressed below. 
1. Descriptive analytics: The analysis of past data to gain a deeper understanding of the changes that have taken place is known as descriptive analytics. Descriptive analytics, then, provides a response to the question, "What happened in the past?" by providing an overview of historical data, including figures related to incomes, debts, expenses, Descriptive analytics, for example, may be used to forecast the likelihood that a client would buy a product by examining trends, patterns, anomalies, and other aspects of past buying behaviour. Therefore, using a wide range of pertinent business data, descriptive analytics may be quite helpful in painting an accurate image of what has happened in a firm and how it connects to earlier eras.

2. Diagnostic analytics: This type of advanced analytics looks at content or data to determine "why did it happen?" The purpose of diagnostic analytics is to assist in identifying the underlying source of the issue. Individuals can examine their sources and fluctuations of income with the use of diagnostic analytics. People may better plan for swings in income and prioritise spending by being aware of their tendencies. With diagnostic analytics, people may monitor their financial goals' progress. People may evaluate their financial success and modify their budgeting tactics to keep on track by comparing their actual savings and spending to their planned goals. Diagnostic analytics can help people manage their debt more skilfully. People may create plans to reduce interest expenses and pay off debt more quickly by examining debt repayment trends, interest rates, and outstanding balances.
All things considered, diagnostic analytics makes it possible to get value from the data by asking the appropriate questions and thoroughly researching the responses. Techniques like drill-down, data mining, correlations, and discovery are some of its defining characteristics.

3. Predictive analytics: Using statistical models and historical data, predictive analytics forecasts future financial results, which is a critical function of budget management. What will happen in the future? is a question that is answered by analysing data or content in this type of advanced analytics. Finding this question and providing a high degree of likelihood in the response is hence the main objective of predictive analytics. A better result may be achieved in a variety of application areas by employing data scientists to mine historical data for insights for developing predictive models using a variety of regression analysis and machine learning approaches. Thus, predictive analytics can be considered as the core analytical method within the area of data science.
When it comes to forecasting or budgeting, predictive analytics may be of great use, particularly when estimating an individual's expenditure for future periods. Predictive analytics has other financial uses, such as the following [5]:
1. Forecast of Cash Flow 
Cash flow is extremely hard to forecast with any kind of precision. Predictive analytics, on the other hand, makes use of historical data to estimate cash flow more rapidly and accurately. In actuality, it is easy to pinpoint areas that need to be addressed right away by using the same historical figures.
2. The likelihood of payment
It is possible to determine the probability of getting payments and investing funds in a certain period of time by using a range of forecasting techniques, predictive models, and dashboard analysis [1].
Predictive analytics may enhance financial forecasting and budgeting in a variety of other ways, and this is by no means an exhaustive list. It's crucial to remember, though, that before predictive analytics can truly take off and benefit one’s finances, a significant amount of work will be spent ensuring that clear, high-quality data is easily accessible for usage. We must first ensure that we have many years' worth of data available since, as was previously said, historical data must be utilised to identify trends in order to forecast as accurately as possible.[1]

4. Prescriptive Analytics: The goal of prescriptive analytics is to provide actionable insights that maximise total returns and profitability by suggesting the optimum course of action. This approach usually addresses the issue of "what action should be taken." Prescriptive analytics is regarded as the last phase in business analytics. Prescriptive analytics gathers information for its models from several descriptive and predictive sources and applies it to the process of making decisions. As a result, it is comparable to both predictive and descriptive analytics; however, it places more of an emphasis on actionable insights than on data monitoring. Stated differently, it might be viewed as the antithesis of descriptive analytics, which analyses choices and results after the fact.
Budget management is elevated to a proactive level by prescriptive analytics, which not only forecasts future events but also suggests courses of action to maximise budget allocation and meet financial objectives.
Prescriptive analytics helps organisations make better judgements that lead to the most effective business decisions by combining big data, machine learning, and business rules.
In conclusion, both descriptive analytics and diagnostic analytics evaluates the past data to shed light on what transpired and why. Prescriptive and predictive analytics employ historical data to make predictions about the future and recommend actions to mitigate such consequences. Real-world forward-thinking financial institutions may work together to apply these analytical techniques to create well-informed judgements that support enhancements and modifications to business procedures. In the sections that follow, we go over how machine learning techniques, with their capacity to learn from data, may be highly influential in various analytical procedures.
3.7. [bookmark: _Toc159543711] ANALYTICAL MODELLING USING MACHINE LEARNING

