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Abstract: The study considered the specific risk issues associated with the Foreign 

Exchange (FOREX) market in Nigeria. Foreign exchange investors are risk takers due to 

the decisions they often make on their resources for investment. Accurate forecasting of 

data has often been challenging to investors in the foreign exchange market due to lack of 

predictive and statistical tools. The mentioned challenge is also as a result of not applying 

models that accurately predict foreign exchange signals and trends. In this study we 

developed an Improved Sentiment Analysis Systems using Ensemble of Predictive Experts 

comprising of neural network, Regression Analysis and Decision Tree was developed. The 

study adopted the agile methodology due to its ability to iteratively adapt to changing user 

requirements and the volatile nature of the foreign exchange market. The model was 

implemented in Python Programming Language and MySQL database as backend. A 

comparative analysis of the existing and new systems was carried out and the parameters 

used for the analysis encompassed the methodology adopted, the number of predictions, 

number of accurate predictions, number of tested records for prediction, and the number 

of currencies used for the prediction was considered. The results clearly showed that the 

new system outperformed the existing system with 58 accurate predictions while the former 

achieved 38 accurate predictions respectively. The new system performed better in term of 

accuracy on unseen data to reduce generalization error in forecasting of FOREX signal. 

 

Keywords: Text Classification, Decision Tree, Ensemble Learning, Regression analysis, 

neural network 
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Introduction 

The study considered specific risk issues associated with the Foreign Exchange (FOREX) 

market in Nigeria.Furthermore, foreign exchange investors are risk takers due to the decisions 

they often make on their resources for investment. Accurate forecasting of data has often 

been challenging to investors in the foreign exchange market due to lack of predictive and 

statistical tools. The mentioned challenge is also as a result of not applying models that 

accurately predict foreign exchange signals and trends. According to Bimi et al (2018), “the 

routine supervision of a project‟s goal alongside the prediction on whether an investment goal 

can be achieved or not, can be described as investment monitoring and forecasting”.  

 

In this study we intend to develop an Improved Sentiment Analysis and Classification 

Systems using Ensemble of Predictive Experts in foreign exchange (FOREX) forecasting for 

accurate forecast and insight of Foreign Exchange trends used by investors. Sentiment 

Analysis or Emotion Artificial Intelligence can simply be described as the application of 

Natural Language Processing (NLP) and Text Classification to the gaining of accurate and 

deep understanding of specific events. In other to understand the concept of Classification 

system is the process of identifying opinions in text and labeling them as positive, negative, 

or neutral, based on the emotions using natural language processing (NLP) to predict accurate 

results. In addition, we also intend to ensemble predictive experts such as Decision Tree, 

Regression Analysis and Neural Networks. 

A Decision Tree can be defined as an expert system tool used for analyzing multiple 

variables. Decision Trees segments information into groups that are based on the variable 

input. This will help a user assimilate the concept of decision-making. Regression Analysis 

can be defined as a statistic-related way that shows relationship among variables. Also, 

regression analysis can be adopted for inspection of variables strength. A Neural Network is a 
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system that is patterned after the operation of the human brain, and is used to solve complex 

pattern recognition problems (Sahabi & Suleiman, 2018). 

 

The application of ensemble techniques in solving prediction and forecasting problems has 

injected a new form of energy into predictive analytics which can be deployed across 

different domain. The ensemble approach entails creating a large number of somewhat 

independent predictive models and then combining them through voting or averaging to 

achieve extremely high performance. Crowd sourcing for machines has been applied to 

ensemble methods. Bagging, Boosting, and Random Forest all aim to improve performance 

beyond what a binary decision tree can achieve, but the algorithms take. Ensemble Methods 

are among the most powerful and user-friendly predictive analytics algorithms combining 

different machine learning algorithms such as Random Forest, Gradient Boosting, and 

Bagging (Bowles, 2014).   

 

It is a general meta-machine learning approach that seeks to improve predictive performance 

by combining predictions from multiple models. Although there appear to be an infinite 

number of ensembles that you can create for your predictive modeling problem, three 

methods dominate the field of ensemble learning. So much so that, rather than being 

algorithms in and of themselves, each is a field of study that has spawned a plethora of more 

specialized methods (Brownlee, 2021). 

 

The Concept of Foreign Exchange, Money serves as a medium of exchange, simplifying 

transactions between millions of people in a market place. It is simply anything of value that 

the general public accepts for the purpose of making transactions and settling debts. Money is 

primarily used as a medium of exchange and is crucial in the settlement of financial 

obligations. Money is commonly referred to as currency (notes or coins) because it is easily 

used to make payments. That is why the terms money and currency are used interchangeably. 
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Money, on the other hand, is more than just currency in that it includes other items used for 

transaction (Mbutor et al., 2016). Different mediums of exchange are used in transactions 

between people who live in different countries. Cross-border transactions typically 

necessitate the exchange of one currency for another (foreign exchange or FOREX or 

exchange rate). The price of one currency in terms of another is described by an exchange 

rate. As a result, the term FOREX is an acronym for foreign exchange. FOREX simply refers 

to how currencies are valued and interpreted when a transaction occurs between two or more 

countries.  It also refers to as exchange rate, according to Kabari and Macarthy (2019), the 

exchange rate reveals the proportion at which one currency can be exchanged for another, 

which is the currency price ratio. It is the exchange rate of a foreign country's currency versus 

the rate of the home country's currency. It also specifies the value of one currency in relation 

to another. The exchange rate has been one of the most important factors influencing the 

economic growth of most advanced countries; however, a regular random walk or unstable 

exchange rate is a major impediment to the economic growth of many countries, including 

Nigeria. 

 

The Forex Market, in a floating rate system, the price of a currency is determined when 

supply equals demand. In practice, however, measuring supply and demand is difficult 

because they are related to the minute-by-minute movements of prices in the real market. The 

presence of transactions at a specific price indicates that buyers and sellers have met, and the 

market must be close to equilibrium at that time. The real challenge facing a trader knows 

when supply and demand is shifting and by how much prices are likely to change.  

Currencies fluctuate when traders and speculators react to the following factors: 

a) Real business 

b) News releases 

c) Economic statistics (fundamental analysis) 

d) Chart theory (technical analysis) 



NNAA, Sunday Barikui et al, International Journal of Computer Science and Mobile Computing, Vol.11 Issue.5, May- 2022, pg. 92-221 

© 2022, IJCSMC All Rights Reserved                                                                                                        96 

 

Real business. A trader's prior experience and observations of specific market relationships 

also play a role in explaining market behavior. However, due to the dynamic nature of the 

economic system, these market conventions can change over time, forcing traders to update 

their personal strategies. Knowing how markets interact with one another and being aware of 

changes in fundamental economic variables are critical to the success of any trader. In today's 

markets, the importance of dozens of variables varies. Traders must be astute and resourceful 

in selecting the market relationships that will guide their decision-making. They must also 

judge how much weight to attach to the comments of various government officials and 

economists who speak about markets, often with the intention of moving or stabilizing prices. 

 

The markets often overreact to informal comments by politicians who speak on subjects that 

are unrelated to their official functions. In some cases, while an individual's comments may 

have influenced the markets at some point, an important new announcement may go almost 

unnoticed. These informal remarks have a significant impact on currency exchange rates in 

countries experiencing political or economic turmoil. Understanding that news 

announcements and working cause-and-effect relationships provide opportunities for 

speculation is critical for novice traders. Traders evaluate all available information to detect 

reliable buy-and-sell signals in order to initiate positions in a currency in the hope of 

offsetting the transaction in a matter of minutes or hours and thus locking in a profit. 

New Release: The value of a currency in the real currency market is influenced by news 

releases relating to economic and political events and concerns. During the trading day, 

dozens of news fragments are released. Some have a broad market impact, while others are 

limited to a single instrument. In most cases, however, the average news story has no impact 

and only adds to the mountains of unimportant data in the annals of financial history. Some 

news stories, whether economic or political in nature, do, however, create short-term currents 
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and eddies in market sentiment, which traders use to break prices out of their established 

'trading ranges.' 

 

On numerous occasions, news stories have succeeded in moving prices to levels that traders 

could not reach on their own. Furthermore, news releases frequently catch traders who are in 

bad positions off guard. If the market reaction to the news threatens to worsen the situation, 

losers are forced to liquidate their 'offside' positions. Excess supply or demand generated by a 

single news release can cause significant price movement. Although many of the opinions, 

predictions, and news updates printed in the headlines contradict historical data, some of 

them will inevitably be proven correct. For this reason, markets take them so seriously and 

sometimes overreact. Subjects covered under political news may not be as easy to classify, 

but their effects will be straightforward in most cases. Political news flashes can relate to: 

i. The management of the country's economy, 

ii. The global economy, 

iii. World politics, 

iv. Foreign policies, and 

v. Defence policies. 

Certain current event news, such as natural disasters, may also affect various prices. As in the 

real market, a quick mind and strong stomach are the qualities that are necessary for success. 

 

Statement of the Problem 

The uncertainties and instabilities experienced in the foreign exchange market has been 

attributed to certain government policies and socioeconomic realities across the globe that has 

affected the rise and fall in the FOREX market. This level of volatilities has made the 

accurate prediction of the FOREX market almost impossible increasing fear of loss of funds 

in the investors in the market. This factor has led to the development of different 
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mathematical and machine learning algorithms for the accurate prediction of the foreign 

exchange market. Therefore, we reviewed the work by Konig (2020) and discovered the 

inherent limitation which includes the inability of the system to analyze the intangible data, 

high error margin and model overfitting due to insufficne dataset. To this end, there is need 

for development of an improved model for the prediction of foreign exchange (FOREX) 

market using sentiment analysis and classification model. 

 

Aim and Objectives of the Study 

The aim of this study was to develop an Improved Sentiment Analysis and classification 

System for Foreign Exchange forecasting. The specific objectives of the study were to: 

1. design a predictive model for foreign exchange forecasting, 

2. optimize performance of the proposed model with Regression Analysis and Decision 

Tree, 

3. implement the model using Python programming language and MySQL, 

4.     compare results from the existing with the proposed system. 

 

Significance of the Study 

The benefits of this study encompass a unique prediction tool for Foreign Exchange 

investment. In other words, the study will be beneficial: 

i. Foreign Exchange Investors and Stockbrokers 

ii. Bankers 

iii. Researchers with keen interest in the study area 

 

Decision making for Foreign Exchange investment has become challenging for investors and 

stockbrokers. This is due to the absence of a sentiment analysis and classification tool. The 

proposed expert system in the study will be a useful decision making tool for Foreign 

Exchange investors and stockbrokers. Also, along with the terminology, some basic 
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calculations such as deriving a direct quote from an indirect quote are also a part of basic 

Forex course. The study will be relevant to bankers in the finance sector. This is because; 

most banking systems lack emotion artificial intelligence technique when it comes to 

financial decisions. Furthermore, the relevant information in the study will help bankers in 

areas of financial management. Sentiment Analysis and Natural Language Processing (NLP) 

have continued to be the interest of many researchers in the science field. The relevant 

information from the study will contribute more ideas to researchers with keen interest in the 

study area.  

 

Scope of the Study 

The boundary of the study was on the simulation of Foreign Exchange forecasting using 

automated decision support tools for predicting trends and signals. Several researchers have 

tried addressing the mentioned area via predictive techniques and methods for decision 

support in situations with poor data quality.  

 

Review of Related Literature  

Different scholars considered optimizing foreign exchange forecast in the Stock Exchange 

via Artificial Intelligence and Information Communication Technology (ICT). Notable 

amongst the scholars and researchers who proposed automated approaches to the mentioned 

issues are: 

 

Jerzy et al, (2016), looked into the fundamental scrutiny in a system of numerous trade 

activities. Their study intends to grow active trading concepts and further forecast the finance 

market. Alfa et al, (2016), looked into scrutinizing Neuro-Fuzzy systems for predicting prices 

in stock market. Their study scrutinized prediction ability of several information systems. 

Furthermore, the authors also illustrated that companies and enterprises shares doing 

businesses on the Stock Exchange are determined by demand and supply dynamics. Esmaeil 
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(2012), looked at Forecasting Foreign Exchange Market Trends. Furthermore, the study 

investigated the efficiency of prediction scrutiny in the foreign exchange market. The 

scrutiny was done in sixty days. Lean et al, (2014), designed a hybrid artificial intelligence 

system as a prediction trading tool. In their developed concept, deep learning was adopted to 

guess cost of stocks, which also provided suggestion to traders. Konig (2020), approached 

forecast patterns for aiding issues of bad data concepts. The author further suggested a unique 

and understandable way for guessing issues of bad data concepts.  

 

Ranjan et al (2015) compared the various techniques adopted for use in carrying out the 

process of classification. Such models like k-nearest neighbor (KNN), neural networks (NN), 

Bayes method (BM), support vector machine (SVM), decision trees (DT) were used. When 

the comparison was made, it was identified that the simplest method that needs to be adopted 

for use is k-nearest neighbor algorithm. More research is recommended so as to find out the 

relationship that exists among these models.  

 

Shen et al (2016) proposed a sentiment analysis approach through which document can be 

represented using sequences that are extracted automatically through the use of n-multi-gram 

models. Two text classifiers were on the proposed presentation of document. The authors did 

a good job but could not implement the discussed approach to a machine learning model for 

more clarification and understanding of the study. 

 

Roa et al (2016) proposed an intelligent text data classification system for sentiment analysis. 

The system was designed on the inspiration of Biology using Genetic approach. It focused on 

how the classifier can be modeled from the data for training considering the genetic algorithm 

and the appropriate components that are found in Biology. The challenge that was open 

included the application of the techniques for classification and clustering of text data. 

Therefore, a suggestion was made for future research.  
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Al-Khurajji and Sameh (2016) proposed an approach for use in Arabic text classification 

using a classifier known as Kernel Naive Bayes (KNB). Suggestion was made that future 

research should be made so that comparison between Arabic text classification classifiers and 

dimensionality reduction methods like topic models and feature selection. 

 

Hmeidi et al (2016) in a set of experiments compared the performance of five best algorithms 

that are known in text categorization. That study was aimed at making sure that Arabic 

language text categorization problem was solved. The experiment commenced with the 

selection of five categories from Arabic dataset that is popular. The authors did a good job 

but failed to further perform performance evaluation on their discussed experimental result. 

Hayley et al., (2014) looked at the role of healthcare robots for older people at home: a 

review. The study aimed to identify the areas of need that older people have, and the 

available solutions. In particular, the robotic solutions are explored and critiqued and areas 

for future development identified. Furthermore, the authors reviewed several literatures for 

factors that influence admission to nursing home care, and for technological solutions to these 

factors. The authors did a good job. But the study could not be implemented with real-life 

health robotics. 

 

Daniel et al (2018) carried out a study on Agent-based M and S of Individual Elderly Care 

decision-making. The authors developed an Agent-based model that enables the simulation of 

individual decision-making processes. Additionally, sociological actor types were used to 

implement individual preferences and characteristics of care recipients. The authors did a 

good job. However, a major limitation of their study is that the developed model was 

deficient in benchmarking and cost benefits analysis.  

 

Stefano et al (2015) looked at an agent-based architecture for adaptive supervision and 

control of smart environments. The study described architecture and functionality of a 
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generic agent that is in charge of handling a given environment in an Ambient Intelligence 

context. The authors did a good job. However, the analysis of their adopted methodology 

showed that they only simulated the implementation, and failed to deploy the work to a real 

smart environment.  

 

Juan et al (2010) carried out a study on an agent-based architecture for developing activity 

aware systems for assisting the elderly. The authors proposed an activity-aware computing 

that allows smart environments to provide continuous activity awareness and 

opportunistically offer assistance aimed at supporting the elders‟ current activity. The authors 

did a good job. However, they were unable to apply the developed system on other software 

engineering tasks that rely on text analysis using topic models. 

 

Pekka et al (2017) carried out a study on an In-home Advanced Robotic System to manage 

Elderly Home-Care Patients‟ Medication. The study examined the safety profile and usability 

of an integrated advanced robotic device and telecare system to promote medication 

adherence for elderly home-care patients. The authors did a good job. However, their 

developed model failed to proffer solution to identified cases of missed doses that were 

followed up in real-time. 

 

Ayman et al (2019) carried out a study on an adaptive intelligent alarm system for wireless 

sensor network. The study proposed a basic and adaptable remote arrange for domestics 

computerization of temperature, moistness, gas, movement and light by executing dependable 

sensor hubs which can be controlled too observed. However, they had a vague result due to 

their simulation and non-implementation with a real hardware sensor device. 

 

Debajyoti et al (2018) analyzed the elderly users‟ adoption of smart home services. The study 

proposed and validated a new comprehensive research model called the elderly smart home 

technology acceptance model by extending the original technology acceptance model that can 
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explain the elderly intention to use the smart-homes. The authors did a good job. However, 

the analysis of their adopted methodology showed that they only simulated the 

implementation, and failed to deploy the work to a real smart home area. 

 

Ashalatha et al (2012) carried out a study on architecture modeling and formal analysis of 

intelligent multi-agent systems. According to the study, modern cyber-physical systems 

usually assume a certain degree of autonomy. The authors did a good job. However, the 

datasets used for training and designing their model was not a hybrid of supervised and 

unsupervised learning techniques which further resulted to latencies in their model 

performance. 

 

Zaki and Abdus (2017) carried out a study of machine learning in wireless sensor network. 

Within the study, a concept of machine learning strategies was suggested. Furthermore, the 

authors carried out investigation to address design issues in wireless sensor networks. The 

authors did a good job. However, the suggested strategies were not tested with a machine-

learning oriented model. 

 

Aderemi et al (2016) looked at the development of smart assistive DTMF home automated 

system for ageing population. The authors designed and implemented a cost-effective smart 

assistive DTMF home automation system that utilizes a tele-remote circuit to control home 

appliances via existing cellular communication networks. The authors did a good job. 

However, the datasets used for training and designing their model was not a hybrid of 

supervised and unsupervised learning techniques which further resulted to latencies in their 

model performance. 

 

Bethany et al (2017) looked at the evolution of smart homes for the elderly. The study 

presented existing technologies in the evolution of smart homes for the elderly where 

development is lacking. In addition, an evaluation on past smart home designs is conducted to 
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determine whether they fulfill the six proposed primary categories. The authors did a good 

job. However, the suggested smart technologies if implemented will lack cost-benefit 

analysis for the mentioned elderlies. 

 

Pavlos and Nikolaos (2011) looked at combining Gaia and JADE for multi-agent systems 

development. The authors presented an enhanced version of a roadmap they had previously 

proposed, concerning how one can implement JADE agents using the Gaia methodology for 

analysis and design purposes. The authors did a good job but failed to implement the 

discussed roadmaps to a machine-learning oriented model for more clarification and 

understanding. 

 

Jamie et al (2017) looked at Healthcare in the Smart Home: a study of past, present and 

future.  The study looked at the history of Smart Home Healthcare, current research areas, 

and potential areas of future investigation. The authors did a good job. However, the 

reviewed history on healthcare was not practically implemented to a model. 

 

Marijke et al (2018) looked at activities of daily living in older community dwelling persons. 

The authors analyzed Electronic databases (Medline, EMBASE, AMED, Psycinfo, 

CINAHL), using MeSH terms and relevant keywords. Studies, published in English, were 

included if they evaluated one or more psychometric properties of ADL instruments in 

community-dwelling older persons aged 60 years and older. The authors did a good job. 

However, they failed to utilize a biometrical approach to the integration of health-related 

electronic databases. 

 

Kabari et al (2020), reviewed several machine learning algorithms and architectures for 

forecasting foreign exchange using the Nigerian Naira in “Machine Learning Algorithmic 

Study of the Naira Exchange Rate”, focusing on comparism of the Nairae exchange rate and 

those of the British Pound, United States Dollars and Euro with data sourced from the 
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Nigerian Central Bank repository with exchange rate of 9 countries from December 2001 to 

September 2019. Prominent amongst the machine learning algorithms implemented are the 

Polynimial Regression and the Recurrent Neural Network (LSTM/ GRU). The analysis of the 

machine learning algorithms deployed was based on their performance in the MSE, RMSE, 

MAE and the coefficient determination respectively. The Polynimial Regression showed a 

MSE of 0.00017, RMSE of 0.0407, MAE of 0.0050 and R-Sqaure of  0.9677  while the RNN 

model (LSTM/GRU) showed MAE of 0.008710, MSE of 0.000317 and RMSE of 0.017005 

respectively. 