This section provides a brief overview of some machine learning-based advanced analytics techniques that might enhance computing efficiency by enabling smart decision-making inside corporate processes. A machine learning-based predictive modelling’ s overall structure is depicted in Figure [6], which takes into account both the training and testing phases. Within the parameters of our study, we cover a wide range of techniques in the following, including regression and classification analysis, association rule analysis, time-series analysis, behavioural analysis, log analysis, and more [42].

         [image: ]
[bookmark: _Toc159545961]Figure 6: An overall framework for a predictive model based on machine learning that takes into account both the training and testing stages [42]



3.8. [bookmark: _Toc159543712]AUTOMATED BUDGET REPORT CREATION

Through the simulation of human operation and judgement, RPA (Robotic Process Automation) technology may realize several activities, including data collecting and sorting, verification and analysis, coordination and management, computation and decision-making, communication, and reporting. The executed quantity of every system module as well as the extraction of external industry data provide the data for the budget analysis report. RPA can automatically collect, transform, and migrate data in accordance with defined rules. It can also verify and analyse the accuracy and integrity of data using defined criteria. Finally, it can use machine learning technology to create a data model for data mining, filter out budgetary inconsistencies, and send the information to management decision-makers. The information gathered from both inside and outside will then be combined by simulating human operation in accordance with the standard report template, data, text requirements, etc., and the budget analysis report and assessment report in natural language will be generated. Finally, it will be automatically forwarded to the specific personnels as needed. There are two stages in the RPA-based budget report generating process: preparation and execution.
I. Preparation Phase: During the planning phase, a budget report template must be established. First, locally develop an intelligent report template, add bookmarks to the places where values and tables need to be included, locate the data and report sources, initialise the template, upload it, and define it publicly based on the bookmark fields that have been added to the template. The intelligent budget report is then automatically prepared utilising the association rule analysis approach and machine learning algorithm [43].
II. Execution Phase: Send commands to activate the financial robot after defining a collection of reports for budget analysis. The budget assessment indicator template with a preset formula or the preset budget analysis report template with a predetermined format will be used by the financial robot to automatically calculate the data. In accordance with management requirements, these related contents can add pertinent management dimensions, create various display modes, and intelligently generate budget reports, including pie charts and tree charts. They can also present the analysis results based on thorough and multidimensional analysis in an intuitive manner [43].
To accomplish centralised data gathering and sorting, several major organisations have progressively developed financial sharing service centres in order to integrate centralised administration. Good circumstances for the use of RPA in budget management are created by the financial sharing centre’s establishment.
We have studied RPA technology in this research to automate the more regular procedures in comprehensive budget management. By reducing labour costs and increasing data precision, it allows finance staff to focus on more important management tasks by relieving them of tedious tasks. After that, the gathered financial data is mined and analysed using the association rule machine learning algorithm, and a method for automatically generating budget reports is built to help future work decisions and the production of reasonable and scientific budgets [43]. 
3.9. [bookmark: _Toc159543713]MACHINE LEARNING MODELS FOR ESTIMATING BUDGETS

Soft computing models—such as Decision Trees, Genetic Algorithms, Machine Learning, Neural Networks, and Hybrid Models—are frequently used to estimate the cost and effort of software development because of their ease of construction, quick learning curve, and strong generalisation power. Additionally, they support decision-making based on data analysis with the least amount of human intervention. The most popular machine learning models are listed below:

1. Artificial neural network: Because they offer insightful analysis and practical suggestions for streamlining budget procedures, enhancing resource distribution, and more successfully accomplishing financial goals, artificial neural networks (ANNs) are integral to automated budget management.
2. Support vector regression: Through the analysis of consumer spending patterns and the identification of budget goal deviations, SVR may be used to track budget performance in real-time. Customers can take quick remedial action and detect any budgetary problems early thanks to this.	
3. Decision Tree: The decision tree is a widely utilised technique in the development of prediction models. There are two categories into which it may be classified: Classification Tree and Regression Tree. The classification tree is used when an observation from an ordinal or nominal data class makes up the output class. Regression trees are used when it is necessary to predict an output value from the interval domain.
4. Random forest technique: Random Forest can be used to analyse budget variances by comparing actual performance against budget targets. By considering a wide range of factors and interactions, Random Forest can identify the most influential variables contributing to budget variances and recommend actions to mitigate them.
5. Case-Based Reasoning: By locating comparable historical examples and forecasting the results of various budget scenarios, CBR is able to do scenario analysis. Case-based reasoning (CBR) is the most researched method of cost assessment based on machine learning; it employs an analogy approach. CBR is the software production approach that is most frequently used due to its measurable reliability and conceptual simplicity.
4. [bookmark: _Toc159543714]PRACTICAL WORK

4.1. [bookmark: _Toc159543715] DEVELOPMENT OF BASIC BUDGETBUD WEBSITE 

Through hands-on work on a fundamental website, the dissertation seeks to teach readers a thorough grasp of budget management techniques. The goal of this project is to create a useful and easy-to-use website and features that will assist people in properly managing their funds. Through the integration of many elements, including cost classification, savings goal establishment, and income monitoring, the website provides an easy-to-use interface that enables users to obtain financial health insights. The development of the website, includes a landing page for a start having a working contact form and budget management related videos that has been implemented using coding, testing, and user feedback analysis, this is one of practical component of this dissertation. In order to help customers make wise decisions and reach their financial objectives, the website in future attempts to give them a comprehensive picture of their financial status.
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[bookmark: _Toc159545962]Figure 7: Screenshot of the developed website
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[bookmark: _Toc159545963]Figure 8: Contact form screenshot in the website
                            

A Streamlit web application named "BudgetBud" is created by the code. Users of the online programme may create budgets, keep track of their spending, and obtain tips and guidance on money matters. Additionally, the application has a contact form where users may send questions or comments.
The application features a Lottie animation for visual appeal and is customised with custom CSS. The animation encourages users to explore the application's capabilities further.
There are three primary components to the application:
1. Introduction - An introduction detailing the features and functionality of the BudgetBud application.
2. functions: An overview of the functions available in the programme, including budget planning, investment advice, and cost monitoring.
3. Contact: A form that users may utilise to send comments or questions to the app's creators.
4.2. [bookmark: _Toc159543716]STEPS UNDERTAKEN TO DEVELOP THE BASIC WEBSITE

The given code creates a web application named "BudgetBud" using the Streamlit package and is written in Python. This application's goal is to give users access to financial management tools including budget planning, cost monitoring, investment advice, and a contact form for questions or comments. 
Below is the dissection of the code explained: 
1. Importing Libraries: The first step in the code is to import the required libraries. The web application is created using streamlit, the Lottie animation is shown using streamlit_lottie, and HTTP requests are made using requests.
2. Setting Page Configuration: The web application's page title, page icon, and layout may all be customised using the st.set_page_config() method.
3. Lottie animation loading: A Lottie animation is loaded from a URL using the load_lottieurl() method.
4. Local CSS: The "style.css" file contains custom CSS that is loaded and applied to the web application by the local_css() method.
5. Building a Web Application: Using Streamlit, the web application is created, and this constitutes the majority of the code. Containers for the various application parts are created using the st.container() method.
6. Introduction: The application's title, description, and subheader are all contained in the first container. For further information, there's a link to a YouTube video included as well.
7. Features: The application's features, including budget planning, investment advice, and cost monitoring, are enumerated in the second container. For every feature, links to YouTube videos are also provided.
8. Contact Form: Users can send questions or comments using the contact form located in the third container. Form submissions are managed by the formsubmit.co service.
9. Launching the Programme: Lastly, when the Python script is started, the web application is launched using the if __name__ == "__main__": block.