 

Basma et al (2014) carried out a study on an Independent Living for Persons with Disabilities 

and Elderly People using Smart Home Technology. The study took a snapshot on the state of 

the art in the smart home technology for elders and disabilities people. Also it proposed a 

new Elders/Disabilities Wireless Smart Home for assistive independent living (E/D-WSH) 

with its approximate cost compared with the Indian home automation market. Their proposed 

system was not backed up with real-time data hardware devices for the discussed smart home 

technology. 

 

Ismail and Erkan (2017) implemented a smart house application using wireless sensor 

networks. In the study, a smart home via smart phones and pcs was explained. In addition, the 

control of electrical and electronic devices in houses and buildings was also scrutinized by 

the authors. The authors did a good job. However, performance evaluation of their developed 

model showed some routing deficiencies.  

 

Toshifumi (2015) carried out a study on In-home Health monitoring system for solitary 

elderly. In the study, the authors proposed a sensor-based monitoring system that evaluates 

the health status of solitary elderly based on daily living activities, and provides forecasts of 

emergency situations to a local nursing center without explicit user interaction. The authors 
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did a good job. However, the implementation carried out by them was only limited to few 

trials. 

 

Heetae et al (2018) carried out a study on IoT Smart Home Adoption. The study examined 

the smart home service features that current users require and empirically evaluates the 

relationship between the critical factors and the adoption behavior with 216 samples from 

Korea. The moderating effect of personal characteristics on behavior is also tested. The 

results of the analysis provide various theoretical and practical implications. However, the 

obtained result from the study was deficient in cost benefit analysis. 

 

Salman et al (2011) looked at Real Time Algorithm for the Smart Home Automation based 

on the Internet of Things. The authors proposed an algorithm for smart home automation 

system based on IoT using sensor nodes which are directly connected to Arduino Nano. The 

authors did a good job but could not further implement with IoT using sensor nodes which 

are directly connected to Arduino Nano. 

 

Dagmawi et al (2019) carried at a study on Reasoning in Multi-agent based smart phones. 

The study examined literature on home systems and provides a comprehensive overview of 

the essential requirements, assumptions, strengths, limitations, challenges and future research 

directions of their proposed reasoning systems. However, the discussed findings from the 

study were not implemented with a machine learning oriented model. 

 

Akshaya et al (2018) looked at Smart Pill Box. The study proposed a mobile application 

called smart pill box which addresses medical issues of the elderly. Smart pill box alerts the 

patient by giving an alarm signal to take the medicines in the correct time. The authors did a 

good job. However, comparative analysis of the Smart Pill Box shows that every user must 

possess a smart phone without which they cannot get pill notifications and communicate with 

pharmacy or their caretaker. 
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Sumit et al (2017) carried at a study on Smart Homes for Elderly Healthcare. The study 

presented a comprehensive review on the state-of-the-art research and development in smart 

home based remote healthcare technologies. The reviewed study on smart homes for the 

elderly healthcare was not implemented to a model for more clarification and understanding. 

 

Quynh et al (2012) looked at Smart Homes for Older People. The study examined the concept 

of smart homes in a technologically driven society. Furthermore, the study discussion was 

focused on challenges in the use of smart homes among older people such as accessibility and 

ethical issues. The authors did a good job. However, their proposed system was not backed 

up with real-time data hardware devices for the discussed smart home technology. 

 

Rameshkumar and Viswanathan (2019); they carried out a study of multi-agent based 

architecture design for wireless Body Area Network Monitoring System. In their study, they 

developed multi-agent system architecture for Patient Monitoring (PM) which leads to the 

provision of reliable and cheap health care for the elderly. However, they failed to implement 

a firewall for embedded security and trust during transmission of health information via 

sensors. 

 

Achim et al (2019) looked at the role of a decision support system in back pain diagnosis. 

The study investigated the concordance of a decision support system and the recommendation 

of spinal surgeons regarding back pain. Furthermore, eleven (11) patients completed the 

decision support system in which their illness was diagnosed by a spinal surgeon. The results 

of the study did not show significant medium relation between the decision support system 

and diagnosis of the medical doctor.  

 

Mohammed et al (2011) researched on the design and implementation of fuzzy expert system 

for back pain diagnosis. The authors produced a Fuzzy Expert System (FES) to diagnosis of 
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back pain disease based on the clinical observation symptoms using fuzzy rules. The clinical 

observation symptoms which processed by fuzzy expert system may be used fuzzy concepts 

to describe that symptoms such as (little, medium, high). There was no adequate comparative 

analysis between their Fuzzy Expert System and other expert systems. 

 

Ekong (2013) looked at a Fuzzy Inference System for Predicting Depression Risk Levels. 

The study described research results in the development of a fuzzy driven system to 

determine the depression risk levels of patients. The system was implemented and simulated 

using MATLAB fuzzy tool box. The result of the system is consistent with an expert 

specialist‟s opinion on evaluating the performance of the system. The author did a good job 

but failed to illustrate the drawbacks of software intelligence that could be capitalized by 

hackers. 

 

Sabreen and Naser (2017) looked at an expert system for diagnosing ankle diseases. The 

authors developed an expert system that is based on the principle of asking the user gradual 

questions about the symptoms he feels, leading him to the result of diagnosing the illness, 

dealing with it quickly, and tips for permanent treatment. These systems may also help both 

trainee physicians and physiotherapists. There were identified latencies during performance 

evaluation of the system. 

 

Matthias et al (2017) looked at Expert System for Medical Diagnosis of Hypertension and 

Anemia. The study implemented a model for diagnosing Hypertension and Anemia using 

Bayesian Network technology which is efficient for modeling real-life problems and 

reasoning under certainties. However, their utilized SQL Database was only limited to 

structured datasets only. 

 

Baki et al (2018) carried out a study on a framework for computer supported outbreak 

detection. The authors described the design and implementation of a computer supported 
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outbreak detection system called Med-C (named after the protagonist of the William Gibson 

novel Neuromancer), or Computer Assisted Search for Epidemics. However, the author failed 

to implement their system with a secured embedded IoT device. 

 

Madhulatha (2012) looked at an overview on clustering methods for disease detection. The 

study covered about clustering algorithms, benefits and its applications. However, analysis of 

the study showed that the author failed to implement the discussed clustering methods to a 

model for further clarification and understanding. 

 

Zhiting et al (2018) looked at the unification of deep generative models. According to the 

authors, “deep generative models have achieved impressive success in recent years. 

Generative Adversarial Networks (GANs) and Variational Autoencoders (VAEs), as 

powerful frameworks for deep generative model learning, have largely been considered as 

two distinct paradigms and received extensive independent studies respectively”. However, 

the authors failed to adopt a supervised learning approach to their designed paradigm for deep 

generative models. 

 

Jungang et al (2015) looked at an overview of deep generative models. The study analyzed 

three important deep generative models including DBNs, deep auto-encoder, and deep 

Boltzmann machine are reviewed. In addition, some successful applications of deep 

generative models in image processing, speech recognition and information retrieval are also 

introduced and analyzed. However, analysis of the study showed that the authors failed to 

adopt a supervised learning approach to their designed paradigm for deep generative models. 

 

David and Graham (2012) researched on design science in decision support systems research. 

According to the authors, “design science has been an important strategy in decision support 

systems (DSS) research since the field‟s inception in the early 1970s”. However, analysis of 
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the study showed that the author failed to implement the discussed decision support system 

methods to a model for further clarification and understanding.  

 

Smita and Patel (2016) looked at a study of graph storage database of NoSQL. The study 

described what is big data storage management, dimensions of big data, types of data, what is 

structured and unstructured data, what is NoSQL database, types of NoSQL database, basic 

structure of graph database, advantages, disadvantages and application area and comparison 

of various graph database. However, the authors failed to implement the discussed big data 

concepts with NoSQL database. 

 

Wasiwasi and Zaipuna (2014) looked at the design and development of web-based digital 

repository for elderly‟s communication. The aim of the study was to design and develop a 

web‐based digital repository for elderly communications using NM‐AIST as a case study. 

The system was developed using open source software. The authors did a good job. However, 

a major limitation of their study is that the developed model was deficient in benchmarking 

and cost benefits analysis.  

 

Ajumi and Kaushik (2018) carried our review of the different techniques and methodologies 

used for the forecasting of foreign exchange rates in “Exchange Rates Prediction via Deep 

Learning and Machine Learning: A Literature Survey on Currency Forecasting”, examining 

the differences between the implementation of deep learning and other machine learning 

techniques in FOREX. An empirical examination of the non-existence of machine learning 

and deep learning algorithms in emerging economies such as the Middle East and Africa, 

where forecasting exchange rates is a herculean task. They go on to say that for developing 

economies, forecasting the performance of the exchange rate market can reduce the risk 

associated with investment, which can be a major hindrance and limitation to the economy; 
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thus, there is a need for machine learning algorithms to be used for early and timely 

forecasting to improve investment and informed decision making. 

 

Ieva et al (2019) presented Deploying Smart Program Understanding on a Large Code Base. 

They argued that new developers face the task of classifying a huge number of files and 

functions without any help. But they could not use semantic classification of all projects 

source codes in the automatic detection of semantic clones at a very large scale as well as 

mining of test script to find hidden links between test cases.  

 

Ieva et al (2018) presented Discovering Program Topoi through Clustering. They stated that 

organizing the code in a more abstract way, closer to humans is an attempt that received 

interest from the software engineering community but unfortunately, there is no recognized 

recipe or tool that can concretely provide any help in dealing with large software repositories. 

However, a major limitation of their study is that the developed model was deficient in 

benchmarking and cost benefits analysis.  

 

Allamanis and Sutton (2013) presented Mining Source Code Repositories at Massive Scale 

using Language Modeling and Multi-agent based system. They built the first giga-token 

probabilistic language model of source code, based on 352 million lines of Java, which they 

argued that it is 100 times the scale of the pioneering work. Although they developed a n-

gram giga-token model but they could not combine it with other probabilistic LMs models to 

achieve better predictions. 

 

Chatley and Jones (2018) presented Diggit: Automated Code Review via Software 

Repository Mining for Health Data. They developed the system as a tool that automatically 

generate code review comments, offering design guidance on prospective changes, based on 

insights gained from mining historical changes in source code repositories. Comments made 

to files that were then later removed from the change were seen as resolved. 
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Thomas (2010) presented Mining Software Repositories for Health Data Management using 

Topic Models. The author proposed the use of statistical topic models to automatically 

discover structure in these textual repositories stating that Software repositories such as 

source code repository contain data that are unstructured, unlabeled and noisy that is difficult 

to analyze with traditional techniques. However, a major limitation of their study is that the 

developed model was deficient in benchmarking and cost benefits analysis.  

 

Rangaswamy and Shobha (2012) presented Optimized Association Rule Mining Using 

Genetic Algorithm. They proposed a system; Optimized Association Rule Mining (OARM) 

that applies genetic algorithm over the rules fetched from apriori association rule mining. But 

they could not improve the client/server interaction in the system by minimize the complexity 

of the genetic algorithm and scanning of database. 

 

Panichella et al (2013) looked at how to effectively use topic models for Software 

Engineering Tasks? An Approach Based on Genetic Algorithms. They proposed a novel 

solution to adapt, conFigureure and effectively use a topic modeling technique, namely 

Latent Dirichlet Allocation (LDA), to achieve better (acceptable) performance across various 

Software Engineering tasks. But they were unable to apply the developed system on other 

software engineering tasks that rely on text analysis using topic models. 

 

Munaiah et al (2017) presented Curating GitHub for Engineered Software Projects. They 

presented a reference implementation of the framework as a tool referred to as Reaper, to 

enable researchers to select GitHub repositories that contain evidence of an engineered 

software project. But there is a limitation in the system; it does not collect dimensions metric 

from a repository, which can induce bias in a selected repository. 
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Bradley and Murphy (2011) presented Supporting Software History Exploration for Home 

Management of the Elderlies. They proposed a user interface, in a tool called Rationalizer 

that integrates historical information into the source code editor, supporting exploration from 

a particular code line to its immediate history. However, the system could not determine the 

relative frequency in real-world development of the types of historical questions was 

identified. 

 

Upadhyaya and Rajan (2018) presented Accelerating Source Code Analysis of Health Data at 

Massive Scale. They proposed a technique that reduces the amount of computation performed 

by the ultra-large-scale source code mining task, especially those that make use of control 

and data flow analyses. But they could not investigate whether the similarity discovered in 

nodes and edges of the reduced control flow graph (RCFG) can be used to run the mining 

task on only unique reduced control flow graphs to yield better results. 

 

Ray et al (2017) presented a Large-Scale Study of Programming Languages and Code 

Quality in Github for Health Information Management. They presented a large-scale study of 

language type and use as it relates to software quality using data extracted from Github 

characterized by its complexity and variation along multiple dimensions. However, they were 

unable to carry out additional survey to quantify the specific effects of language type on 

usage.  

Scheidgen et al (2017) presented Creating and Analyzing Source Code Repository Models: A 

Model-based Approach to Health Information Management. They presented a framework 

called Srcrepo that uses a combination of EMF. But their model does not have support for 

multiple-languages to actually facilitate the use of abstractions and allow us to harness the 

heterogeneity of large scale software repositories. 
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Dyer, et al (2015) proposed a work on Boa: Ultra-Large-Scale Software Repository and 

Source Code Mining for Health Information Management. Their research work addressed 

mining source code at a very large scale; at a fine-grained level of detail; and with full history 

information. Their system does not support semantic differencing to easily track changes in 

each revision of a file, they could not build analysis pipelines into the system and it does not 

support many version control systems and source repositories. 

 

Jaspan et al. (2018) presented a work on Advantages and Disadvantages of a Monolithic 

Repository for Data Management, case study at Google. The paper investigated the relative 

tradeoffs by utilizing a mixed-methods approach. It is a survey of engineers who have 

experience with both monolithic repos and multiple, per-project repos. However, a major 

limitation of their study is that the developed model was deficient in benchmarking and cost 

benefits analysis.  

 

Thongtanunam et al. (2018) worked on Review Participation in Modern Code Review for 

Medical Applications. They stated that Modern Code Review (MCR) has been widely 

adopted in both open source and proprietary projects. However, the datasets used for training 

and designing their model was not trained with machine learning algorithms which further 

resulted to latencies in their model performance. 

 

Abebe and Tonella (2015) presented Extraction of Domain Concepts from the Source Code 

for Health Data Management. They present two approaches that exploit structural and 

linguistic aspects of the source code to extract ontologies. They concluded that filtering out 

the implementation concepts allows the developers to easily navigate and focus on the 

domain concepts, but it was found to reduce the effectiveness of queries used in concept 

location.  
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Woosung and Chisu (2012) looked at a survey on mining software repositories for health data 

management. The study presented fundamental concepts, overall process and recent research 

issues of Mining Software Repositories. However, the authors failed to implement the 

surveyed mining software repositories with a machine learning model which would have 

provided more clarification and understanding. 

 

Ahmed and Tao (2010) in the paper “Software Intelligence (SI): The Future” centered on 

modern software engineering research, practice, and education advocates for Software 

Intelligence (SI) as the future of mining software engineering data. They coined the term SI 

as a nod to the Business Intelligence (BI) field, which provides concepts and techniques for 

improving business decision making through the use of fact-based support systems. 

Similarly, SI provides up-to-date and relevant information to software practitioners (not just 

developers) to support their daily decision-making processes. SI should support decision-

making processes throughout a software system's life cycle, not just during development. The 

SI vision has yet to become a reality, allowing software engineering research to have a 

significant impact on modern software practice. Nonetheless, recent advances in the field of 

Mining Software Repositories (MSR) show great promise and provide strong support for 

implementing SI in the near future. The authors did a good job but failed to illustrate the 

drawbacks of software intelligence that could be capitalized by hackers. 

 

George et al (2018) researched on finding trends in software research. The study explored the 

structure of research papers in software engineering. The authors examined 35,391 software 

engineering (SE) papers from 34 leading SE venues over the last 25 years using text mining. 

These venues were nearly evenly divided between conferences and journals. This analysis is 

important because it is fully automated and repeatable. LDADE was deployed, a stable topic 

modeling technique that fully automates parameter tuning in LDA, to achieve that 

automation. Using LDADE, we mine 11 topics that represent a large portion of the structure 
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of modern SE. The 11 topics they presented was not be considered "set in stone" as the only 

topics worthy of study in SE. Rather, the goal was to report that (i) text mining methods can 

detect large scale trends within our community; (ii) those topics change over time; and (iii) it 

is critical to have automatic agents that can update our understanding of our community 

whenever new data arrives. The drawback of the paper was that here was no sufficient 

comparative analysis of their discussed trends with other related works. 

 

Tamer et al (2015) in “Software Analytics (SA) to Software Practice: A Systematic Literature 

Review” posits that Software Analytics (SA) is a relatively new subfield of big data analytics 

(2011). SA differs from direct software analysis in that it connects data mined from various 

software artifacts to obtain useful insights. These insights can help with decision-making 

throughout the software lifecycle. Because SA is a hot and promising topic right now, we 

conducted a systematic literature review, which we present in this paper, to identify 

knowledge gaps and open research areas in SA. The available SA research work is still in its 

early stages, so there is plenty of room for future SA research. Because many researchers are 

still unsure about SA's true potential, they had to sift through available research papers to find 

the most SA-relevant work for our review. This filtration produced 19 studies from a total of 

135. This systematic review was based on four main factors: which software practitioners SA 

targets, which domains are covered by SA, which artifacts are extracted by SA, and whether 

or not these artifacts are linked. According to the findings of our review, much of the 

available SA research only serves the needs of developers. Furthermore, much of the 

available research employs only one artifact, resulting in fewer links between artifacts and 

fewer insights. The authors did a good job. However, they were unable to carry out additional 

survey to quantify the specific effects of Software Analysis to Software Practice.  

 

Smith et al (2016) looked at Software Citation Principles. The authors presented the study as 

a set of software citation principles, a discussion of the motivations for developing the 
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principles, reviews of existing community practice, and a discussion of the requirements 

these principles would place upon different stakeholders. However, the authors failed to 

implement the discussed Survey Citation Principles with a machine learning model which 

would have provided more clarification and understanding. 

 

Manjunatha and Thandavamoorthy (2011) researched on researchers‟ attitude towards 

depositing in institutional repositories of universities in Karnataka (India). The study 

explored researchers‟ attitude towards deposit to open access institutional repositories as a 

mode of scholarly publishing. However, the humanities and social science researchers are 

found to have a low level awareness of the institutional repository but were interested in 

contributing their research work to the University Institutional Repository and have a positive 

attitude towards providing free access to scholarly research results of their University. 

 

Najafabadi et al (2015) looked at Deep Learning Applications and Challenges in big data. 

The authors explored how Deep Learning can be utilized for addressing some important 

problems in Big Data Analytics, including extracting complex patterns from massive volumes 

of data, semantic indexing, data tagging, fast information retrieval, and simplifying 

discriminative tasks. However, the authors failed to implement the surveyed issues of deep 

learning and big data with a machine learning model which would have provided more 

clarification and understanding. 

 

Raffaele et al (2020) looked at Artificial Intelligence and Machine Learning Applications in 

Smart Production: Progress, Trends and Directions. The study was designed to conduct a 

systematic review of the scientific literature on the application of artificial intelligence and 

machine learning (ML) in industry. And with the advent of Industry 4.0, artificial intelligence 

and machine learning are regarded as the driving forces behind the smart factory revolution. 

The goal of the research was to review was to categorize the literature by publication year, 
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authors, scientific sector, country, institution, and keywords. The Web of Science and 

SCOPUS databases were used for the analysis. They were also completed using UCINET and 

NVivo 12 software. A review of the literature on ML and AI empirical studies published in 

the last century was conducted to highlight the evolution of the topic prior to and after the 

introduction of Industry 4.0, from 1999 to now. A total of 82 articles were reviewed and 

classified. However, the major drawback of the study is that the reviewed issues were 

deficient in benchmarking and cost benefits analysis.  

 

Yogesh et al (2020) in their paper titled “A Review of Studies on Machine Learning 

Techniques” provided an extensive review and contribution of Machine learning to support 

expert estimation research by making it easier for other researchers to conduct relevant expert 

estimation studies using machine-learning techniques. This paper further discuss the most 

commonly used machine learning techniques in the field of software development, including 

neural networks, case-based reasoning, classification and regression trees, rule induction, 

genetic algorithms, and genetic programming. In each of our studies, we discovered that the 

outcomes of various machine-learning techniques vary depending on the application areas in 

which they are used. Our review of research not only suggests that these techniques are 

competitive with traditional estimators on a single data set, but it also shows that these 

methods are sensitive to the data on which they are trained. However, the datasets used for 

training and designing their model was not trained with machine learning algorithms which 

further resulted to latencies in their model performance. 

 

Sirait and Simatupang (2019) used Monte Carlo Simulation to forecast the value and value-

at-risk of the Indonesian Rupiah (IDR) against the Europian Union Euro (EUR), Japanese 

Yen (JPY), US Dollars (USD), and Australian Dollars (AUD). The goal of the work is to 

determine the relationship between the various currencies and the value of the currency at 

risk in relation to the interaction and relationship established. The estimated value at risk 
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(VaR) was within the range of 90 percent, 95 percent, and 99 percent confidence intervals 

using the copula method because the Clayton copula methodology used compared to the 

Franl and Gumbel copula methodology has a very high log-likelihood and the characteristics 

of the exchange rate in seasonal and non-seasonal patterns were determined using regression 

m. The resulting output shows a very high simulation loss in relation to the JYP/IDR and 

EUR/IDR, with the risk value estimated in each confidence interval. 

 

Ayon (2016) looked at Machine Learning Algorithms: A Review. In the study, various 

machine learning algorithms were discussed. The algorithms were used for various purposes 

like data mining, image processing, predictive analytics, etc. to name a few. However, the 

authors failed to implement the reviewed machine learning algorithms with a machine 

learning model which would have provided more clarification and understanding. 

 

Kajaree and Rabi (2017) in “A Survey on Machine Learning: Concept, Algorithms and 

Applications” posits that over the last few decades, Machine Learning (ML) has evolved 

from a hobby of a few computer enthusiasts exploring the possibility of computers learning to 

play games, and a branch of Mathematics (Statistics) that rarely considered computational 

approaches, to an independent research discipline that has not only provided the necessary 

foundation for statistical-computational principles of learning prowess, but has also provided 

the necessary foundation for statistical-computational principles of learning prowess. The 

paper elucidated the concept and evolution of Machine Learning, as well as some of the most 

popular Machine Learning algorithms, and attempting to compare three of the most popular 

algorithms based on some fundamental concepts. The Sentiment140 dataset was used, and the 

performance of each algorithm in terms of training time, prediction time, and predict ion 

accuracy was documented and compared. However, they were unable to carry out additional 

survey to quantify the specific effects of language type on usage.  
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Adewole et al (2011) in “Artificial Neural Network Model for Forecasting Foriegn Exchange 

Rate”, was able to reveal the limitation and inability of the statistical model deplyed for the 

prediction and forcast in the foreign excahnge market and consequently proposed an artificial 

neural network model for the forecasting forex to correct the identified limitations in the 

previously used statistical model. The proposed model deployed the back propagation 

algorithm for the training of the model and a sigmoid activation function with a learning rate 

between -0.1 to 0.1 to ensure accurateness and consistency between the training and the target 

output. The model which is a multilayered perceptron was enhanced with the Feed forward 

neural network for the back propagation algorithm using dataset from Oando site as input to 

evaluate the predictive efficiency of the model. The result from the system showed an 

accuracy 81.2% against the Hidden Markov model for forex prediction which showed an 

accuracy of 69.9%. The efficiency of the model as compared to the Markov Model is a 

differnce of 12.3% accuracy above the latter.  

 

Chandar et al (2015), declares that the largest selling markt in the world is the foreign 

exchange market as it continually deals with the uncertainties in the market selling one 

currency or the other. They proposed an artificial neural network model in their paper” 

Forecasting of Foreign Currency Exchange Rate Using Neural Network” using various 

training algortihms to make predictions on the Indian Rupee as against the British Pound 

Sterling, Euro, US Dollar and the Japanese Yen using histoical time series data comprising of 

820 foreign exchange rates of the different currencies compared. The model predictive 

forecast was further assessed and compared using statistical metrics with a result that proved 

the model delivered an enhanced methodology for the predictive forecast of exchange rate. 

The neural network algorithms tested includes batch gradient descent (GD), batch gradient 

descent with momentum (GDM), Variable Learning Rate Back-propagation (GDA), Resilient 

Back propagation (RB) and the Levenberg-Marquardt (LM) respectively. The model was 
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designed and tested in MATLAB 7 with exchange rate data of 1205 days period using 805% 

of the data for training and 20% for model evaluation and the different algorithms deployed 

in the model showed and RMSE ranging from 0-1328 – 0.0331, MAE from 0.1109 – 0.0085 

and the MAPE from 3.451 – 0.570. The Levenberg-Marquardt had a quicker convergence 

rate with a the smallest RMSE, MAE and MAPE of 0.03, 0.0085 and 0.570 for the Japanese 

Yen. 

 

Saptarshi et al (2019) looked at a Review of Deep Learning with special Emphasis on 

Architectures, Applications and Recent Trends. According to the study, “Deep learning has 

solved a problem that as little as five years ago was thought by many to be intractable – the 

automatic recognition of patterns in data; and it can do so with accuracy that often surpasses 

that of human beings. However, the authors failed to implement the reviewed deep learning 

concepts with a machine learning model which would have provided more clarification and 

understanding. 

 

Fergus et al (2020) looked at Deep Generative Models for 3D Linker Design. The authors 

developed a novel graph-based deep generative model that combines state-of-the-art machine 

learning techniques with structural knowledge. Their method (“DeLinker”) takes two 

fragments or partial structures and designs a molecule incorporating both. The authors did a 

good job. However, there was no adequate comparative analysis and performance evaluation 

of their developed generative model for 3D Linker Design with other models.  

Sanchez et al (2018) looked at Inverse Molecular design using Machine Learning: Generative 

Model for Matter Engineering. The study reviewed methods for achieving inverse design, 

which aimed at discovering tailored materials from the starting point of a particular desired 

functionality. However, a major limitation of their study is that the developed model was 

deficient in benchmarking and cost benefits analysis.  
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Hyojung et al (2020) researched on Deep Generative Models-Based Anomaly Detection for 

SpaceCraft Control Systems. The authors proposed a method for detecting anomalies and 

characterizing failures for spacecraft attitude control systems is proposed. Herein, features 

were extracted from multi-dimensional time-series data of a simulation of the attitude control 

system. However, the datasets used for training and designing their model was not a hybrid of 

supervised and unsupervised learning techniques which further resulted to latencies in their 

model performance. 

 

Ruslan (2015) looked at Learning Deep Generative Models. According to the authors, 

building intelligent systems that are capable of extracting high-level representations from 

high-dimensional sensory data lies at the core of solving many artificial intelligence–related 

tasks, including object recognition, speech perception, and language understanding. However, 

the author was unable to carry out additional survey to quantify the specific effects of 

language type on usage.  

 

Tameem et al (2018) looked at discovering interpretable representations for both deep 

generative and discriminative models. The study proposed two interpretability frameworks. 

First, they provided an interpretable lens for an existing model. They used a generative model 

which takes as input the representation in an existing (generative or discriminative) model, 

weakly supervised by limited side information. However, a major limitation of their study is 

that the developed model was deficient in benchmarking and cost benefits analysis.  

 

Eric et al (2019) Modeling the density of the input features can be used to detect novel, out-

of-distribution inputs, and generative models are widely regarded as being robust to such 

mistaken confidence. This assumption is challenged in this paper. We discover that flow-

based models, VAEs, and PixelCNNs cannot distinguish images of common objects like 

dogs, trucks, and horses (i.e. CIFAR-10) from those of house numbers (i.e. SVHN), assigning 
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a higher likelihood to the latter when trained on the former. Furthermore, we find evidence of 

this phenomenon when comparing FashionMNIST vs MNIST, CelebA vs SVHN, and 

ImageNet vs CIFAR-10 / CIFAR-100 / SVHN. They focused their analysis on flow-based 

generative models in particular because they are trained and evaluated using the exact 

marginal likelihood. Such behavior is observed even when the flows are restricted to 

constant-volume transformations. However, they were unable to carry out additional survey 

to quantify the specific effects of language type on usage.  

Danilo et al (2016) looked at One-Shot Generalization in Deep Generative Models. The 

authors developed machine learning systems with this important capacity by developing new 

deep generative models, models that combine the representational power of deep learning 

with the inferential power of Bayesian reasoning. The authors did a good job, but failed to 

carry out an adequate comparative analysis of their model with other related models. 

 

Nan et al (2019) researched on a deep generative model for producing high quality sketches. 

The authors introduced AI-Sketcher, a deep generative model for generating high-quality 

multiclass sketches. Their model improved drawing quality by employing a CNN-based 

autoencoder to capture the positional information of each stroke at the pixel level. It also 

introduces an influence layer to more precisely guide the generation of each stroke by directly 

referring to the training data. However, a major limitation of their study is that the developed 

model was deficient in benchmarking and cost benefits analysis.  

 

Sheta et al. (2015) identified the foreign exchange market as unstable and volatile due to 

some market forces in their paper titled “Predicting Stock Market Exchange Prices for the 

Reserve Bank of Australia Using Auto-Regressive Feedforward Neural Network Model,” 

stating that predicting the market is a huge task that must be done to gain investors' 

confidence to invest. The market's volatility can also be attributed to various economic 
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indicators such as government policies, investor expectations, and other uncertainties such as 

cross-border conflicts, terrorism, and global outbreaks of epidemics or pandemics. The paper 

went on to use an artificial neural network ANN and a linear regression LR model with data 

from the Australian Reserve Bank from January 2010 to December 2013, achieving a 

prediction accuracy of 67.03 percent and a loss of 33.07 percent, respectively. 

Sangeun et al (2019) looked at Deep Generative Design: Integration of Topology 

Optimization and Generative Models. The study proposed an artificial intelligent (AI)-based 

deep generative design framework that is capable of generating numerous design options 

which are not only aesthetic but also optimized for engineering performance. The proposed 

framework integrates topology optimization and generative models (e.g., generative 

adversarial networks (GANs)) in an iterative manner to explore new design options, thus 

generating a large number of designs starting from limited previous design data. In addition, 

anomaly detection can evaluate the novelty of generated designs, thus helping designers 

choose among design options. The authors did a good job but failed to illustrate the 

drawbacks of software intelligence that could be capitalized by hackers. 

 

Ruud and Guillaume (2019) looked at deep generative model for sparse graphs using text-

based learning with augmentation in generative examination networks. According to the 

study, “Graphs and networks are a key research tool for a variety of science fields, most 

notably chemistry, biology, engineering and social sciences. But they were unable to apply 

the developed system on other software engineering tasks that rely on text analysis using 

topic models. 

 

Adam et al (2017) looked at deep generative models of genetic variation capture mutation 

effects. The study presented a new probabilistic model for sequence families, Deep Sequence, 

which can predict the effects of mutations across a variety of deep mutational scanning 

experiments significantly better than site independent or pairwise models that are based on 
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the same evolutionary data. The model, learned in an unsupervised manner solely from 

sequence information, is grounded with biologically motivated priors, reveals latent 

organization of sequence families, and can be used to extrapolate to new parts of sequence 

space. However, the datasets used for training and designing their model was not trained with 

machine learning algorithms which further resulted to latencies in their model performance. 

 

Fred et al (2019) looked at a deep generative approach to search extrapolation and 

recommendation. The study proposed a novel two-stage learning framework that partitions 

the task into two simpler sub-problems, namely, relevant context words discovery and 

context dependent query generation. They carefully designed a Relevant Words Generator 

(RWG) based on recurrent neural networks and a Dual-Vocabulary Sequence-to-Sequence 

(DV-Seq2Seq) model to address these problems. However, a major limitation of their study is 

that the developed model was deficient in benchmarking and cost benefits analysis.  

 

In the paper titled “Accurate Forecasting Prediction of Foreign Exchange Rate Using Neural 

Network Algorithms: A Study”, Divyapriya and Chezhian (2013) proposed a neural network 

model for forecasting the foreign exchange market in order to assess the efficiency of the 

existing neural network model for forex prediction. They posits that knowledge discovery 

techniques such as decision tree induction, Bayesian networks, K-Nearest Neighbours, and 

others could be used to discover some unknown class of data relevant for market 

classification and subsequent forecasting. Because of the back propagation algorithm used, 

the neural network model demonstrated high predictive accuracy. 

 

Ziheng et al (2017) looked deep generative models of urban mobility. The study described a 

modeling framework that supports most common transportation planning tasks, delivering 

actionable solutions at a fraction of time and cost as compared to the state of practice. But 
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their model does not have support for multiple-languages to actually facilitate the use of 

abstractions and allow us to harness the heterogeneity of large scale software repositories. 

 

John et al (2019) researched on Generative Models for graph-based protein design. The study 

introduced conditional language models for protein sequences that directly condition on a 

graph specification of the target structure. Furthermore, the authors‟ approach efficiently 

captures the complex dependencies in proteins by focusing on those that are long-range in 

sequence but local in 3D space. Their framework improves in both speed and reliability over 

conventional and neural network-based approaches, and takes a step toward rapid and 

targeted biomolecular design with the aid of deep generative models. However, a major 

limitation of their study is that the developed model was deficient in benchmarking and cost 

benefits analysis.  

 

Xiaoan and Kevin (2019) looked at Latent-Variable Generative Models for Data Efficient 

Text Classification. The authors improved generative text classifiers by introducing discrete 

latent variables into the generative story, and explore several graphical model 

conFigureurations. Furthermore, they parameterized the distributions using standard neural 

architectures used in conditional language modeling and perform learning by directly 

maximizing the log marginal likelihood via gradient-based optimization, which avoids the 

need to do expectation-maximization. But their model does not have support for multiple-

languages to actually facilitate the use of abstractions and allow us to harness the 

heterogeneity of large scale software repositories. 

 

Amir et al (2019) looked at list of deep learning models. According to the study, Deep 

learning (DL) algorithms have recently emerged from machine learning and soft computing 

techniques. Since then, several deep learning (DL) algorithms have been recently introduced 

to scientific communities and are applied in various application domains. However, the 
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discussed deep learning algorithms were not implemented with a model for further 

clarification and understanding. 

 

Vaibhav and Garg (2018) looked at Deep Learning as a Frontier of Machine Learning: A 

Review. In recent years, there is a revolution in the applications of machine learning which is 

because of advancement and introduction of deep learning. With the increased layers of 

learning and a higher level of abstraction, deep learning models have an advantage over 

conventional machine learning models. There is one more reason for this advantage that there 

is a direct learning from the data for all aspects of the model. However, they were unable to 

carry out additional survey to quantify the specific effects of deep learning model type on 

usage.  

 

Athanasios et al (2017) looked at Deep Learning for Computer Vision: A Brief Review. The 

study provided a brief overview of some of the most significant deep learning schemes used 

in computer vision problems, that is, Convolutional Neural Networks, Deep Boltzmann 

Machines and Deep Belief Networks, and Stacked Denoising Autoencoders. A brief account 

of their history, structure, advantages, and limitations is given, followed by a description of 

their applications in various computer vision tasks, such as object detection, face recognition, 

action and activity recognition, and human pose estimation. However, the discussed deep 

learning algorithms were not implemented with a model for further clarification and 

understanding. 

 

Mel et al (2012) looked at Experimental Assessment of Software Metrics using automated 

refactoring. The study proposed a novel experimental technique, based on search-based 

refactoring, to assess software metrics and to explore relationships between them. The goal of 

the study was not to improve the program being refactored, but to assess the software metrics 

that guide the automated refactoring through repeated refactoring experiments. The authors 
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did a good job but failed to illustrate the drawbacks of software intelligence that could be 

capitalized by hackers. 

 

Sahabi and Suleiman (2018) reviewed the various areas of application artificial neural 

network and then conducted a comparative study in “A Comparative study of Back 

Propagation Algorithm in Neural Network with Box and Jenkins Approach” for 

implementation in forecasting of Naira and US Dollar foreign exchange rates. The Box-

Jenkins ARIMA time series model and the artificial neural network model were used to 

analyze and predict historical data from the Central Bank of Nigeria repository from January 

1991 to June 2018. The analytic examination demonstrated that ARIMA (2, 1, 3) was 

appropriate; however, regardless of the suitability of the ARIMA model, the ANN 

outperformed the former and could also be improved for better performance when trained 

with the Levenberg-Marquardt (LM) and will provide better forecasts than the ARIMA 

model with a minimal MSE. 

  
Agbotiname et al (2019) in the paper “Overview of Software Reuse and Metrics in Software 

Engineering” focused on the importance of software reuse and metrics in software 

engineering. Software reuse is the process of reusing parts or all of an existing software 

system, architecture, or methodology to develop new software, potentially with different 

functionality. Software reuse metrics involve the different methods of ensuring that the reuse 

components are of the right quality, and reuse metrics serve to expose and predict the defects 

in the reusable process. Furthermore, the authors also introduced the concept of software 

reuse while exploring its merits and demerits, the types, and the impact of software reuse. 

However, the authors failed to implement the overviewed issue with a machine learning 

model which would have provided more clarification and understanding. 
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Harinder and Raveen (2014) looked at Identification of Software Rot using range control 

limit. The authors developed a threshold algorithm that helps to differentiate the metrics 

values into four categories for identification of degree for software rot that might occur in life 

cycle of software project been build, development and release based on agile development 

model. Their algorithm made use of dynamic range values for each metric rather than using 

simply mean for calculating multiple deviations for degree of software rot. As a result from 

the algorithm they could infer how much prone software project is leading to software rot or 

near amendment of software project. The authors did a good job but failed to illustrate the 

drawbacks of software intelligence that could be capitalized by hackers. 

 

Shafagat (2019) looked at Analysis of Software Performance Enhancement and Development 

of Algorithm for IoT communication. The study provided information about software 

performance. The software performance is analyzed and problems are explored. 

Mathematical and engineering approaches and models for solving performance issues are 

highlighted. The ways to increase software performance are explained. Importance of 

considering a number of factors in this area is emphasized. Performance of employees in 

enterprises is compared and an algorithm is developed for its enhancement. But they were 

unable to apply the developed system on other software engineering tasks that rely on text 

analysis using topic models. 

 

Nasution  and Agah (2000), in “Currency Exchange Rate Forecasting with Neural Networks” 

proposed the use of neural network for making predictive forecast of the foreign exchange as 

it represents a substantial iprovement on the conventional trading in foreign exchange that 

requires professionals to determine the trading guideline as it is not possible for a single 

individual or professional to ascetain the accuracy of this ever evolving and volatile market. 

They further emphasises that the implementation neural network in the forex traders and 

investors would leverage on the predictive analysis and result using time series data to make 
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informed investment decision and minimize the associated risk as finiacial information which 

are massive in nature can be easily analyzed and used to forecast the current reality in the 

market. In the paper neural network was deployed for the forecast of the Japanese Yen 

against the United States Dollar. The model was developed using MATLAB and trained with 

250,000 dataset and model accuracy was recorded at 0.964 and average percentage error of 

0.8433 respectively.  

 

Nelson et al (2019) looked at the development of computer-aided design software for the 

qualitative evaluation of aesthetic damage. The goal was to develop computer-aided design 

software for aesthetic damage quantification/evaluation that could be accessed via the 

internet and used as a supplement to a report on body aesthetic damage. The AIPE method is 

used as a parameter in the software, which has been transculturally translated from Spanish to 

Portuguese and English. The current study enabled the development of open-source auxiliary 

software for assessing corporal aesthetic damage. Its use is made easier by intuitive and 

interactive filling, and the user can customize the text. It converts the report to PDF and saves 

all previous evaluations in its own file. Encryption was also deployed to increase security and 

confidentiality of information. However, a major limitation of their study is that the 

developed model was deficient in benchmarking and cost benefits analysis.  

 

Magne and Martin (2007) researched on a systematic review of software development cost 

estimation studies. The study provided a basis for the improvement of software estimation 

research through a systematic review of previous work. However, they were unable to carry 

out additional survey to quantify the specific effects of language type on usage.  

 

Sokappadu et al (2016) reviewed Software Maintenance Problems and Proposed Solutions in 

I.T. consulting firms in Mauritius. The study shed light on the various problems and 

challenges encountered by IT consulting firms in Mauritius during their software 
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maintenance phase. A cause-analysis diagram was used to illustrate the various problems 

along with their root causes. The reviewed software maintenance problem in the study was 

not implemented to a machine learning model which would have provided more clarification 

and understanding. 