With features like spending monitoring, budget planning, investment advice, and a contact form for questions or comments, the code, taken as a whole, produces an intuitive  basic online web application for financial management using Streamlit.

Streamlit, Python, and CSS files were used in the website's construction to give consumers a smooth and simple financial management interface. Streamlit, a well-known Python package, played a crucial role in creating the website's interactive features, which enabled smooth data visualisation and real-time updates. Python was used to ensure the website's flexibility and resilience, which made it possible to incorporate intricate financial computations and algorithms. Additionally, the website's visual appeal and user experience were improved by utilising CSS files, which resulted in a contemporary and user-friendly interface. This completely functioning and user-centric budget management website was created with the help of Streamlit, Python, and CSS files, with the goal of enabling people to take charge of their financial well-being.





4.3. [bookmark: _Toc159543717]CODING THE ELEMENTS OF THE APPLICATION FOR BUDGET MANAGEMENT

The code snippet that is supplied is used to determine the overall costs and savings for several categories, such as food, transportation, entertainment, and others.
This is what the code accomplishes:
Initialization: A variable called total_expenses is set to zero at first. The total of all the      categories' expenditures will be kept in this variable.
Go around the categories: The user is prompted to input the amount spent on each category as he moves through the categories list. Within the loop, the expenditure is added to total_expenses.
Calculate Savings: The user is asked to input their total income once each category has been looped through. After that, the savings are computed by deducting total_expenses from income.
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[bookmark: _Toc159545964]Figure 9: Screenshot of the code for calculating expenses and saving for the budgeting application
4.4. [bookmark: _Toc159543718]Programming code to generate a scatter plot that may be displayed in the budget application to help users understand it better.

Using a sample dataset, the given code generates a scatter plot that illustrates the link between income and savings. Let's dissect the code in detail:

1. Libraries to be Imported: The code imports the matplotlib library's pyplot module for plotting and the pandas library for data handling. For the sake of simplicity, they are now called pd and plt, respectively.
2. Define Data: To hold the income and matching savings data, two lists, incomes and savings, are defined.
3. Create DataFrame: A pandas DataFrame, df, is created using the lists of earnings and savings. Each row in this dataframe represents a data point with income and matching savings. The two columns in this dataframe are called Income and Savings.
4. Make a scatter plot: To make a scatter plot, use the plt.scatter() method. The data from the Income column of the DataFrame is represented by the x-axis, while the savings are represented by the y-axis (from the Savings column of the DataFrame). The colour of the data points is specified by setting the colour option to 'blue'.
5. specified Labels and Title: The x- and y-axis labels are specified using the plt.xlabel() and plt.ylabel() methods, respectively. The plot title may be set using the plt.title() method.
6. Display Plot: The scatter plot is finally displayed by calling the plt.show() method.
In conclusion, the code uses the example data supplied to produce a scatter plot that illustrates the link between income and savings. A helpful visual aid for comprehending how changes in income impact savings and vice versa is the scatter plot.
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[bookmark: _Toc159545965]Figure 10: Screenshot of the developed scatter plot of expenses and saving using matplot

This little piece of code creates a scatter plot that illustrates the link between income and savings using the matplotlib and pandas libraries in Python. This is a detailed explanation of what the code accomplishes:
Bring in the matplotlib and pandas files. Python plotting libraries: This line imports the matplotlib library's pyplot module as plt and the pandas library as pd.
Describe the income and savings data lists: Five income values and their matching savings values are contained in the two lists, incomes and savings, that are defined by the code.
Make a DataFrame: A pandas DataFrame named df is made using the information from the lists. The two columns of the DataFrame are Savings and Income.
Show the scatter plot: The code generates a scatter plot with income on the x-axis and savings on the y-axis using matplotlib.pyplot.scatter(). Plt.show() is used to display the scatter plot.
The link between income and savings may be easily visualised with the help of this code snippet. The plot's colour and size may be altered, and it can be expanded to incorporate more data points and features like labelling the axes.
4.5. [bookmark: _Toc159543719][bookmark: _Hlk159344898]DEVELOPING A BASIC FINANCE MANAGER CODE 

The below python programme computes a user's financial status based on their income, spending, and savings target. It is a basic financial assistant. Three functions make up the code: main, get_user_input, and calculate_financial_situation.
1. compute_financial_situation(earnings, outlays, savings_target): Three parameters are required for this function: savings_goal, costs, and revenue. By adding up all of the costs listed, it determines the user's overall spending. After that, it determines the user's overall savings by deducting all of their costs from their revenue. Lastly, it determines if the total savings exceeds the savings_goal or is equal to it. If this is the case, a message stating that the user is on course to reach their savings target is returned. If not, a message letting the user know how far short of their target they are is returned.
2. get_user_input(): does not require any arguments. The user is prompted to enter the number of costs they have, how much they spend on each, and their monthly income. The user is also prompted to enter their monthly savings target. It gives back a tuple containing the user's income, spending, and savings target.
3. main(): The primary point of entry for the programme is this function. The Finance Assistant is greeted with a warm greeting. To obtain the user's financial information, it then invokes the get_user_input function. The user's financial information is then sent to the calculate_financial_situation function, which prints the outcome.
4. This piece of code makes sure that the main function is only called when the script is launched directly, as opposed to being imported as a module. if __name__ == "__main__"

All things considered, this code offers a minimal framework for a finance assistant that aids users in evaluating their financial status in light of their earnings, outlays, and savings objective.
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[bookmark: _Toc159545966]Figure 11: Screenshot of finance manager python code with output

[bookmark: _Hlk159545715]                   
The provided Python code is a simple finance assistant that computes an individual's financial status by taking into account their income, spending, and savings objective. Calculate_financial_situation, get_user_input, and main are its three functions.
Determine the financial situation: Three arguments are entered into this function: income, spending, and savings_goal.
1. Calculate_financial_situation

· By adding together all of the costs listed, it determines the total amount spent.
· By deducting all costs from income, the total savings is determined.
· It determines if the total savings exceeds the savings_goal or is equal to it.
· It returns a message saying that the user is on pace to reach their savings goal if the savings are more than or equal to the target.
· It returns a message stating how much short the user is if the savings fall short of the target.
· It returns a message stating how far short the user is of their objective if the saving fall short falls short of the target .

2. Obtain_user_input

· There are no arguments required for this function.
· The user is prompted to enter the number of costs they have, how much they spend on each, and their monthly income.
· The user is also prompted to enter their monthly savings target.
· It gives back a tuple containing the user's income, spending, and savings target.

3. Main:
· The primary point of entry for the programme is this function.
· The Finance Assistant is greeted with a warm greeting.
· To obtain the user's financial information, it invokes the get_user_input function.
· The user's financial information is then sent to the calculate_financial_situation function, which prints the outcome.

4. if __name__ == "__main__":
· This line makes sure that the script will only perform its main function when it is invoked directly, without being imported as a module.
All things considered, this code offers a minimal framework for a finance assistant that aids users in evaluating their financial status in light of their earnings, outlays, and savings objective.
5. [bookmark: _Toc159543720]ETHICAL CONSIDERATIONS 

In order to prevent scenarios in which ethical principles might jeopardise participants, damage the reputations of researchers, or erode public confidence in research, this initiative has taken ethical issues into account. 