 

According to Rehman et al (2014), in their paper "Foreign Currency Exchange Rates 

Prediction Using CGP and Recurrent Neural Network," the volatility in the foreign exchange 

market has made it difficult and arduous to successfully predict the trend in currency trading, 

regardless of the currency involved, because it remains unpredictably unstable. Neuro-

evolution and Recurrent Cartesian Genetic Programming are two areas of artificial 

intelligence that have been used for this type of predictive forecasting of foreign exchange 

over time because they have validated computation models with high efficiency and 

predictive accuracy for foreign exchange prediction. After reviewing the market for one 

thousand (1000) days and using historical data to predict the rate of five other currencies 

against the Australian Dollar, their work combined the above algorithms for foreign exchange 

prediction with an accuracy of 98.872 percent. Furthermore, a comparative analysis was 

performed to determine the accuracy of the computational model versus the traditional 

statistical metrics approach, and the computational model outperformed the statistical model 

on multiple fronts, including flexibility and feature selection capabilities. 

 

Ajay et al (2013) in the paper titled “An Empirical evidence of code decay in health 

information systems: A systematic mapping study” posits that code decay is a slow process 

that degrades the quality of a software system. To determine whether their systems have 

decayed, developers require reliable measurement techniques. The study seeks to discover 

what is currently known about code decay detection techniques and metrics used to assess 

decay. To determine which techniques and metrics have been empirically evaluated, we 

conducted a systematic mapping study. To identify 30 primary studies with empirical 
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evidence of code decay, a review protocol was developed and followed. They divided 

detection methods into two categories: human-based and metric-based approaches. We 

describe the characteristics of each approach and differentiate between several subcategories 

of both high-level groups. There is also a table with a summary of code decay metrics. They 

exclude studies that do not consider time (i.e., do not compare multiple software versions) 

when evaluating code decay. This constraint helps to narrow the scope of the examination. 

We discovered that coupling metrics are the most commonly used to detect code decay. 

Researchers define code decay using a variety of terms, and we recommend further research 

to operationalize the terms in order to provide more consistent analysis but the mapped study 

was not implemented to a machine learning model which would have provided more 

clarification and understanding. 

 

Rajeev et al (2014) looked at Software Security Durability. The study discussed the definition 

and classification of existing security factors. Durability is an attribute of security that refers 

to the ability to execution of a product on time. For software, identified that security factors 

are affected with durability and discussed about software security factors with object-oriented 

design properties and how it can be done.  However, they were unable to carry out additional 

survey to quantify the specific effects of language type on usage.  

Rajeev et al (2015) researched on Revisiting Software Security: Durability Perspective. The 

authors discussed the description and categorization of accessible security properties. 

Durability is an attribute of security that refers to the capability of software to conclude of a 

creation on time. Software security is affected with security attributes as well as durability. A 

stable state of the secure software enhances additional security. The reviewed software 

security issues discussed in the study was not implemented to a machine learning model 

which would have provided more clarification and understanding. 
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Yao and Tan (2000) in “A case study on using neural networks to perform technical 

forecasting of forex” stated that it is relevant to implement and deploy neural network model 

for the prediction of exchnge rate in the Forex emphasising that time series indicators like 

moving agerave whenfed into the model will help to in the exractioin of underlying rules and 

feature in the movement of the currency rate. The model developed was implemented for the 

predictive forecast of five major global currencies which includes the Japanese Yen, Swiss 

Franc, British Pound, Dutch Mark and the Australian Dollar respectively.  The model made 

valuable prediction without thoroughly using some key market data predicting significant 

profit margin for investors for out-of-sample data. Furthermore, the model profitability is 

inhibited using some key market indicators for time series data between the Swiss Franc and 

the Australian Dollar with high level accuracy and low error margin. 

 

Kaushik and Giri (2020) states that economic development in the 21
st
 century is tied to the 

ability for businesses to accurately predict the future of their business interest. Prediction in 

foreign exchange is one key economic feature that when done accurately can improve the 

economic wellbeing of both the businesses and national economy insisting that computational 

intelligence methodologies have proven to be of immense advantage in the forecasting 

process for macroeconomic analysis and predictions. They therefore proposed a multivariate 

time series paradigm for foreign exchange forecasting for the United State Dollar (USD) and 

Indian Rupee (INR). Conducting a comparative study of the traditional econometric 

techniques and the machine learning algorithms they deployed VAR, SVM and RNN 

respectively using historical data of several econometric variables from April 1994 to 

December 2018 from the United States and India to make prediction on the foreign exchange 

rate of both currencies. The result obtained shows that the machine learning algorithms 

outperformed the traditional econometric techniques with the following output. The RNN 
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(LSTM) model indicated an accuracy of 97.83%, the SVM 97.17% while the VAR model 

produce a 96.31% accuracy. 

 

Triet et al (2020) looked at Deep Learning (DL) for Source Code Modeling and Generation: 

Models, Applications and Challenges. The authors provided a comprehensive review to 

categorize and investigate existing DL methods for source code modeling and generation. To 

address the limitations of the traditional source code models, they formulated common 

program learning tasks under an encoder-decoder framework. However, a major limitation of 

their study is that the developed model was deficient in benchmarking and cost benefits 

analysis.  

 

Ranjit et al. (2018) assert in their paper “Foreign Rate Exchange Prediction Using Neural 

Network and Sentiment Analysis” that the importance of the foreign currency exchange 

market in managing international financial trade cannot be overstated in the determination of 

a country's fiscal and economic policy because it entails the management of large volumes of 

transactions in the global financial market. The need for an algorithm in the process is 

therefore a major concern in terms of the market's efficiency and relevance to the economy.  

They proposed an algorithm to improve market prediction of foreign exchange using an 

artificial neural network and sentiment analysis, with the neural network consisting of a 

number of neurons in the input, hidden, and output layers, which is one of the most accurate 

and efficient methods. When combined with the Nave Bayes and lexicon-based algorithms, 

the model produced a Root Mean Square Error (RMSE) of 0.0034 and an accuracy of 90.625 

percent. 

Jakub and Bruno (2018) researched on a large-scale study on source-code reviewer 

recommendation. Software code reviews are an important part of the development process, 

leading to better software quality and reduced overall costs. However, finding appropriate 

code reviewers is a complex and time-consuming task. 
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Vincent and Premkumar (2017) looked at Deep Neural Networks, the best choice for 

modeling source code. The study enhanced established language modeling approaches to 

handle the special challenges of modeling source code, such as: frequent changes, larger, 

changing vocabularies, deeply nested scopes, etc. In addition, the authors present a fast, 

nested language modeling toolkit specifically designed for software, with the ability to add 

and remove text, and mix and swap out many models. However, a major limitation of their 

study is that the developed model was deficient in benchmarking and cost benefits analysis.  

 

Michele et al (2018) looked at deep learning similarities from different representations of 

source code. Assessing the similarity between code components plays a pivotal role in a 

number of Software Engineering (SE) tasks, such as clone detection, impact analysis, 

refactoring, etc. Code similarity is generally measured by relying on manually defied or 

hand-crafted features, e.g., by analyzing the overlap among identifiers or comparing the 

Abstract Syntax Trees of two code components.  However, they were unable to carry out 

additional survey to quantify the specific effects of language type on usage.  

 

Vidhya and Khushboo (2017) looked at a comparative study of static, dynamic and hybrid 

analysis techniques for android malware detection. The study emphasized on different types 

of android malware analysis techniques such as static analysis, dynamic analysis and hybrid 

analysis (combination of static and dynamic analysis). But their model does not have support 

for multiple-languages to actually facilitate the use of abstractions and allow us to harness the 

heterogeneity of large scale software repositories. 

 

Shifu et al (2018) looked at Making Evasion Harder: An Intelligent Android Malware 

Detection Software. The authors represented Android applications (apps), related APIs, and 

their rich relationships as a structured heterogeneous information network (HIN). 

Furthermore, they used a meta-path based approach to characterize the semantic relatedness 
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of apps and APIs. They also used each meta-path to formulate a similarity measure over 

Android apps, and aggregate different similarities using multi-kernel learning to make 

predictions. Promising experimental results based on real sample collections from Comodo 

Cloud Security Center demonstrate that their developed system. However, a major limitation 

of their study is that the developed model was deficient in benchmarking and cost benefits 

analysis.  

 

Nathan et al (2014) looked at Cost-based Query Optimization via AI Planning. The authors 

revisited the problem of generating query plans using AI automated planning with a view to 

leveraging significant advances in state-of-the-art planning techniques. Their efforts focused 

on the specific problem of cost-based join-order optimization for conjunctive relational 

queries, a critical component of production-quality query optimizers. However, the datasets 

used for training and designing their model was not trained with machine learning algorithms 

which further resulted to latencies in their model performance.  

 

Kabari and Maccarthy (2019), opines that exchange rate volatility is a good indicator for 

keeping an eye on Nigerian currency, and it has always been a key economic indicator for 

keeping Nigeria and her economy growing. Linear regression is an excellent statistical tool 

for determining, predicting, and assessing whether there is an abnormal correlation and 

dependence between numerical variables. This study looks into the instabilities in the 

exchange rates of five currencies: the European Euro, the British Pound, the Saudi Riyal, the 

Swiss Franc, and the Nigerian Naira, with a focus on the Naira. This was done to see if 

changes in other countries would affect the Naira's exchange rate. These countries' stable and 

fluctuating exchange rates were examined and used to plot a digital signal structure. The 

daily exchange rate of five currencies (Euro, Pounds, Riyal, Swissf, and Naira) from October 

12, 2005 to October 2, 2018 was obtained CBN website. The researchers used the linear 
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regression tool on our source data and the equation for prediction on our coefficients to 

predict the exchange rate for Naira in 2025, which gave us N311.076. Their model‟s rate of 

accuracy (R2) and coefficient were used to forecast the Nigerian exchange rate for 2025. The 

99 percent accuracy rate of our model demonstrates that it is perfect, and the results of this 

study indicate that the exchange rate of other countries affects the Naira. 

 

Jerzy et al, (2016); the authors looked into the fundamental analysis in the multi-agent trading 

system. Their study presented issues related to developing methods for fundamental analysis 

used to expand capabilities of multi-agent trading system, to better predict the financial 

market. The fundamental analysis indicators can be used as confirmation of decisions 

generated by other strategies of the system. 

 

Alfa et al, (2016); the authors looked into analysis of fuzzy and neural networks expert 

systems in forecasting stock prices. Their study analyzed the forecasting capabilities of two 

widely deployed expert systems, fuzzy and neural networks. Furthermore, the authors also 

illustrated that companies and enterprises shares doing businesses on the Stock Exchange are 

determined by demand and supply dynamics.  

 

Kabari and Nwamae (2019) in the paper titled “Stochastic Analysis of the Exchange Rate of 

Naira, YEN, GBP, CFA and FRANC in Relation to US Dollar and Predicting the Naira for 

the Year 2025” investigated the recent changes in the naira currency and other world 

currencies with a view to identify if there are any correlation. Data was obtained from the 

daily exchange rate of various countries' currencies between 12/10/2005 and 2/11/2018, with 

3,190 observations available from the Central Bank of Nigeria's Data and Statistics 

publication. The study investigates the past recent changes in the naira and four foreign 

currencies of the world (Pounds, Yen, Cfa, and Swiss Franc) and their relationship plotted as 

a signal using MATLAB 2016a. The four currencies were chosen at random from a list of 
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world currencies. The analysis was carried out using Multiple Linear Regression. The 

analysis of 3,190 observations yielded a prediction model with 97 percent prediction 

accuracy, implying that under ideal conditions and barring any natural disaster, total 

economic collapse, or major crisis such as recession. The results of this study's model suggest 

that fluctuations in the exchange rate of other currencies have an impact on the Nigerian 

exchange rate and should be taken into account when designing exchange rate policies. 

 

Esmaeil (2012) looked at Forecasting Foreign Exchange Market Trends. Furthermore, the 

study investigated the reliability of technical analysis for forecasting the accurate price and 

trend direction in the FOREX market. Due to existence of high fluctuations with exchange 

rates, investors choose technical analysis in order to minimize the risk associated with the 

market and finally find currency pairs‟ price movement. The study took into consideration 

the dependability of technical analysis for accurately forecasting price and trend direction in 

the FOREX market. The analysis was carried out over a two-month period. Due to the 

existence of high fluctuations in exchange rates, investors prefer technical analysis in order to 

reduce market risk and eventually find currency pair price movement. The research employs 

some of the common indicators and tools provided by brokerage firms in the transactional 

platform of Meta Trader 4 to carry out the test. These indicators are examined in tandem in 

order to send various types of signals to traders in order to identify the price reversal pattern 

conFigureuration. The technical analysis test confirms that it is a reliable tool for forecasting 

market trends. The results show that 63.34 percent of total transactions profited; 46.67 

percent in daily trading and the remaining 16.67 percent in weekly trading. The test also 

discovered that technical analysis is unreliable for monthly forecasting. 

 

Kabari et al (2020) in the paper titled “Machine Learning Algorithmic Study of the Naira 

Exchange Rate” discussed various machine learning algorithms and architectures that are 

suitable for forecasting the Nigerian Naira exchange rate. The research focused on the 
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exchange rates of the British pound, US dollar, and euro against the Nigerian naira. The 

Central Bank of Nigeria provided the exchange rate information. The algorithms' 

performances were assessed using Mean Squared Error, Root Mean Squared Error, Mean 

Absolute Error, and the coefficient of determination (R-Squared score). Finally, the accuracy 

of these algorithms in forecasting exchange rates and was evaluated on the MAE, MSE, and 

RMSE losses during training and testing The LSTM/GRU combined architecture produced 

comparable results. On the test set, the MAE, MSE, and RMSE for LSTM/GRU were 

0.008710, 0.000317, and 0.017805, respectively. 

 

Konig (2020), the author approached predictive techniques and methods for decision support 

in situations with poor data quality. The author proposes a simple but comprehensive method 

for predictive modeling in situations characterized by poor data quality. For starters, 

ensembles are used for modeling because they are powerful, robust, and require few design 

choices. Following that, ensemble uncertainty estimations identify predictions that require 

special attention from a decision maker. Finally, rule extraction is used to aid in the analysis 

of uncertain predictions. Ensembles can be used for predictive modeling using this method, 

despite their opacity and sometimes insufficient global performance, while minimizing the 

involvement of a decision maker. 

 

Having reviewed several related work, the study is focused on enhancing the closest related 

work to the study. Konig (2020) approached predictive techniques and methods for decision 

support in situations with poor data quality. The author further suggested a straightforward 

but comprehensive method for predictive modeling in situations with poor data quality. First, 

ensembles were used for the actual modeling, since they are powerful, robust and require few 

design choices. Next, ensemble uncertainty estimations pinpoint predictions that need special 

attention from a decision maker. Rule extraction was performed to support the analysis of 

uncertain predictions. Using the mentioned method, ensembles can be used for predictive 
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modeling, in spite of their opacity and sometimes insufficient global performance, while the 

involvement of a decision maker is minimized. 

 

In addition, the main contributions of the study were three novel techniques that enhanced the 

performance of the purposed method. The first technique deals with ensemble uncertainty 

estimation and is based on a successful approach often used in weather forecasting. The other 

two are improvements of a rule extraction technique, resulting in increased comprehensibility 

and more accurate uncertainty estimations. 

 

Theoretical Framework 

While there are several theories for determining exchange rates, we will only discuss the five 

most popular ones in this study includes:  

i) The Mint Parity Theory 

ii) The  Quantity Theory of Money 

iii) The Tightening Monetary Policy Theory,  

iv) The Purchasing Power Parity Theory, and  

v) The Balance of Payment Theory. 

 

The Mint Parity Theory (MPT) is associated with the working of the international gold 

standard (Brown, 2008). Within this theoretical framework during the period between 1955 – 

1970 exchange rates were fixed into gold by the Bretton Woods System as the currency in 

circulation then was made of gold or was translatable to gold at an agreed rate. During the 

period under review the value of the currency unit was dependently defined in terms of 

certain weight of gold as different central banks across the globe: country by country were 

readily available to trade in gold at a stipulated bargain price that has already being 

determined before-hand. Therefore, the mint price of gold became the standard rate at which 
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currencies could be converted to gold globally irrespective of the country or continent (Oleka 

et al., 2014). 

 

The Quantity Theory of Money (QTM) is a popular classical macroeconomic model that 

explains the relationship between an economy's money supply and the level of prices for 

goods and services (Santos, 2012). The Quantity Theory of Money (QTM), based on the 

monetarist school of thought, is one of the simplest models for determining long run 

equilibrium exchange rates. According to Nyoni (2018), monetarists conclude in their 

diagnosis of the QTM that any change in the quantity of money affects only the price level, 

leaving the real sector of the economy completely unaffected. In the context of international 

economics, or simply the international version of the Quantity Theory of Money (QTM), an 

increase in money supply is accompanied by an increase in the exchange rate. Oleka et al. 

(2014) emphasized that the exchange rate is determined by money demand, which is 

influenced positively by the rate of growth of the real economy and negatively by the rate of 

inflation. As a result, we cannot rule out the possibility that a country's currency position is 

influenced significantly by real economic growth. According to Santos (2012), one flaw of 

the international Quantity Theory of Money (QTM) is that it cannot account for fluctuations 

in the real exchange rate as opposed to just the nominal exchange rate. 

 

Tight monetary policy, also known as contractionary policy, refers to a policy that is 

regulated by a country's central bank, such as the Federal Reserve in the United States of 

America or the Central Bank of Nigeria, in order to control excessive economic growth. 

These policies are aimed at reducing spending capacity or containing inflation that is 

accelerating at an abnormally rapid rate. The central bank implements the money-tightening 

strategy by raising short-term interest rates to discounted rates, also known as the federal 

funds rate (Gordon, 2021). The proponents of the Tightening Monetary Policy Theory 

(TMPT) opines an increase in real interest rates as a result of tightening monetary policy 
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causes the currency to appreciate more in the short run than it will in the long run. Given that 

the rate of return on domestic assets may be higher due to monetary tightening, international 

investors may be willing to hold foreign assets, particularly if the value of the domestic 

currency is expected to fall in the future. In view of that Oleka et al (2014), states that one 

advantage of the TMPT over the international QTM is that it can account for real exchange 

rate fluctuations. 

 

This is an economic theory used in determining the relative value of currencies, estimating 

the amount of adjustment needed in the exchange rate between countries, in order for the 

exchange rate to be equivalent to each currency‟s purchasing power (Mbutor et al., 2016). In 

economics, the concept of purchasing power parity (PPP) has two applications. The first 

application is as a conversion factor to transfer data from one national currency denomination 

to another. The data are generally organized in a national accounts framework, but the level 

of detail can range from the GDP itself to highly disaggregated categories of expenditure. 

This theory recognizes inflation levels and trends as important determinants of exchange rate 

of a currency both in emerging and developed economies (Officer, 1979). PPPT avers that a 

currency will lose value. 

 

There is a high level of inflation in the country or if inflation levels are perceived to be going 

up. This is attributed to the fact that inflation erodes the purchasing power, thus demand for 

that specific currency. According to Oleka et al (2014), a currency may sometimes strengthen 

when inflation rises due to expectations that the central bank of the country concerned will 

raise short –term interest rates to combat rising inflation. PPPT, as noted by Obadan (2006), 

concludes that the equilibrium exchange rate between two invertible paper currencies is 

determined by the equality of their purchasing power (that is, their relative prices). 
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Balance of Payment Theory (BOPT), this theory stipulates that under free exchange rates, the 

exchange rate of the currency of a country depends upon its balance of payment position 

(Oleka et al, 2004). A favourable balance of payment raises the exchange rate, while an 

unfavorable balance of payments reduces the exchange rate (Jhingan, 2004). Thus the theory 

implies that the exchange rate is determined by the equilibrium in the balance of payment 

(Oleka et al, 2014). 

Technical analysts study price movement itself, as opposed to external forces, which 

influence price movement. Technical analysis could be defined as the science of graphically 

recording the actual trading history of a stock, currency, commodity, or financial instrument, 

and extrapolating possible future trends on the basis of that information alone. Referring to 

historical data charts is useful in understanding the nature of exchange rates in general and 

their behaviour under specific circumstances. 

Economic Statistics 

The crucial economic concept affecting exchange rates is the business cycle, defined as the 

rate of growth of the gross national product (GNP). The GNP is the market value of all final 

goods and services produced within a given period of time. Fundamental analysis is the strict 

consideration of economic factors to determine the appropriate levels of exchange rates. 

Although many other factors, such as government intervention and speculation by large 

banks, come into play, fundamental analysis is a reliable predictor of the long-term business 

cycle in its currency's value. That being said, the task of forecasting the growth rate of GNP 

remains, and it is not an easy task. All economists rely on an array of statistics to estimate the 

level of growth of GNP, and their conclusions vary widely.  

 

A trader can consider a number of vital statistics (including GNP) in making his or her own 

assessment of the economy's performance. In addition to helping the trader establish the long-

term trend in GNP, the release of these statistics is anxiously awaited by the business 
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community and can have an immediate effect on the foreign exchange and financial markets. 

These vital statistics apply only to measures taken in the United States of America. Other 

countries may have their own definitions and measurements. Market experience has proven 

that price fluctuations resulting from releases of economic statistics are not always logical 

and orderly. Although sound fundamental information will usually affect markets' predictably 

within a reasonable time, such information will sometimes be ignored, and the ensuing 

confusion can result in unexpected price swings. Therefore, positioning that is based on 

fundamental market impact should be attempted with the utmost care to avoid being 

influenced by one particular point of view.  

 

Exchange Rate 

Obiet et al (2016) in examining the importance and influence of exchange on an economy 

state that exchange rate is among the most important prices in an open economy. It influences 

the flow of goods, services, and capital in a country, and exerts  strong  pressure  on the  

balance  of  payments, inflation  and  other macroeconomic  variables.  The  choice  and  

management  of  an  exchange  rate  regime  is  a  critical  aspect  of economic  management  

to  safeguard  competitiveness,  macroeconomic  stability,  and  growth.  Therefore, the 

impact of the exchange rate regime on economic performance is probably one of the most 

controversial issues in macroeconomic policy with empirical studies providing mixed results. 

 

The nominal exchange rate between two countries is the one country's currency in terms of 

the other country's currency.  It is the domestic currency units per unit of foreign currency.  

So the Nigerian naira/U.S. Dollar exchange rate is given as 129 Naira per U.S. Dollar instead 

of 0077519 Dollars per Naira.  Nonetheless, we can multiply the price of a good denominated 

in foreign currency by the nominal exchange rate to convert it to domestic currency terms; we 

can divide the price of goods denominated in domestic currency by the nominal exchange 
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rate to convert them to foreign currency terms.  An increase in the nominal exchange rate is 

called depreciation of the domestic currency, i.e. the Nigerian Naira has decreased in value 

(more naira are needed to buy one unit of foreign currency).  A decrease in the nominal 

exchange rate is an appreciation of the domestic currency, i.e. the naira has increased in value 

(fewer naira are needed to buy one unit of foreign currency.) Changes in the exchange rate 

change the relative price of goods in two countries.  However, the nominal exchange rate is 

not the only variable that affects the relative price of goods in two countries, the price levels 

in each country matter as well.  Hence the use of real exchange rate to compare prices in two 

countries.  I will use the symbol R to denote the real exchange rate, which can be defined as  

R = 
   

 
                                                                            Equ 2.1 

Where R is the relative price of foreign goods and can be further elaborated as       

  R =  
                                                   

                         
    Equ 2.2 

Equals to: 

                    
                        

                              
                                                             Equ 2.3 

 

An increase in R is known as a depreciation of the real exchange rate (foreign goods become 

more expensive) and a decrease in R is an appreciation of the real exchange rate (foreign 

goods become cheaper).  However, nominal exchange rate appreciation can cause real 

exchange rate appreciation, all else equal, i.e. if relative prices in the two economies do not 

change.  Also, changes in prices can cause the real exchange rate to fluctuate without an 

underlying change in the nominal exchange rate.  An increase in domestic prices, all else 

equal, will cause the real exchange rate to appreciate; a decrease in foreign prices, all else 

equal, will cause a real exchange rate appreciation.  A decrease in domestic prices, all else 

equal, will cause the real exchange rate to depreciate, but an increase in foreign prices, will 

also cause a real exchange rate depreciation (CBN, 2006). 
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Many experts agree that exchange rate have the potential to affects the currency of another 

country especially the currency of a stronger and well developed economy will affect the 

economy of a developing economy through the medium of Forex (Kabari & Maccarthy, 

2019). Maintain that exchange rate helps to communicate the price schemes of two different 

economies by ensuring their prospects for international trade, its effect is also on the volume 

of imports and exports, as well as country‟s balance of payments position.   

 

While reviewing the fluctuation of Forex, (Kenneth, 2016) affirm that the potential causes  of  

exchange  rate  fluctuations  has also lead to examination of the theoretical basis of exchange  

rates  determination  since  exchange rates  fluctuations partly  reflect  deviations  from  the  

ground on which exchange rates are determined. One of the theories  explaining the 

determination of real exchange rates is purchasing power parity (PPP) theory  based  on the 

presumption that a  commodity  should  be sold at same price in  various  countries  

excluding  transaction  costs  when  measured  in  a  common  currency.  As one of leading 

considerations explaining deviations from PPP condition is the  Balassa-Samuelson  effect.   

 

According to this effect, commodity prices are influenced by relative production costs  which  

are  determined  by  relative productiveness in the sectors producing traded and non-traded 

commodities. The impact of the tradable sector on the real exchange rate reveals that an 

increase in the productivity and competitiveness of the tradable sector with respect to foreign 

countries puts a downward pressure on the real exchange rates (MacDonald & Ricci, 2005). 

Thus, production process is likely to have a major role in exchange rate fluctuations.  The 

other insight which accounts for deviations from PPP is the monetary approach developed by 

Mussa and Frenkel (1986). while Bilson et al (1979)  stating  that  while  prices  are  sticky  

in  the  short  run,  the  exchange  rate  returns  to  its equilibrium value and PPP holds as 

prices adjust in the long run.  
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In the modern world, exchange rates of the most successful countries tend to be floating 

(Sullivan, 2001). Forecasting of the exchange rate is the foremost endeavor of the 

practitioners and researchers in the spree of international finance, particularly in the case of 

the exchange rate which is floating (Hu et al, 1999). Economic growth is one of the 

fundamental macroeconomic policy objectives which countries all over the world continue to 

strive to achieve and Nigeria is not an exception (Nyoni & Bonga, 2018). The Nigerian 

economy ambitiously aspires to become one of the twenty largest economies in the world by 

2020 and the 12th largest economy by 2050(CBN, 2009). One of the surest way to achieve 

the earlier stated goal is to pursue vigorously rapid and sustainable economic growth and 

development via well managed exchange rate policy (Obi et al, 2016). Sustainable economic 

growth mainly depends on a nation‟s ability to invest and make efficient and productive use 

of the resources at its disposal (Nyoni & Bonga, 2017). The status of a country‟s economic 

wellbeing is reflected by the real exchange rate (Arize & Osang, 2000). Poorly managed 

exchange rates can be disastrous for economic growth (Rodrick, 2008). 

 

When the domestic income of a country increases, then the country‟s currency is likely to 

depreciate. However, an increase in foreign income would likely lead to appreciation of the 

currency. Also when a nation has crave for domestic goods and services, it will likely to 

appreciation of the currency, while a crave for foreign goods and services will likely lead to 

depreciation of its currency (Arize & Osang, 2000). If the domestic inflation rate exceeds the 

global average rate, it will likely lead to its currency‟s depreciation. However, if they 

domestic inflation rate is less than the global average then the chances are that its currency 

will appreciate (Giovanni, 1988; Islam & Sardar, 2007). Fluctuations in a nation‟s currency 

or exchange rate exert changes in domestic production costs (Ngandu, 2008) and also affect 

the labor market based on channels of appreciation and depreciation of currencies (Nucci & 
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Pozzolo, 2010). A depreciation in the exchange rate increases or promotes the growth of local 

jobs in the manufacturing and non – manufacturing sectors (Yokoyama et al, 2015). Volatile 

exchange rates may also increase unemployment through lowering investment in physical 

capital (Belke & Gros, 2001). Investment may be reduced because higher volatility usually 

entails increased uncertainty (Nyahokwe & Ncwadi,2013). Therefore, maintaining exchange 

rate stability implies controlling a country‟s level of unemployment (Chimnani et al, 2012) 

and promoting investment. When the monetary authority llows the exchange rate to be fixed, 

other macroeconomic variables are volatile. However, when exchange rate is allowed to float, 

it is known that the exchange rate becomes highly volatile in comparison with other 

macroeconomic variables (Baxter & Stockman, 1989; Flood & Rose, 1999; MacDonald, 

2008). 

 

Many scholars in monetary policy and economics have undoubtedly admitted the very 

important role played by foreign exchange in the fiscal policy and economic development of 

the global economy as Chipeta et al (2017) and Odusola & Akinlo (2001) both affirms that 

the Nigerian economy and indeed global economy is better off with a robust foreign 

exchange market and policy framework. 

 

Isola et al (2016) and Okonkwo et al, (2017) also strengthened the fact that there is need the 

need for flexible and robust exchange rate management system if steady upwardly mobile 

economic growth is to be sustained. To move Nigeria on a sustainable economic growth 

trajectory, policy makers must of essence focus on those factors that determine economic 

growth in Nigeria in which foreign exchange rate is prominent (Nyoni & Bonga, 2018). 

 

The evolution of the Nigerian foreign exchange market was influenced by such factors as the 

changing patterns of international trade, institutional changes in the economy and structural 

shifts in production (CBN, 2011). The oil boom experienced in nineteen seventies led to 
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enhanced foreign exchange receipts; hence the need to develop a local foreign exchange 

market became paramount (Mojekwu et al, 2011). Nigeria, like many other low income open 

economies, has adopted two main exchange regimes. Direct administrative control exchange 

rate was used until 1986, when the country changed over to market regulated regime. Nigeria 

has, and is still experimenting with various market arrangements. As an integral part of 

Structural Adjustment Programme introduced in 1986, Nigeria adopted the flexible exchange 

rate through second tier foreign exchange market (Umar & Soliu, 2009). 

 

Since then, several variants (Auction System, Dutch Auction System, Wholesale Dutch 

Auction System and Rental Dutch Auction System) have been operated in determining the 

exchange rate of naira to US dollar (Mojekwu et al, 2011). Over two decades ago, the Central 

Bank of Nigeria (CBN) have been intervening in the foreign exchange market (FEM) to 

support and stabilize the value of the Naira, although the supportive efforts remain 

temporarily and short – lived (Sanusi, 2004; Adebiyi, 2007). For instance, Nigeria had been 

one of the most active countries in the FEM between 1993 and 1995 (Adebiyi, 2007; 

Omojalaibi & Gibadebo, 2014). In the month of December 2014 alone, the CBN spent 

about$2.3 billion to defend the Naira from losing its value (Nweze, 2015). Also, in another 

effort to strengthen and stabilize the value of the Naira, the CBN conducted another 

intervention operation in the first quarter of 2015. The process worth the CBN $4.7 billion 

(Komolafe, 2015). 

 

The main objectives of the central bank interventions in the FEM, especially in countries with 

floating exchange rates are to prevent exchange rate misalignment, counter disorderly FEM, 

manage foreign reserve and “lean against the wind” (Basu & Varoudakis, 2013). In most 

emerging market – oriented economies like Nigeria, preserving a realistic value for the 

domestic currency is of paramount importance considering the structure of the economy and 
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the desire to balance domestic production and consumption, create and improve the success 

of foreign exchange earnings and attracts foreign capitals from multi – national corporations 

(Dayyabu et al, 2016). 

 

Timely forecasting of the exchange rates is able to give important information to the decision 

makers as well as partakers in the area of the internal finance, buy and sell, and policy 

making (Alam, 2012). For the giant multinational business units, an accurate forecasting of 

the exchange rate is crucial since it improves their overall profitability (Huang et al, 2004). 

The importance offore casting the exchange rates in practical aspect is that an accurate 

forecast can render valuable Information to the investors, firms and central banks for use in 

allocation of assets, in the dgingrisk and in policy formulation (Tindaon, 2015). The 

significance of exchange rates forecasting stems from the reality that the findings of a given 

financial decision made today is conditional on the exchange rate which will be prevailed in 

the upcoming period. For this reasons forecasting exchange rate is essential for various 

international financial transactions, namely speculation, hedging as well as capital budgeting 

(Moosa, 2008).  

In this study relied on the Box – Jenkins ARIMA approach to model and forecast the Naira 

/USD exchange rate in Nigeria over the period 1960 – 2017. 

 

Exchange Rate Determination 

Generally, there are three main theoretical foundations of exchange rate determination. These 

include:  

1. the traditional flow model  

2. the port-folio balance model and  

3. The monetary model as well as the purchasing power parity model, which is a sub-set 

of the monetary model.  
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The Traditional Flow Model, the theory states that, exchange rate is determined simply by the 

forces of supply and demand of foreign exchange. The exchange rate is in equilibrium when 

supply equates demand. The current account imbalance is offset by the net flow of capital in 

the opposite direction. A current account surplus is financed by acquisition of financial assets 

abroad or outflow of capital. Similarly, a deficit is financed by an inflow of capital. The 

current account is assumes to be determined by changes in relative prices and real income. 

Increases in domestic prices relative to foreign prices leads to exchange rate depreciation. 

This is because increase in the domestic price level feed into costs thereby making exports 

costly and highly competitive. Consequently, the supply of foreign exchange is constrained. 

Imports on the other hand increase since the inflation- ridden economy is a more profitable 

place to export. If imports are very inelastic, import payments increase thereby increasing the 

demand for foreign exchange.  According to the model exchange rate is determined by three 

factors: the relative price, income and relative interest rate. This can be related as;   

 

EXCHR = f (p/pf, y, r/rf)                                                     Equ 2.4   

EXCHR = λ0 + λ1p1 + λ2y2 + λ3r3 + μ1                                                            Equ 2.5 

EXCHR = λ0 + λ1p1 + λ2y2 + λ3r3                                                    Equ 2.6 

<0 <0 >0   

 

Where;  

p = domestic price, pf is foreign price,  

y = real income, 

r = domestic interest rate and  

rf = foreign interest rate.  

 

The equation 2.6 posits that an increase in domestic interest rate relative to the foreign 

interest rate causes an appreciation of the exchange rate through induced capital inflow. 
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Therefore, a country that intends to strengthen its exchange rate must raise interest rate, lower 

prices and reduce real growth. An increase in real income will lead to increase in the demand 

of imported commodity, which will lead to exchange rate depreciation. Equally, an increase 

in domestic price relative to foreign prices brings a negative effect on the exchange rate. The 

domestic goods will be more expensive relative to foreign goods; this will lead to an increase 

in import and finally lead to disequilibrium in exchange rate. The problem of this model is 

that it ignores the relevance of the asset market and it does not take into consideration the 

total money supply or the demand and supply of money.   

 

The Monetary Model   

The monetary model tries to explain changes in exchange rate in terms of changes in the 

demand for and supply of money between two countries. The factors that determine exchange 

rate, according to the model include money supply, real income, and interest rate.   

Thus:   

EXCHR = f (Ms, y, r)                                                                             Equ 2.7  

EXCHR =  β0 + β 1p1 + β 2y2 + β 3r3 + μ1                                          Equ 2.8  

EXCHR = β0 + β1p1 + β2y2 + β3r3                                                      Equ 2.9 

     <0 >0 <0   

Where:  

EXCHR = Exchange rate,  

Ms = Money supply,  

y = real income,  

r = interest rate.   

 

From the model Equ 2.9 increase in money supply causes the exchange rate to depreciate as a 

result of inflationary pressure it generates. An increase in the real income with fixed nominal 

money supply causes prices to change leading to an appreciation of the exchange rate. While 
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an increase in domestic interest rate lowers money demand raises prices (with a given stock 

of money) the increase in prices leads to the depreciation of the exchange rate.   

 

From what we have discussed so far, it can be deduced that, the traditional flow model and 

the monetary model specify the same factors affecting the exchange rate; the results are in the 

opposite directions. The traditional flow model predicts that increase in interest rate leads to 

exchange rate appreciation but it causes the exchange rate to depreciate in the monetary 

model. Similarly, increase in real income causes depreciation of the exchange rate in the 

traditional flow model but the exchange rate appreciates when real income is increased in the 

monetary model.  One of the criticisms of the monetary model is the assumption that 

domestic and foreign bonds are perfect substitutes. If two assets are not perfect substitutes, 

then account must be taken of the differences in their prices and yields. Another criticism is 

that it does not seem to make distinction with the different assets (domestic and foreign 

currencies).  

 

The Port-Folio Balance Model   

The port-folio balance model assumes that residents distribute their wealth among three 

forms of assets namely: monetary base, domestic bonds and foreign bonds. The exchange rate 

is in equilibrium when the holdings of these assets are in their desired proportion.  Thus: 

Where: W= wealth, MB = Money base, DB = Domestic bonds, FB = Foreign bonds.  The 

model (9) states that, an increase in domestic wealth may arise either from increase in 

monetary base, holdings from government bonds or from the current account surplus. An 

increase in wealth increases the demand for foreign bonds or assets leading to a depreciation 

of the exchange rate as a result of capital outflow so generated. However, an increase in 

private sector holding of government bonds drive bond prices down and raises interest rate. 

This causes an appreciation of the exchange rate. Thus, an increase in domestic government 



NNAA, Sunday Barikui et al, International Journal of Computer Science and Mobile Computing, Vol.11 Issue.5, May- 2022, pg. 92-221 

© 2022, IJCSMC All Rights Reserved                                                                                                        154 

bonds has an uncertain effect on the exchange rate. The exchange rate may appreciate or 

depreciate, depending on the relative strength of the substitution and income effects. The 

exchange rate will appreciate if the substitution effect is stronger. On the other hand, it will 

depreciate if it is weaker than the income effect. An increase in the foreign bonds will lead to 

capital flight, thereby increasing the demand for foreign exchange.  

 

Consequently, it will lead to depreciation in the exchange rate. A major criticism of the asset-

disturbance model is that it ignores the fundamental determinants of trade, the role of 

expectations as well as the role of purchasing power parity (PPP). The concept of purchasing 

power parity (PPP) is straightforward. It is an important assumption in some version of the 

monetary and port-folio balance models but not in the Keynesian/Dombusch models. The 

theory was propounded by a Swedish economist, named Gustar Cassel in 1920. The theory 

essentially represents a synthesis of the work of the nineteenth century economists like 

Ricardo, Wheatley and Thornton, etc.  

 

The theory suggests that we should be able to buy the same bundle of goods in any country 

for the same amount of currency (or, put slightly differently, people value currencies for what 

they buy). It states that the equilibrium exchange rate between two inconvertible paper 

currencies is determined by the equality of their purchasing powers. The fundamental notion 

of the PPP theory is that, the exchange rate depends upon the relative prices levels and not the 

other way round. The implication is that with every change in the price level, the exchange 

rate also changes.   

 

The theory attempts to explain the equilibrium value of the exchange rate in terms of 

differences in inflation rate between two countries. It assumes that exchange rate of 

currencies of two countries move in a manner that seeks to offset the inflation differential 
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between the economies thereby maintaining, the real purchasing power of either currency in 

the other economy;  

W = f (MB, DB, FB)                                                           Equ 2.10 

W = α 0 + α1MB1 + α2DB2 + α 3FB3 + μ1                                                  Equ 2.11 

W = α0 + α1MB1 + α2DB2 + α 3FB3                                            Equ 2.12   

<0 >0 >0    

 Sentiment Analysis 

Sentiment Analysis or Emotion Artificial Intelligence can simply be described as the 

application of Natural Language Processing (NLP) and Text Classification to the gaining of 

accurate and deep understanding of specific events. Sentiment analysis helps data analysts 

within large enterprises gauge public opinion, conduct nuanced market research, monitor 

brand and product reputation, and understand customer experiences. In addition, data 

analytics companies often integrate third-party sentiment analysis APIs into their own 

customer experience management, social media monitoring, or workforce analytics platform, 

in order to deliver useful insights to their own customers. Furthermore, the application of 

Sentiment Analysis involves Sentiment libraries which are described as very large collections 

of adjectives (good, wonderful, awful, and horrible) and phrases (good game, wonderful 

story, awful performance, horrible show) that have been hand-scored by human coders 

(Okimbi et al, 2017).  