Many books, journals, and research papers provided the data for this investigation. The reference list, which can be found at the conclusion of the work, contains citations acknowledging each. The research article has also been submitted for ethics committee approval along with a completed ethics form. In order to avoid plagiarism in the research, all sources were properly recognised, and correct citation and reference were used. All publications by the researchers involved in this study reported any relevant financial or personal relationships that may have influenced the results, in order to avoid any potential conflicts of interest.

In addition, every piece of information gathered is anonymised and safely kept to avoid unwanted access. Throughout the study, participant confidentiality is upheld, and data is only utilised for research.








6. [bookmark: _Toc159543721]FUTURE RESEARCH DIRECTIONS 

Potential future research pathways require a PERT CHART in order to achieve its final goal. A PERT (Programme Evaluation and Review Technique) chart is used in this study report to compile the tasks and dependencies required for the application to succeed. The PERT chart below displays the necessary tasks that must be finished in order to expand the project which can ultimately build a web application. With a visual representation of the project schedule provided by the PERT chart, the reader will be better able to understand the many tasks involved and their sequence of completion. A PERT chart may be used to determine the critical path, or the sequence of tasks that must be performed in order for the project to be done on time.

[image: ]
[bookmark: _Toc159545967]Figure 12: PERT chart for the future work (Building an App)

Due to the constraints of time and resources, the development of the budget management application will be postponed to a future date. The project has been conceptualised, and the essential foundation has been established, however the current situation prevents the application from being fully implemented and tested. It is crucial to remember that the application's significance and possible effects are unaffected by this delay. Instead, it shows a cautious approach to guaranteeing that the application is designed with the required rigour and attention to detail. In order to make sure the application satisfies the needs and expectations of its customers, the delay also offers a chance to improve the project plan, get more resources, and carry out further research.

6.1. [bookmark: _Toc159543722]TIMELINE FOR FUTURE WORK 

[image: ]
[bookmark: _Toc159545968]Figure 13: Timeline table for developing the application



6.2. [bookmark: _Toc159543723] TECHNICAL REQUIREMENTS 

The final application will be built using a variety of computer languages for different components of its architecture.
1. JavaScript: The front end of the budget analysis application will be developed using JavaScript and other JavaScript libraries.
2. HTML/CSS: The application's user interface will be developed in HTML and styled with CSS to provide a smooth user experience.
3. Tableau with PostgreSQL: This application will store user data in PostgreSQL, an open-source relational database management system. For many of the components needed for the creation of the application, Tableau will also be used for data visualisation and analysis.
4. Python: Used to build the backend code for the features of application. A few codes have been already as stated in the paper above. 
5. Machine Learning: Machine learning models will be used to provide automation and recommendation to the users according to their financial background. 
The application will go thoroughly into the research ideas presented in this article thus far and better the budget analysis through the usage of augmented reality, NLP (National Language Processing), and the internet of things. Additionally, cloud-based and continuous budgeting may be employed.
7. [bookmark: _Toc159543724]CHALLENGES ENCOUNTERED 

Conducting a dissertation on budget analysis using data analytical techniques was no small feat. A number of obstacles had to be overcome during the procedure, which calls for careful preparation, in-depth study, and technological know-how. The primary challenged faced while doing the practical implementation was to gather high-quality and pertinent data. The data itself might be incorrect or partial, and the data sources could be few or unreachable. Therefore, I made a small dataset of my own budget information and used it to develop the dynamic dashboard tableau.  Another difficult step is data pretreatment, which calls for meticulous transformation, formatting, and cleaning. 



8. [bookmark: _Toc159543725]RESULTS AND EVALUATION 

The study stated above sheds light on the difficulties encountered in the field of budget analysis and offers some data-analytical strategies that may be used to enhance budget management. These strategies would allow users to more precisely project their expenses and align their spending priorities accordingly. The paper claims that "budget variance" is essential to building the budget analysis's framework. Furthermore, certain predictive studies and machine learning algorithms offer insights into a financial settlement.