 

This manual sentiment scoring is a tricky process, because everyone involved needs to reach 

some agreement on how strong or weak each score should be relative to the other scores. If 

one person gives “bad” a sentiment score of -0.5, but another person gives “awful” the same 

score, your sentiment analysis system will conclude that, that both words are equally 

negative. And each of these libraries must be maintained constantly: scores tweaked, new 

phrases added, irrelevant phrases removed. Most languages follow some basic rules and 
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patterns that can be written into a computer program to power a basic Part of Speech tagger. 

In English, for example, a number followed by a proper noun and the word “Street” most 

often denotes a street address. A series of characters interrupted by @ sign and ending with 

“.com”, “.net”, or “.org” usually represents an email address. Even people‟s names often 

follow generalized two- or three-word patterns of nouns. Nouns and pronouns are most likely 

to represent named entities, while adjectives and adverbs usually describe those entities in 

emotion-laden terms. By identifying adjective-noun combinations, such as “terrible pitching” 

and “mediocre hitting”, a sentiment analysis system gains its first clue that it‟s looking at a 

sentiment-bearing phrase. Of course, not every sentiment-bearing phrase takes an adjective-

noun form. “Cost us”, from the example sentences earlier, is a noun-pronoun combination but 

bears some negative sentiment (Okimbi et al, 2017). 

 

How Sentiment Analysis works 

The following process shows the functional description of Sentiment Analysis 

i) Break each text document down into its component parts (sentences, phrases, tokens, 

etc.) 

ii) Identify each sentiment-bearing phrase and component 

iii) Assign a sentiment score to each phrase and component (-1 to +1) 

iv) Optional: Combine scores for multi-layered sentiment analysis 

 

Classification Models 

Classification models are machine learning algorithms that try to deduce a conclusion from 

observed values. These models makes attempt to forecast value of one or more outcomes 

given one or more inputs. These outcomes are descriptive labels that can be applied to a 

given dataset. The classification model uses the training dataset to improve the boundary 

conditions that can be used to determine each target class. After determining the boundary 
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conditions, the next task is to predict the target class. The entire procedure is referred to as 

classification process (Upasana, 2020). The following as some notable classification models: 

1. Decision Tree (Random Forest) 

2. Linear Classifiers (Naïve Bayes and Linear Regression) 

3. Support Vector Machine 

4. Kernel Estimation (K-Nearest Neighbour) 

5. Neural Networks 

 

Application of Classification Models 

The following are some of the application area of classification models; 

1. Image classification 

2. Sentiment Analysis 

3. Email Spam Classification 

4. Document Classification 

 

Text Classification 

Text classification is the process of assigning different text data type into a cluster that has 

been predefined and/or categorized (Adel et al, 2018). It is a system whose responsibility is to 

carry out new documents‟ classification into one that its determination process is done 

through the use of categories that are predefined. Adel et al (2016) also stated that text 

classification has the aim of making a categorization of documents so that it will appear in a 

predefined document depending on how the appearance of their content is. Text classification 

concerned itself with the method through which text document s are classified into categories 

that are predefined. Text classification is saddled with duty of assigning to predefined 

categories based on their content documents that appeared in a natural language.  
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It is the division of input documents set into classes either two or more so that it will be 

possible for each document to be found in multiple classes. Text categorization is useful in 

text retrieval index; metadata extraction, text topics detection, online catalogues organization 

and management. Text categorization (classification) involves the activity of labeling the 

documents with the main themes by placing it into a pre-defined set of topics. The operation 

process of text categorization differs from that of information extraction. In text 

categorization, the document is first pre-processed to keep the document in a format suitable 

for classification exercise. Document Term Frequency (DTF) is computed and the main 

topics in the document are identified based on the frequency. Text categorization techniques 

usually have document ranking mechanism to present the labeled topics in a way of 

importance.  

 

Text classification research is done so that better ways through which documents are 

represented, indexed and classifiers are constructed in order to place each document on a 

proper footing based on a considerable standard. It is also a supervised machine learning task 

due to the fact that the algorithm involved in it learns through examples. By so doing they can 

carry out their function comparing what is obtainable from the unsupervised machine 

learning that do not go by examples in order to learn. Furthermore, text classification is made 

up of document representation, feature transformation, feature selection, vector space model 

construction, algorithm application and evaluation of the algorithm that was applied. Text 

categorization (classification) is a situation whereby category or topic is assigned to text for 

the purposes of pattern classification. Its primary function lies on the predefining categories 

or topic and give out texts to them on individual basis in a form of simple data (Taeho, 2019).  

 

Text categorization (or classification) is something that makes it easier for text or data that 

has not been categorized to be put in predefined or fixed categories. Assigning of new 

category to document that is new is the thrust of text categorization, and it must be done 
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based on the content of the text. Text or document may be domiciled in on, multiple, and/or 

no category. The classifier is mostly dependent on for the processes to be actualized. Three 

kinds of methods can be divided roughly from it. They are: the statistical learning method, 

knowledge engineering method, and word matching method (Guo et al 2015). 

Historical Development of Text Classification (TC) 

Issues concerning the development of Text Classification could be said to have started from 

early part of the '60s. It was in the early part of the '90s that it turned out to be a subfield that 

is very important in the discipline called information systems. We give thanks to the increase 

in interest that has been made in its application and more powerful hardware has been made 

available as a result of this innovation. Before the later part of the '80s, Knowledge 

engineering was the main and recognized approach used in Text classification application in 

the community. It was made up of set of rules that were manually encoding expert knowledge 

on the manner in which documents can be classified using categories that are specified. It was 

from the later '90s that the popularity made by the knowledge engineering started to diminish 

particularly as it concerns the research community (Taeho, 2019)  

 

This negative development gave rise to a paradigm shift to use of machine learning (ML), 

which brought about revolutions that led to the building of an automatic text classifier using a 

general process of inductiveness. Due to this, learning is made about the categories of interest 

of the characteristics of documents from a set of documents that are pre-classified. Accuracy 

compared to that got through human experts, and saving of the power of the expert labor are 

the advantages derived from a shift to this approach, as there no needed efforts from human 

efforts to carry out the task of classification or splitting it into set of categories that are 

different.  Text classification was said to have started in 1961 by a seminar paper on 

probabilistic text classification. The purpose of doing this is to enable the availability of a 

computing machine that will be able to read a document and considering how selection will 
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be made of words that occurred. Carrying out the process of event or object classification 

easily shows an element of intelligence; being able to carry out the process creating a new or 

modifying and/or getting more categories that are fruitful shows a sign of intelligence that is 

greater, that is, forming concepts that are new. Statistical procedure to document indexing in 

an automatic manner has to do with the resolve of definite probability dealings connecting 

entity content-bearing expression and the area under discussion category, and using these 

relationships for the prediction of the group to which an article containing the expression 

belongs (Guo et al, 2015). 

 

Categories of Text Classification 

There are different categories of text classification as were identified as; 

Genre Classification 

Genre classification is one among the text classification type that is most successful. The 

reason for this ascertain is a result of the fact that it carries out the process of text 

classification according to the classes of the text such as book, paper, journal, etc. which 

makes it possible for document to be successfully classified into category that is proper and 

furthermore build the sub classes that rely so much on soft computing. 

Hard Classification 

Hard classification is again another category of classification whereby text in the document is 

being classified into categories that have already been pre-set. The relationship existing 

between the elements sometimes are not important. This is as a result of the fact that the 

relationship in existence between elements are arrived at based on what are needed and the 

data type. Hard classification brings about wrong classification sometimes. 

 

Soft Classification 

There is the classification of the entire text into sub categories that are three in number, 

namely, the low, medium and high. Low categories have to do with the text whose 
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relationship is low where the elements are: This relationship may as well be termed to be a 

non-related category to the cause. The medium category related with the fact whose relation 

is at the medium level. Relationship that is less strong is in existence between the elements. 

The relationship at the third category is very strong. The entire elements found in text relate 

to the analysis of the requirement drawn usually on such text. 

 

Steps in Text Classification 

The goal of a learning system is towards the creation of a mapping which is connected to 

documents‟ set and that which concerns labels‟ set. This mapping is used in the automatic 

determination of the class (unlabeled) documents that are new. Consequently, the entire work 

is more often than not known as supervised learning. 

Step 1:  Data/Text cleaning collection and preprocessing. From the point of view of this step, 

there is the collection, cleaning, and organizing documents in a proper manner, considering 

the terms (features) that were acknowledged, and a created vector space representation. There 

are two divisions of data namely: 

a. Set for Training: This division is adopted creating models. There are cases whereby this 

training set is being sub-divided into two parts: the actual model construction and model 

evaluation subsets. The learners parameters are set form these models.  

b. Set for Testing: Testing of model is carried out using this other part of data.  

 

Step 2: Building the Model  

This is the learning step that is authentic (also known as training as well). This learning step 

uses learning algorithm while in operation. Two processes, viz, the interactive and interactive 

are involved. The may bring in other steps, and repetition of the processes could be carried 

out as much as possible in order to create a model that seem to be the best: 

a. Feature Selection. 

b. Application of the algorithm used for learning. 
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c. Validation of the model (through the use of the subset validation to make some of the 

parameters which the learning algorithm has to be energized). 

Step 3: Testing and Evaluating the Model Considering this step, the application of the model 

is made on the documents right from the test set.  Comparisons are made between the 

real class labels and the labels that are for prediction. It is worthy of note that from 

this point in the documents labels are only used for the purpose of carrying out an 

evaluation in this step. This does not take place in the validation step, as the learning 

algorithm use the real or actual class labels. 

Step 4: Classification of Documents; Classification is carried out on documents that are new 

(with class labels that are unknown) through the use of the model is carried in this 

particular step.  

 

Text Cleaning and Pre-processing  

Pre-processing is the first thing that will be made where documents that are suspicious are 

made to face some process of refining. The following are carried out in the pre-processing 

though not sequentially mentioned here: stop-word removal, lowercasing, punctuation 

removal, sentence segmentation, tokenization, etc. This makes it easier for the reduction in 

the size of the real data as the information that is not relevant is being removed considering 

the approach that is used.  Before classification is carried out on documents that have 

collection, a number of tasks for preprocessing are more often than not carried. For text 

documents that are traditional in nature of HyperText Markup Language (HTML) tags are not 

found), the tasks include the following stop word removal, handling of digits, stemming, 

hyphens, cases of letters, and punctuations. Looking at Web pages, extra responsibilities like 

the removal of HyperText Markup Language (HTML) tag and recognition of foremost 

contented blocks as well have need of careful considerations (Liu, 20017). 
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The phase called preprocessing changes the innovative documented records in a data mining 

structure that is ready, where identification is made, of the text features which is important in 

the playing of the role showing the difference between text categories. It has to do with the 

incorporation of new document in the system for the retrieval of information. A pre-processor 

that is effective represents efficiently the document considering space (use for document 

storage), time (use for processing of retrieval requests) requests and good retrieval 

maintenance performance (precision and recall). This phase is seen as the process that is most 

complex and critical as well that will make the demonstration of every text by a set of select 

index terms. The major point of preprocessing is to get hold of the key characteristics or key 

terms from news text documents obtained online and to improve the relevancy which exists 

between the word and document on one side, and that between word and category (Okimbi et 

al, 2017). 

 

Tokenization 

While carrying out pre-processing, tokenization is a method where a stream of text is broken 

into words, symbols, phrases and/or other elements that are meaningful, known as token. 

What is achievable from the step is that the words found in a sentence will be Text 

classification and text mining need a parser whose duty is to carry out the process of 

tokenizing documents  

 

Stop Words 

There are many words in textual and document classification that do not have significance 

that is important for in classification algorithms, like {“a”, “about”, “across”, “after”, 

“afterwards”, “again”....}. Removing these words from the textual and document data is the 

most important technique that is common. 
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a) Capitalization 

There is a diversity of capitalization in the formation of sentence in textual and document 

data. Because many documents are made up of a lot of sentences, it will be a problem to 

diverse capitalization during the classification of large volume of documents. Reduction of 

letter in upper case to lower is the approach that is common in the tackling of the problem of 

inconsistent capitalization. Projection of all words in textual and document data into similar 

feature space can be possible with this technique, but a significant problem can ensue while 

some words are being interpreted for example if we have “US” (United States of America) 

changed to “us” as a pronoun can be made possible through the use of slang and converters. 

 

b) Slang and Abbreviation 

Slang and abbreviation are as well another text anomalies found in the pre-processing of 

textual and document data. Abbreviation has to do with the shortening of phrase and/or word 

carrying first letters which forms that particular word SVM which have Support Vector 

Machine as its full meaning. Slang is a language subset that has been allowed for use while 

informal talk or text of difference in meaning like “lost the plot”, which means that they have 

gone mad. Conversion of these words to formal language is a method that is common for use 

in solving the problem. 

c) Removal of Noise 

A lot of textual and document data set carry characters that are not necessary. They are: 

punctuation marks that and special characters that are critical and special characters that are 

vital for the documents‟ understanding by human, these can be of concern to classification 

algorithms. 

d) Spelling Correction 

This is a pre-processing step that is optimal in nature. Topographical errors (Typos) are found 

in textual and documents data. Social media is a victim of these textual data sets an example 
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is twitter. This problem has been addressed in Natural Language Processing by many 

methods, technique, and algorithms. There are other methods and techniques which 

researchers can use. They are hashing-based and context- sensitive spelling correction 

techniques and correction of spelling through the use of Trie and Damerau-Levenshtein 

distance bigram  

e) Stemming 

It is possible for one word to be available in various forms (for example single and/or plural 

noun form) and the same in semantic meaning of each of them. Stemming is a method in 

which different forms of a word can be made to appear in the same feature space. Text 

stemming carries the activity of changing words so as to get different word forms through the 

use of different process in linguistic like affixation (adding affixes)  

f) Lemmatization 

In Natural language Processing (NLP), Lemmatization has to do with the replacement of 

suffix of a word using a different one or completely removing the suffix so that the basic 

word form (lemma) would be obtained  

 

Activity Guidance and Artificial Intelligence (AI) in Sentiment Analysis 

A system that delivers services to individuals in order to assist them in securing knowledge 

and skills needed in making plans is known as an activity guidance system. Nowadays, this 

system is being used to aid the elderlies in carrying out vital activities and responsibilities 

such as urinating, eating, health checkup, communication, etc. Furthermore, an activity 

guidance system for the mentioned responsibilities is built based on artificial intelligence 

(AI). AI can be described as the theory and development of computer systems able to perform 

tasks normally requiring human intelligence, such as visual perception, speech recognition, 

decision-making, and translation between languages (Frey & Osborne, 2013). 
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Modern information technologies and the advent of machines powered by artificial 

intelligence (AI) have already strongly influenced the world of work in the 21st century. 

Computers, algorithms and software simplify everyday tasks, and it is impossible to imagine 

how most of our life could be managed without them. However, is it also impossible to 

imagine how most process steps could be managed without human force? The information 

economy characterized by exponential growth replaces the mass production industry based 

on economy of scales. When we transfer the experience of the past to the future, disturbing 

questions arise: what will the future world of work look like and how long will it take to get 

there? Will the future world of work be a world where humans spend less time earning their 

livelihood? Alternatively, are mass unemployment, mass poverty and social distortions also a 

possible scenario for the new world, a world where robots, intelligent systems and algorithms 

play an increasingly central role? What is the future role of a legal framework that is mainly 

based on a 20th century industry setting? What is already clear and certain is that new 

technical developments will have a fundamental impact on the global labor market within the 

next few years, not just on industrial jobs but on the core of human tasks in the service sector 

that are considered „untouchable‟. Economic structures, working relationships, job profiles 

and well-established working time and remuneration models will undergo major changes.  

 

In interpreting the technological role of artificial intelligence, we need to understand that for 

a physical robot its environment is the real world, which can be a human environment (for 

social robots), a city street (for an autonomous vehicle), a care home or hospital (for a care or 

assisted living robot), or a workplace (for a workmate robot). The 'environment' of a software 

AI is its context, which might be clinical (for a medical diagnosis AI), or a public space for 

face recognition in airports, for instance, or virtual for face recognition in social media. But, 

like physical robots, software AIs almost always interact with humans, whether via question 
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and answer interfaces: via text for chatbots, or via speech for digital assistants on mobile 

phones or in the home (Frederick et al, 2017). 

 

Frey and Osborne (2013) calculated that there is a high probability that 47 percent of U.S. 

workers will see their jobs become automated over the next 20 years due to the fluxing 

growth of Artificial Intelligence (AI). According to their analysis, telemarketers, title 

examiners, hand sewers, mathematical technicians, insurance underwriters, watch repairers, 

cargo agents, tax preparers, photographic process workers, new accounts clerks, library 

technicians, and data-entry specialists have a 99 percent chance of having their jobs 

computerized. At the other end of the spectrum, recreational therapists, mechanic supervisors, 

emergency management directors, mental health social workers, audiologists, occupational 

therapists, health care social workers, oral surgeons, etc. 

 

Decision Support System as a Tool for Sentiment Analysis 

A Decision Support System (DSS) is a computerized information system used to support 

decision-making in an organization or a business. A DSS lets users sift through and analyze 

massive amounts of data, and compile information that can be used to solve problems and 

make better decisions. Decision support systems allow for more informed decision-making, 

timely problem-solving and improved efficiency for dealing with problems with rapidly 

changing variables. The DSS can be used by operations management and other planning 

levels in an organization to compile information and data, and to synthesize it into actionable 

intelligence 

 

This allows the end user to make more informed decisions at a quicker pace. The DSS can 

either be completely computerized or powered by humans. In some cases, they may combine 

both. The ideal systems use and analyze information to make decisions for the user. Typical 

information used by a DSS includes target or projected revenue and sales Figureures, sales 
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Figureures from different time periods, and other inventory. As technology continues to 

advance, data analysis is no longer limited to large, bulky mainframe computers. Since a DSS 

is essentially an application, it can be loaded on most computer systems including laptops. 

Certain DSS applications are also available through mobile devices. The flexibility of the 

DSS is extremely beneficial for users who travel frequently. This gives them the opportunity 

to be well-informed at all times which, in turn, provides them with the ability to make the 

best decisions for their company and customers at any time. Rajni (2016) interpreted DSS as 

a computer-based information system that supports business or organizational decision-

making activities (Caroline, 2014). 

 

DSSs serve the management, operations, and planning levels of an organization and help to 

make decisions, which may be rapidly changing and not easily specified in advance. DSSs 

include knowledge-based systems. A properly designed DSS is an interactive software-based 

system intended to help decision makers compile useful information from a combination of 

raw data, documents, personal knowledge, or business models to identify and solve problems 

and make decisions. Typical information that a decision support application might gather and 

present are inventories of information assets including legacy and relational data sources, 

cubes, data warehouses, data marts, comparative production Figureures between one period 

and the next or the projected revenue Figureures based on production and demand 

assumptions (Caroline, 2014). 

Overview of Decision Support System Types 

There are a number of decision support systems. These can be categorized into five types: 

communications driven DSS, data driven DSS, document driven DSS, knowledge driven 

DSS and model driven DSS. A communication driven DSS supports more than one person 

working on a shared task. Many collaborators work together to come up with a series of 

decision to set in motion a solution or strategy. Most communications driven DSSs are 
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targeted at internal teams, including partners. The most commons technology used to deploy 

the DSS is a web or a client server. In general, groupware, bulletin boards, audio and video 

conferencing are the primary technologies for communication driven decision support. Data 

driven DSS model puts its emphasis on collected data that is then manipulated to fit the 

decision maker‟s needs. This data can be internal, external and in a variety of formats. This 

model emphasizes access to and manipulation of a time series of internal company data and 

sometimes external and real time data. Simple file systems accessed by query and retrieval 

tools provide the most elementary level of functionality. Most data driven DSSs are targeted 

at managers, staff and also product / service suppliers.  

 

It is used to query a database or data warehouse to seek specific answers for specific 

purposes. It is deployed via a main frame system, client server link or via web. Document 

driven DSSs are more common, targeted at a broad base of user groups. The purpose of such 

a decision support system is to search web pages and find documents on a specific set of 

keywords or search terms. This model uses computer storage and processing technologies to 

provide document retrieval and analysis. A document driven DSS model uses documents in a 

variety of data type such as text documents, spreadsheets and database records to come up 

with decisions and manipulate the information to refine strategies. The usual technology used 

to set up such decision support systems are via web or a client / server system (Antyuen et al, 

2018).  