The knowledge provided by this study on a few analytical techniques that help improve budget management is sufficient. The investigation turned up a number of techniques for developing a potential budgeting tool. In the future, budgeting apps will make use of natural language processing, or NLP, which has the ability to automatically classify transactions according to their descriptions. Augmented reality-based financial data visualisations may be used to explore more data and find new insights. Not to mention, the Internet of Things (IoT) sector is expanding quickly. Through the Internet of Things, more data points for budget analysis can be obtained from wearable or home device information.
While working on this dissertation, several practical activities were undertaken that have direct relevance to the development of features for a budget management application. These activities include the creation of creative dashboards, the design and implementation of a finance manager, and the development of an expense tracker. These practicals provide a solid foundation for the theoretical aspects discussed in this paper and can be used as building blocks for the application's features.
Throughout this dissertation, empirical research has been conducted to supplement the theoretical framework, particularly with reference to Tableau's creative dashboard development. These dashboards provide as an effective example of how data visualisation may improve the understanding of financial data in applications used for budget management. Users may better understand their financial condition, spot opportunities for improvement, and make financially-informed decisions by visualising important financial data and patterns. The creation of these dashboards highlights the value of integrating data analytics methods into budget management software as they may greatly improve users' capacity for financial literacy and decision-making.
The theoretical groundwork laid in this paper aims to provide a comprehensive framework for the development of a budget management application that can seamlessly integrate with the banking sector. By leveraging the power of data analytics and machine learning, this application can significantly enhance the financial sector's capabilities in today's rapidly changing world. The application's features, such as the creative dashboards, finance manager, and expense tracker, will enable users to gain valuable insights into their financial health and make informed decisions about their finances. Furthermore, by integrating with the banking sector, the application can provide users with real-time access to their financial data, allowing them to manage their budgets more effectively and efficiently.
9. [bookmark: _Toc159543726]RECOMMENDATIONS

Some suggestions may be made to improve the creation and use of budget management apps in the banking industry based on the research and theoretical framework presented in this dissertation:
1. Engage in Partnerships with Banking Institutions: Form alliances with banking establishments to include budget management software into the current banking systems. Through this partnership, consumers may effortlessly obtain their credit card bills, account balances, and transaction history.
2. Employ Algorithms for Machine Learning: Make use of algorithms for machine learning to give people individualised financial advice and insights. These algorithms are capable of analysing expenditure trends, locating potential savings, and providing customised budgeting guidance.
3. Prioritize User Experience: Put the user experience first. Create interfaces that are simple to use so that users can quickly get important financial data and navigate the programme. To improve user experience, provide features like customisable budget categories, real-time notifications, and interactive dashboards.
4. Ensure Data Privacy and Security: To safeguard users' financial information, put in place strong data privacy and security safeguards. To protect sensitive data, make use of encryption technologies, two-factor authentication, and safe data storage procedures.
5. Provide Educational Resources: To assist users in becoming more financially literate, include instructional materials within the programme. Articles, tutorials, and videos on subjects like debt management, investing, saving, and budgeting might fall under this category.

These suggestions may be put into practice, and budget management apps can become indispensable resources for anyone looking to manage their money wisely and make wise financial choices. Additionally, via the provision of value-added services that improve financial health, these applications can assist banking institutions in strengthening their bonds with their clients.
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expense = float(input(f"Enter expense #{i + 1}: "))
expenses. append (expense)

savings_goal = float(input("Enter your monthly savings goal: "))

St Smemme mememees mevSmes e

@ main()

Run ‘& budget x ‘e bugdettwo x ‘& bugdetnew x ‘& scatter x ‘& Fmanager x

3
e @

Welcome to the Finance Assistant!
Enter your monthly income: 5600
How many expenses do you have? 3
Enter expense #1: 200

Enter expense #2: 3800

Enter expense #3: 106

Enter your monthly savings goal: 500
You are on track to meet your savings goal!

0 pythonProject] > @ Fmanager.py 2518 CRLF UTF-8 4spaces Python 3.9 (pythonProject]) o'
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