Knowledge driven DSSs are a catch-all category covering a broad range of systems covering 

users within the organization setting it up, but may also include others interacting with the 

organization. It is essentially used to provide management advice or to choose products or 

services. Knowledge-driven DSS can suggest or recommend actions to managers. These DSS 

are person-computer systems with specialized problem-solving expertise. The expertise 

consists of knowledge about a particular domain, understanding of problems within that 
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domain, and skill at solving some of these problems. The typical deployment technology used 

to set up such systems could be client / server systems, the web, or software running on 

stand-alone PCs. Model driven DSSs are complex systems that help analyze decisions or 

choose between different options. A model driven DSS emphasizes access to and 

manipulation of financial, optimization and / or simulation models. Simple quantitative 

models provide the most elementary level of functionality. Model-driven DSS use limited 

data and parameters provided by decision makers to aid decision makers in analyzing a 

situation, but in general large data bases are not needed for model-driven DSS.  

 

These are used by managers and staff members of a business, or people who interact with the 

organization, for a number of purposes depending on how the model is set up. These DSSs 

can be deployed via software / hardware in stand-alone PCs, client/server systems or the web. 

In this regard, based on its focused application, analysis information system is a common 

subset shared by both data-oriented DSS and model oriented DSS. File drawer systems and 

data analysis systems are present in the data-oriented DSS, whilst the rest of DSS types are 

present in the model-oriented DSS. Today‟s decision making importance to manage 

organizations is clear as management decisions couldn't rely on ingenuity, intuition and 

personal judgments but should be on the basis of scientific and statistics studies. As one of 

the main manager‟s duties in organizations is decision making (Antyuen et al., 2018).   

 

Decision Tree as a Predictive Expert Tool for Sentiment Analysis 

A decision tree is a decision support tool that uses a tree-like model of decisions and their 

possible consequences, including chance event outcomes, resource costs, and utility. It is one 

way to display an algorithm that only contains conditional control statements. Decision trees 

are commonly used in operations research, specifically in decision analysis, to help identify a 

strategy most likely to reach a goal, but are also a popular tool in machine learning. A 
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decision tree is drawn upside down with its root at the top. The end of the branch that doesn‟t 

split anymore is the decision/leaf, in this case, whether the passenger died or survived, 

represented as red and green text respectively. Although, a real dataset will have a lot more 

features and this will just be a branch in a much bigger tree, but you can‟t ignore the 

simplicity of this algorithm. The feature importance is clear and relations can be viewed 

easily. This methodology is more commonly known as learning decision tree from data and 

above tree is called Classification tree as the target is to classify passenger as survived or 

died. Regression trees are represented in the same manner; just they predict continuous values 

like price of a house. In general, Decision Tree algorithms are referred to as CART or 

Classification and Regression Trees (Antyuen et al, 2018).   

 

Regression Analysis as a Predictive Expert Tool for Sentiment Analysis 

In statistics, regression analysis is used to model the probability of a certain class or event 

existing such as pass/fail, win/lose, alive/dead or healthy/sick. This can be extended to model 

several classes of events such as determining whether an image contains a cat, dog, lion, etc. 

Each object being detected in the image would be assigned a probability between 0 and 1, 

with a sum of one. Logistic regression is a statistical model that in its basic form uses a 

logistic function to model a binary dependent variable, although many more complex 

extensions exist. In regression analysis, logistic regression (or logit regression) is estimating 

the parameters of a logistic model (a form of binary regression). Mathematically, a binary 

logistic model has a dependent variable with two possible values, such as pass/fail which is 

represented by an indicator variable, where the two values are labeled "0" and "1".  

 

In the logistic model, the log-odds (the logarithm of the odds) for the value labeled "1" is a 

linear combination of one or more independent variables ("predictors"); the independent 

variables can each be a binary variable (two classes, coded by an indicator variable) or a 

continuous variable (any real value). The corresponding probability of the value labeled "1" 
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can vary between 0 (certainly the value "0") and 1 (certainly the value "1"), hence the 

labeling; the function that converts log-odds to probability is the logistic function, hence the 

name. The unit of measurement for the log-odds scale is called a logit, from logistic unit, 

hence the alternative names. Analogous models with a different sigmoid function instead of 

the logistic function can also be used, such as the probit model; the defining characteristic of 

the logistic model is that increasing one of the independent variables multiplicatively scales 

the odds of the given outcome at a constant rate, with each independent variable having its 

own parameter; for a binary dependent variable this generalizes the odds ratio. 

 

Neural Network as a Predictive Expert Tool for Sentiment Analysis 

A Neural Network is a system that is patterned after the operation of the human brain, and is 

used to solve complex pattern recognition problems. Deep neural networks facilitate the 

learning of complex function by a machine through representation-learning method with 

multiple representations obtained by composing simple but non-linear modules that each 

transforms the representation at one level (starting with raw input data) into a representation 

at higher level. The representation learning is a set of methods that allows the machine to be 

fed with or receive raw data and to automatically discover the representation required for 

detection or classification. Deep learning solves this central problem in representation 

learning by introducing representations that are expressed in terms of other simpler 

representations and enables the computer to build complex concepts out of simpler ones.  

 

In statistical machine learning, a major issue is the selection of an appropriate feature space 

where input instances have desired properties for solving a particular problem. For example, 

in the context of supervised learning for binary classification, it is often required that the two 

classes are separable by a hyper-plane. In the case where this property is not directly satisfied 

in the input space, one is given the possibility to map instances into an intermediate feature 

space where the classes are linearly separable. This intermediate space can be specified 
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explicitly by hand-coded features, be defined implicitly with a so-called kernel function, or 

be automatically learned. In both of the first cases, it is the user‟s responsibility to design the 

feature space. This can incur a huge cost in terms of computational time or expert knowledge, 

especially with highly dimensional input spaces, such as when dealing with images. 

Furthermore, a neural network uses a greedy unsupervised layer-wise pre-training stage 

followed by a supervised fine-tuning stage affecting all layers. 

Methodology 

The method adopted by the study for the proposed system design is Agile Software 

Development Method. Agile software development refers to software development 

methodologies centered round the idea of iterative development, where requirements and 

solutions evolve through collaboration between self-organizing cross-functional teams. The 

ultimate value in agile development is that it enables teams to deliver value faster, with 

greater quality and predictability, and greater aptitude to respond to change. Scrum and 

Kanban are two of the most widely used agile methodologies. The study intends to approach 

the Scrum type of the Agile Software Development Method. Furthermore, the Agile method 

generally promotes a disciplined project management process that encourages frequent 

inspection and adaptation, a leadership philosophy that encourages teamwork, self-

organization and accountability, a set of engineering best practices intended to allow for rapid 

delivery of high-quality software, and a business approach that aligns development with 

customer needs and company goals. Agile development refers to any development process 

that is aligned with the concepts of the Agile Manifesto. 

 

AGile Scrum  

The Agile Scrum process is distinguished from other agile processes by specific concepts and 

practices, divided into the three categories of Roles, Artifacts, and Time Boxes. These and 

other terms used in Scrum are defined below. Scrum is most often used to manage complex 
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software and product development, using iterative and incremental practices. Scrum 

significantly increases productivity and reduces time to benefits relative to classic “waterfall” 

processes.  

 In the machine learning process, the Scrum process implements a sprint which is a key unit 

of iterative development which runs for approximately 2–4 weeks and includes all of the 

activities depicted indicated in Figure. 3.1. A typical sprint allows for access to raw data from 

a new or existing data source, perform feature ideation and engineering, and then re-train and 

test the machine learning model before deploying it to an endpoint or performing batch 

scoring. The accuracy of the model at the end of the sprint is less important than the accuracy 

improvement over the previous sprint (Dougherty, 2019). 

 

Sprint 0, which is the first sprint has a slightly different structure because it focuses on laying 

the groundwork for future sprints. The data scientist will create the feature engineering and 

model training pipeline during Sprint 0. This is greatly accelerated if the data scientist has 

access to a "machine learning workbench" of some kind, which already has access to data 

sources and software or packages for model development. Sprint 0 is also the point at which 

most relevant candidate algorithms most appropriate for the data types and business 

stakeholders are selected. The second level is the Sprint review which entails the 

development team providing an update review to stakeholders of the recent engineered 

features, an update on model accuracy, and progress toward the business outcome are among 

the topics covered. This gives an excellent opportunity to review an updated feature 

importance ranking which shows which inputs and start building trust in the product. Finally, 

the backlog refinement process is performed before each sprint, as the team will re-prioritize 

the backlog based on the results of the previous sprint. This is an opportunity to solicit 

feedback from cross-functional stakeholders on the benefits of various data sources and the 

challenges of integration.(Guiza, 2018; Dougherty, 2019).  
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Figure.3.1 shows the diagrammatic illustration of the Agile Software Development Method. 

In addition, the study will keenly follow the steps of the adopted method. 

 

 

Figure 3.1: Structure of Agile Machine Learning Sprint 

(Source: Dougherty, 2019) 

 

Analysis of the Existing System 

The existing system depicted in Figure.3.2 addressed by the study is a model for predictive 

techniques and methods for decision support in situations with poor data quality. The model 

was designed to proffer accurate solutions and methods to information mining systems. The 

adopted predictive techniques and methods used in developing the model encompassed 

information fusion, ensemble and rule extraction. Furthermore, the rule extraction is 

performed to facilitate decision support for manual adjustments of predictions with high 

uncertainty. In this way the ensemble can be used in spite of insufficient global performance 
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and the need of manual adjustments are minimized. Information fusion is about fusing 

information from different sources in order to facilitate understanding or providing 

knowledge that is not evident from the individual sources. Closely related terms (or research 

areas) are data mining and knowledge discovery, two terms commonly used from an artificial 

intelligence (AI) perspective for the extraction of regularities from large data sets. 

Information fusion not only deals with actual fusion processes, but also with how the results 

of these processes can be used to improve decision-making.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Existing System Architecture of a Decision Model using Predictive Experts 

Technique 

(Source: Konig, 2020) 
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Description of the Existing System Components 

The following components of the existing system are: 

a) Predictive Experts: This component represents tools used for predictive analytics 

before decision is reached. Predictive analytics is the use of advanced analytic techniques that 

leverage historical data to uncover real-time insights and to predict future events. For the first 

time, organizations of all sizes can have the tools to embed predictive analytics into their 

business processes and to harness AI at scale. 

b) Decision Model Representation: This component represents an intellectual template 

for perceiving, organizing, and managing the business logic behind a business decision. 

Regardless, it is these business rules or statements (more accurately, their intended logic) that 

are modeled in a Decision Model structure adhering to the Decision Model principles. 

c) Training Data: This component represents a process used to help a program 

understand how to apply technologies like neural networks to learn and produce sophisticated 

results. Training data is also known as a training set, training dataset or learning set. 

d) Trained Decision Model: This component represents the programmed automation of 

then decision model by algorithms and neural networks. 

e) Test Data: This component represents a testing process specifically identified for use in 

tests, typically of a computer program. Some data may be used in a confirmatory way, 

typically to verify that a given set of input to a given function produces some expected result. 

f) Prediction: This component represents an estimation made from observations 

 

Predictive Expert Deployed in Existing System  

The process of deployed the knowledge base from a given input to output using Predictive 

Expert systems Figure 3.3 the knowledge base which Identity Resolution Rule base covers 

the rules that describe the model in how the system extra data from the rule base model and 
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database model, Rule base model implementation those rules that take place during modeling 

in the data preprocessing and predictive analytics. Data preparation tasks are performed 

multiple times and not in every prescribed order. In-database mining capabilities integrated 

with these workflows can push data preparation, transformation and even modeling 

algorithms into an organization‟s data infrastructure, improving throughput by reducing data 

movement. Inference Engine it control structure (rule interpreter) and provides system for 

reasoning. It acts as an interpreter that analyzes and processes the directions. It is used to 

perform the task of matching antecedents from the responses given by the users and firing 

rules. In-memory and other high performance analytic capabilities as well as intelligent 

automation of modeling activities can be applied as appropriate in the steps defined in the 

workflows. Predictive analytics is the use of advanced analytic techniques that leverage 

historical data to find real time insights and to predict and forecast accurate result 

automatically.  

 

Figure 3.3: Predictive Expert Deployed in Existing System (Source: Konig, 2020) 
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Figure 3.4: Data Flow Diagram of the Existing System. (Source: Konig, 2020) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5: Algorithm of the Existing System (Source: Konig, 2020) 
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Design of the Proposed System 

This section describes the process of defining components, modules, interfaces, and datasets 

for a system to satisfy specified requirements. In addition, it is also the process of creating or 

altering systems, along with the processes, practices, models, and methodologies used to 

develop them. 
 

Tools for Designing the Proposed System 

The proposed system deploys an ensemble machine learning algorithm for the classification 

process of the sentiment analysis system using decision tree, regression analysis and neural 

network respectively. The output of the ensemble is further passed into the predictive expert 

for further classification and analysis respectively. Figureure 3.8 illustrates the architecture of 

the proposed system showing the implementation of sentiment analysis ensemble for the 

optimization of the model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6: Proposed System Architecture 
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Predictive Technologies used in the Study 

The improved sentiment analysis system is a combination of three machine learning 

predictive technologies used for enhancing the existing systems as illustrated in the proposed 

system architecture in Figure. 3.7 and 3.8. The different component of the sentiment analysis 

system is an ensemble which combined decision tree, regression analysis and neural network 

predictive techniques respectively. It is important to note that combining several predictive 

technologies can improve prediction accuracy on unseen data and reduce generalization error. 

At the same time, because a combination process or ensemble techniques defines a collection 

of models, it is extremely difficult to express the overall relationship found in the original 

variables. Using an ensemble is thus a choice of a black-box model that prioritizes accuracy 

(Konig, 2020). 

 

Decision Tree 

The decision tree is a machine learning predictive technique that is relatively train faster with 

very efficient predictive accuracy. In this classification problem, the root node is evaluated 

first base on the probabilistic result obtained from the train dataset. The proposed system 

nodes contain various assumptions about the state of a technical indicator with some 

additional feature that enhance the prediction of the current market state, and the truth or 

falsity of these assumptions is determined in both branches. This algorithm generates the 

most "trained" trading decision tree based on daily historical data of the indicators that depict 

High or Low as the final prediction of the tree processing. This extends the usefulness of the 

rule because the level ranges are recalculated on regular basis and therefore reflecting the 

most recent market state. 

 

The decision tree accepts three variables: Moment; Period; and Sample data in a predefined 

range and compute the Means Square Error (MSE) and the bias (i.e. the lost function) as 

value. The data simulation flows through some processing levels which given an acceptable 

gradient and predict High or Low as the direction of the prediction signal that depend on the 

simulation probability as shown in Figure.3.7. 
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Figure 3.7: Decision Tree Showing Trade Decision Signal (Satriyo, et al., 2014) 

 

3.4.2  Regression Analysis 

Regression analysis is the process of estimating the relationship between a dependent variable 

and independent variables. Primarily it means fitting a function from a chosen family of 

functions to the sampled data while accounting for some error function. Anwar (2020), 

opines that it is one of the most fundamental prediction tools in the field of machine learning. 

Regression involves fitting a function to the available data and attempting to predict the 

outcome for future or hold-out data points. Regression analysis being a statistical model for 

the determination of relationship between one or two independent variables or predictor and a 

dependent variable or criterion receives the output from the decision tree, analyses it and 

produces a predicted value for the criterion as a result of the predictors‟ linear combination. 

The output from the regression analysis predictive techniques will be fed into the neural 

network component.  In fitting the function it serves for both interpolation and extrapolation 
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processes which entails estimation of missing data within the data range and estimating future 

data outside the data range. The regression model can be expressed mathematically as 

follows; 

Estimate a function   ( ) Parameterized with    given the data points (     )   

*         +    

 

     u                     ∑   ( (  )   )                                                    Eqn 3.1 

 

Using linear regression whose objective is to fit the hyper plane by minimizing the sum of the 

mean square error for each of the data point we represent it mathematically as; 

Given P data points    (     ) 

      

Where,   

(     )      *         +  

fits the linear function      ( )                   

 and by minimizing this we have:    

      ∑    
     (  )                                             Eqn 3.2 

Here we discover two variables represented by   that parameterize the linear function  ( )          

 

Neural Network  

The artificial neural network (ANN) is a mathematical modeling technique similitude of the 

human brain and it made up of multiple layers which include the input, hidden and output 

layers used to solve optimization problems. ANN is a technique that works well with few 

assumptions and can tolerate noisy and nonlinear data, making it an excellent choice for 

financial time series data. The neural network component of the propose system sentiment 

analysis is a machine learning model designed to predict expectation from given data.  Thus, 
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it accepts set of data and process it in layers that link in vertical column-wise that pass signals 

between the units‟ layers. The propose model as shown in Figure. 3.9 accept four data set in 

time, period, expectation and currency which are grouped into train and evaluation data. The 

train data are further group into train and test data set. The proposed neural network outputs 

are High and Low. High is in favor of increase in the currency exchange rate while Low in 

favor of currency decrease in exchange rate respectively.  

 

The variable adopt in the propose system neural network are in accordance with foreign 

exchange. Thus, Moment is the instance record of expected actual result; the Period is the 

interval in second considers for a particular expectation, Expectation is the actual result at a 

given moment and Currency is the money been trade on at that moment.  

 

Figure 3.8: Artificial Neural Network (Satriyo, et al., 2014) 

Ensemble Model of the Improved Sentiment Analysis and Classification System 

The ensemble model of the Improved Sentiment Analysis and classification system in 

Figureure.3.9 shows the different components that make up the Existing system and proposed 
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system in the Ensemble model design. The input dataset is passed passing into the ensemble 

component of the model after data preprocessing has been performed and the emsemble 

comprising of the decision tree, regressaion analysis and neural network performs performs 

the classificatioin process to reduce the error  margin in the prediction process.  The output of 

this process is passed to the predictive expert, decisioin model represeatation and the trained 

decision model for the final prediction to be performed by the system taking into 

consideration the various dependent and independent variable for forecasting of the foreign 

exchange (FOREX) market activities to enable investors make informed decision. 

 

Figure 3.9: Ensemble Model of the Improved Sentiment Analysis and Classification System 

 

 

https://www.sciencedirect.com/topics/computer-science/generalization-error
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Analysis and Classification System of the Predictive Expert 

The process flow of the proposed system shows the flow of operation in the proposed system 

Figure 3.10, staring from the ensemble sentiment analysis component which comprises of the 

decision tree, regression analysis and neural network model. The ensemble component which 

undertakes the initial classification of the dataset does the classification and predictive 

function and passes it to the predictive expert and so on.  

 

The sentiment analysis ensemble combines the stated model thereby improving the prediction 

accuracy on unseen data to reduce generalization error. The predictive expert component 

represents the tools used for predictive analytics prior to making a decision. Predictive 

analytics is the application of advanced analytic techniques to historical data in order to 

uncover real-time insights and predict future events. For the first time, organizations of all 

sizes will be able to embed predictive analytics into their business processes and leverage AI 

at scale. Because the decision model representation is a mental template for recognizing, 

organizing, and managing the business logic behind a business choice. They are modeled in a 

Decision Model structure that adheres to the Decision Model principles. The trained decision 

component prior to prediction enable the model to learn how to apply technologies like neural 

networks and produce sophisticated results, a program uses this component as a guide. In 

addition to the term "training data," other terms for it include "training dataset" and "learning 

dataset." Finally, the prediction component represents estimation made from observations. 
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Figure 3.10: Analysis and Classification System of the Predictive Expert System 

 

Mathematical Model of the Proposed System 

Development of mathematical approaches for sentiment analysis and classification systems 

using ensemble of predictive experts. Figure 3.11 with regression analysis, decision tree and 

neural network in Forex forecast to solving this problem: model base, model development 

environments, model management system, data management interface management, model 

directory, model execution environment, knowledge management, interface management and 

solvers. The development of foreign forecast it determine the strength of signal of which the 

sentiment of the exchange of currency is could be low or high using the ensemble expert 

knowledge prediction. The mathematical model plays a vaster role in the development of 
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regression analysis, decision tree and neural network prediction; they interact with each other 

and performance automatic prediction.  

 

Figure 3.11: Mathematical Model of the Proposed System 
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Activity Diagram of the Proposed System 

Figure.3.12. Shows the Proposed System Activity Diagram. Activity diagrams are graphical 

representations of workflows of stepwise activities and actions with support for choice, 

iteration and concurrency. In the Unified Modeling Language, activity diagrams are intended 

to model both computational and organizational processes (i.e., workflows), as well as the 

data flows intersecting with the related activities. Although activity diagrams primarily show 

the overall flow of control, they can also include elements showing the flow of data between 

activities through one or more data stores. Activity Diagrams describe how activities are 

coordinated to provide a service which can be at different levels of abstraction. Typically, an 

event needs to be achieved by some operations, particularly where the operation is intended 

to achieve a number of different things that require coordination, or how the events in a 

single use case relate to one another, in particular, use cases where activities may overlap and 

require coordination. It is also suitable for modeling how a collection of use cases coordinate 

to represent business workflows.  

 

Furthermore, the basic purposes of activity diagrams are similar to other four diagrams. It 

captures the dynamic behavior of the system. Other four diagrams are used to show the 

message flow from one object to another but activity diagram is used to show message flow 

from one activity to another. Activity is a particular operation of the system. Activity 

diagrams are not only used for visualizing the dynamic nature of a system, but they are also 

used to construct the executable system by using forward and reverse engineering techniques. 

The only missing thing in the activity diagram is the message part. It does not show any 

message flow from one activity to another. Activity diagram is sometimes considered as the 

flowchart. Although the diagrams look like a flowchart, they are not. It shows different flows 

such as parallel, branched, concurrent, and single. 
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Figure 3.12: Activity Diagram of the Proposed System 
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Figure 3.13: Data Flow Diagram of the Proposed System 
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Figure 3.14: Algorithm of the Proposed System 
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Step 7:  Train Decision Model with TFP 
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Step 9:  Test Decision Model Prediction with TS 

Step 10: Alert Decision Model Prediction as Output 
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Figure 3.15: Algorithmic Breakdown of the Applied Predictive Experts 
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Figure 3.16: Flowchart of the Proposed System 
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Figure 3.17: Data Model of the Proposed System 
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Tables 3.1, 3.2 and 3.3 show the output and input specifications and database design 

 

Table 3.1: Output Specification 

Field Name Field Type  Field Size Null Default 

First_Name Varchar 30 No None 

Last_Name Varchar 30 No None 

DoB Date (mm/dd/yy) 6 No None 

Address Varchar 100 No None 

Mobile Varchar  12 No None 

Gender Varchar 6 No None 

Email Varchar 20 No None 

Username Varchar 10 No None 

Password Varchar 20 No None 

Foreign Exchange Test-

Sets 
 

Varchar 10 No None 

Results of Prediction Varchar 10 No None 
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Table 3.2: Input Specification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Field Name Field Type Field Size Null Default 

First_Name Varchar 30 No None 

Last_Name Varchar 30 No None 

DoB Date (mm/dd/yy) 6 No None 

Address Varchar 100 No None 

Mobile Varchar 12 No None 

Gender Varchar 6 No None 

Email Varchar 20 No None 

Foreign Exchange Test-

Sets 

Varchar 10 No None 
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Table 3.3: Database Design Details 

Field Name Data Type Description Field Size Missing 

Value 

Alignment 

First_Name Varchar First Name of user 30 None Center 

Last_Name Varchar Last Name of user 30 None Center 

DoB Date 

(mm/dd/yy) 

Date of Birth of user 6 None Center 

Address Varchar Residential Address 

of user 

100 None Center 

Mobile Varchar Phone Number of 

user 

12 None Center 

Gender Varchar Gender description 

of user 

6 None  Center 

Email Varchar Email of user 20 None Center 

Username Varchar Username of user 10 None Center 

Password Varchar Corresponding 

Password of user 

20 None Center 

Foreign 

Exchange Test-

Sets 

Varchar Information for 

forecasting the 

foreign exchange 

market 

10 None Center 

 

 

Advantages of the Proposed System 

The newly developed system will ensure accurate decision making in the foreign exchange 

market via an ensemble of efficient predictive experts. Furthermore, the proposed system 

enables all processes concerning data modification before modeling to be known. In addition, 

the proposed system adopts a cross validation technique when forecasting data. The 

mentioned technique is a more systematic approach to random subsampling. Instead of 

choosing the holdout set randomly several times, each instance is randomly assigned to one 

of k equal sized subsets or folds before training. Next, k models are trained each using one of 
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the folds as test set and the other k-1 folds as training so that each fold is used as a test set 

once. In this way cross validation utilizes all instances and each instance is used once for 

testing and k-1 times for training. 

 

Implementation 

This section discusses the program implementation and outputs of the proposed system for an 

improved sentiment analysis and classification system using an ensemble of predictive 

experts. Furthermore, the implementation requirements for the proposed system were also 

given. 

a)  Hardware Requirement 

i)  Processor: at least 600-MHZ Pentium III-class processor recommended. 

ii) Hard disk: at least 10GB of available space required on system drive, 3.3 GB of available 

space required on installation drive. 

iii) Display super VGA (1024 x 768) or higher resolution display with 256 colors 

iv) RAM: Minimum requirement of 4GB for best performance 

v) CD-ROM Drive  

vi) USB port enabled 

vii) Sound card and speakers (optional) 

 

b) Software Requirement 

i) Operating system: Linux, windows vista, Microsoft windows 7, 8 and 10 

ii) Python 2.7 Plugins and Interpreter (i.e. Jython or JPython) 

iii) Netbeans 8.2RC IDE/ Java Development Kit (JDK)/ Java Virtual Machine (JVM) 

iv) Xampp Server/MySQL/Firefox or Chrome Browser and Web-based Tools 

v) User Manual 
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c) Choice and Justification of Programming Language used 

Python is a high-level and general-purpose programming language. Python's design 

philosophy emphasizes code readability with its notable use of significant whitespace. Its 

language constructs and object-oriented approach aim to help programmers write clear, 

logical code for small and large-scale projects. Furthermore, python is also compatible with 

other programming languages such as Java and C++. 

 

Python is dynamically typed and garbage-collected. It supports multiple programming 

paradigms, including structured (particularly, procedural), object-oriented, and functional 

programming. Python is often described as a "batteries included" language due to its 

comprehensive standard library. 

 

Python was created in the late 1980s, and first released in 1991, by Guido van Rossum as a 

successor to the ABC programming language. Python 2.0, released in 2000, introduced new 

features, such as list comprehensions, and a garbage collection system with reference 

counting, and was discontinued with version 2.7 in 2020. Python 3.0, released in 2008, was a 

major revision of the language that is not completely backward-compatible and much Python 

2 code does not run unmodified on Python 3.0.  

 

Python interpreters are supported for mainstream operating systems and available for a few 

more (and in the past supported many more). A global community of programmers develops 

and maintains CPython, a free and open-source reference implementation. A non-profit 

organization, the Python Software Foundation, manages and directs resources for Python and 

CPython development. 

d)  Program Outputs and Discussion 

Figure 4.1 shows the initialization of our Python Project in Netbeans 8.2RC IDE. NetBeans is 

an integrated development environment (IDE) for Java and other Object-Oriented 
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programming languages. Plate 4.1 shows the welcome page of the newly developed 

sentiment analysis and classification system for Forex prediction. Furthermore, the welcome 

page consists of two navigation links namely the new user registration and forex analysis and 

prediction. The registration link navigates the user to the registration page (Figure. 4.2), while 

the forex analysis and prediction link navigates the user to the forex forecasting page (Figure 

4.3). 

 

The system validates the registered user access by requesting for a username and 

corresponding password. Figure 4.3 is the forex dataset input page in which the user enters 

before proceeding to view the prediction result. Figure. 4.4 show the forex prediction result 

which was made possible by the combination of predictive experts such as decision tree, 

regression analysis and neural networks. The concept of the newly developed system is 

entirely based on automated data prediction. Classification or predictive analysis or 

supervised learning is a process in which you can train a model based on existing data and 

predict the values of new samples by the trained model. This is one of the most complicated 

tasks in Machine Learning, but we made it as simple as possible. “Prediction” refers to the 

output of an algorithm after it has been trained on a historical dataset and applied to new data 

when forecasting the likelihood of a particular outcome, such as whether or not a customer 

will churn in 30 days. In the exported file of the classified samples, the probabilities of all 

classes are presented. In addition, the highest probability and Best Class as the result of 

prediction is presented. In some domains, probabilities are important; it all depends on your 

use case and goals of exploration. 
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Figure 4.1: Initialization of Python Project in Netbeans 8.2RC IDE 
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Plate 4.2: Welcome Page of the newly developed Sentiment Analysis System 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3: New User Registration Page 
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Figure 4.4: Forex Data Input Page 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Forex Prediction Result 
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Results 

Tables 4.1, 4.2, 4.3 and Figure 4.5 respectively shows the Existing System Result, New 

System Result and their comparative analysis. 

 

Table 4.1: Existing System Result (Source: Konig, 2020) 

SN. USERS DOLLAR 

PREDICTION 

NUMBER OF 

ADOPTED 

PREDICTIVE 

EXPERT(s) 

MODEL 

PREDICTION 

ACCURACY 

RATE (%) 

1. User 1 High Not Stated 74 

2. User 2 High Not Stated 41 

3. User 3 High Not Stated 61 

4. User 4 Medium Not Stated 32 

5. User 5 Low Not Stated 54 

6. User 6 High Not Stated 18 

7. User 7 High Not Stated 50 

8 User 8 Low Not Stated 74 

9 User 9 Low Not Stated 61 

10 User 10 Medium Not Stated 44 

11 User 11 High Not Stated 52 

12 User 12 High Not Stated 64 

13 User 13 High Not Stated 58 

14 User 14 Medium Not Stated 49 

15 User 15 Low Not Stated 64 

16 User 16 High Not Stated 51 

17 User 17 High Not Stated 61 

18 User 18 Low Not Stated 52 

19 User 19 Low Not Stated 54 

20 User 20 Medium Not Stated 48 

21 User 21 High Not Stated 59 

22 User 22 High Not Stated 74 

23 User 23 High Not Stated 61 

24 User 24 Medium Not Stated 61 
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Table 4.1: Existing System Result (Source: Konig, 2020) Cont’d 

SN. USERS DOLLAR 

PREDICTION 

NUMBER OF 

ADOPTED 

PREDICTIVE 

EXPERT(s) 

MODEL 

PREDICTION 

ACCURACY 

RATE (%) 

25 User 25 Low Not Stated 62 

26 User 26 High Not Stated 54 

27 User 27 High Not Stated 58 

28 User 28 Low Not Stated 69 

29 User 29 Low Not Stated 54 

30 User 30 Medium Not Stated 61 

31 User 31 High Not Stated 61 

32 User 32 High Not Stated 42 

33 User 33 High Not Stated 74 

34 User 34 Medium Not Stated 18 

35 User 35 Low Not Stated 59 

36 User 36 High Not Stated 54 

37 User 37 High Not Stated 61 

38 User 38 Low Not Stated 61 
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Table 4.2:  New System Result 

SN USERS DOLLAR 

PREDICTION 

NUMBER OF ADOPTED 

METHOD(s) 

MODEL PREDICTION 

ACCURACY RATE (%) 

1. User 1 High Decision Tree, Regression 

Analysis and Neural Network 

74 

2. User 2 High Decision Tree, Regression 

Analysis and Neural Network 

41 

3. User 3 High Decision Tree, Regression 

Analysis and Neural Network 

61 

4. User 4 Medium Decision Tree, Regression 

Analysis and Neural Network 

32 

5. User 5 Low Decision Tree, Regression 

Analysis and Neural Network 

54 

6. User 6 High Decision Tree, Regression 

Analysis and Neural Network 

18 

7. User 7 High Decision Tree, Regression 

Analysis and Neural Network 

50 

8 User 8 Low Decision Tree, Regression 

Analysis and Neural Network 

74 

9 User 9 Low Decision Tree, Regression Analysis and 

Neural Network 

61 

10 User 10 Medium Decision Tree, Regression Analysis and  

Neural Network 

44 

11 User 11 High Decision Tree, Regression Analysis and  

Neural Network 

52 

12 User 12 High Decision Tree, Regression Analysis and  

Neural Network 

64 

13 User 13 High Decision Tree, Regression Analysis and  

Neural Network 

58 

14 User 14 Medium Decision Tree, Regression Analysis and  

Neural Network 

49 

15 User 15 Low Decision Tree, Regression Analysis and  

Neural Network 

64 

16 User 16 High Decision Tree, Regression Analysis and  

Neural Network 

51 

17 User 17 High Decision Tree, Regression Analysis and  

Neural Network 

61 
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Table 4.2: New System Result Cont’d 

SN USERS DOLLAR 

PREDICTION 

NUMBER OF ADOPTED 

METHOD(s) 

MODEL PREDICTION 

ACCURACY RATE (%) 

19 User 19 Low Decision Tree, Regression Analysis and 

Neural Network 

54 

 

20 User 20 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

48 

21 User 21 High Decision Tree, Regression Analysis and  

Neural Network 

 

59 

22 User 22 High Decision Tree, Regression Analysis and  
Neural Network 

 

74 

23 User 23 High Decision Tree, Regression Analysis and  

Neural Network 

 

61 

24 User 24 Medium Decision Tree, Regression Analysis and  

Neural Network 

 

   61 

25 User 25 Low Decision Tree, Regression Analysis and  

Neural Network 

 

62 

26 User 26 High Decision Tree, Regression Analysis and 
Neural Network 

 

54 

27 User 27 High Decision Tree, Regression Analysis and 

Neural Network 

 

58 

28 User 28 Low Decision Tree, Regression Analysis and 

Neural Network 

 

69 

29 User 29 Low Decision Tree, Regression Analysis and 

Neural Network 

 

54 

30 User 30 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

61 

31 User 31 High Decision Tree, Regression Analysis and 

Neural Network 

 

61 

32 

 

User 32 High Decision Tree, Regression Analysis and 

Neural Network 

 

42 

33 User 33 High Decision Tree, Regression Analysis and 

Neural Network 
 

74 

34 User 34 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

18 

35 User 35 Low Decision Tree, Regression Analysis and 

Neural Network 

 

59 
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Table 4.2: New System Result Cont’d 

SN USERS DOLLAR 

PREDICTION 

NUMBER OF ADOPTED 

METHOD(s) 

MODEL PREDICTION 

ACCURACY RATE (%) 

36 User 36 High Decision Tree, Regression Analysis and 

Neural Network 

 

54 

37 User 37 High Decision Tree, Regression Analysis and 
Neural Network 

61 

38 User 38 Low Decision Tree, Regression Analysis and 

Neural Network 

 

61 

39 User 39 High Decision Tree, Regression Analysis and 
Neural Network 

 

74 

40 User 40 High Decision Tree, Regression Analysis and 

Neural Network 

 

41 

41 User 41 High Decision Tree, Regression Analysis and 

Neural Network 

61 

 42 User 42 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

32 

43 User 43 Low Decision Tree, Regression Analysis and 

Neural Network 

 

54 

44 User 44 High Decision Tree, Regression Analysis and 

Neural Network 

 

18 

45 User 45 High Decision Tree, Regression Analysis and 

Neural Network 

 

50 

46 User 46 Low Decision Tree, Regression Analysis and 

Neural Network 

 

74 

47 User 47 Low Decision Tree, Regression Analysis and 

Neural Network 

 

61 

48 User 48 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

44 

49 User 49 High Decision Tree, Regression Analysis and 

Neural Network 

 

52 

50 User 50 High Decision Tree, Regression Analysis and 

Neural Network 

 

64 

51 User 51 High Decision Tree, Regression Analysis and 

Neural Network 

 

58 
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Table 4.2: New System Result Cont’d 

SN USERS DOLLAR 

PREDICTION 

NUMBER OF ADOPTED 

METHOD(s) 

MODEL PREDICTION 

ACCURACY RATE (%) 

52 User 52 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

49 

53 User 53 Low Decision Tree, Regression Analysis and  
 

Neural Network 

64 

54 User 54 High Decision Tree, Regression Analysis and 

Neural Network 

 

51 

55 User 55 High Decision Tree, Regression Analysis and 

Neural Network 

 

61 

56 User 56 Low Decision Tree, Regression Analysis and 

Neural Network 

52 

57 User 57 Low Decision Tree, Regression Analysis and 

Neural Network 

 

54 

58 User 58 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

48 

59 User 59 High Decision Tree, Regression Analysis and 
Neural Network 

 

59 

60 User 60 High Decision Tree, Regression Analysis and 

Neural Network 

 

74 

61 User 61 High Decision Tree, Regression Analysis and 

Neural Network 

 

61 

62 User 62 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

61 

63 User 63 Low Decision Tree, Regression Analysis and 

Neural Network 

 

62 

64 User 64 High Decision Tree, Regression Analysis and 

Neural Network 

 

54 

65 User 65 High Decision Tree, Regression  

Analysis and Neural Network 

58 

66 User 66 Low Decision Tree, Regression Analysis and 

Neural Network 

 

69 

67 User 67 Low Decision Tree, Regression Analysis and 

Neural Network 

 

54 
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Table 4.2: New System Result Cont’d 

SN. USERS DOLLAR 

PREDICTION 

NUMBER OF ADOPTED 

METHOD(s) 

MODEL PREDICTION 

ACCURACY RATE (%) 

68 User 68 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

61 

69 User 69 High Decision Tree, Regression Analysis and 
Neural Network 

 

61 

70 User 70 High Decision Tree, Regression Analysis and 

Neural Network 

 

42 

71 User 71 High Decision Tree, Regression Analysis and 

Neural Network 

 

74 

72 User 72 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

18 

73 User 73 Low Decision Tree, Regression Analysis and 
Neural Network 

 

59 

74 User 74 High Decision Tree, Regression Analysis and 

Neural Network 

 

54 

75 User 75 High Decision Tree, Regression Analysis and 

Neural Network 

 

61 

76 User 76 Low Decision Tree, Regression Analysis and 

Neural Network 

61 

77 User 77 High Decision Tree, Regression Analysis and 

Neural Network 

 

58 

78 User 78 Medium Decision Tree, Regression Analysis and 

Neural Network 

 

49 

79 User 79 Low Decision Tree, Regression Analysis and 

Neural Network 

 

64 

80 User 80 High Decision Tree, Regression Analysis and 

Neural Network 

 

51 

81 User 81 High Decision Tree, Regression Analysis and 

Neural Network 

 

61 

82 User 82 Low Decision Tree, Regression Analysis and 

Neural Network 
 

52 

83 User 83 Low Decision Tree, Regression Analysis and 

Neural Network 

 

54 
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Table 4.2: New System Result Cont’d 

SN. USERS DOLLAR 

PREDICTION 

NUMBER OF ADOPTED 

METHOD(s) 

MODEL PREDICTION 

ACCURACY RATE (%) 

84 User 84 Medium Decision Tree, Regression Analysis and 

Neural Network 

48 

85 User 85 High Decision Tree, Regression Analysis and 

Neural Network 

59 

86 User 86 High Decision Tree, Regression Analysis and 

Neural Network 

74 

87 User 87 High Decision Tree, Regression Analysis and 
Neural Network 

61 

88 User 88 Medium Decision Tree, Regression Analysis and 

Neural Network 

61 

89 User 89 Low Decision Tree, Regression Analysis and 

Neural Network 

62 

90 User 90 High Decision Tree, Regression Analysis and 

Neural Network 

54 

91 User 91 High Decision Tree, Regression Analysis and 
Neural Network 

58 

92 User 92 Low Decision Tree, Regression Analysis and 

Neural Network 

69 

93 User 93 Low Decision Tree, Regression Analysis and 

Neural Network 

54 

94 User 94 Medium Decision Tree, Regression Analysis and 

Neural Network 

61 

95 User 95 High Decision Tree, Regression Analysis and 

Neural Network 

61 

96 User 96 High Decision Tree, Regression Analysis and 

Neural Network 

42 

97 User 97 High Decision Tree, Regression Analysis and 

Neural Network 

74 

98 User 98 Medium Decision Tree, Regression Analysis and 

Neural Network 

18 

99 User 99 Low Decision Tree, Regression Analysis and 

Neural Network 

59 

100 User 

100 

High Decision Tree, Regression Analysis and 

Neural Network 

 

54 

101 User 

101 

High Decision Tree, Regression Analysis and 

Neural Network 

61 

102 User 

102 

Low Decision Tree, Regression Analysis and 

Neural Network 

61 
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Table 4.3: Comparative Analysis and Performance Evaluation of the Existing and 

New Systems Results (Source: Tables 4.1 and 4.2) 
 
 

SN. RESULT PARAMETERS 

FOR COMPARISON 

VALUES 

Existing System New System 

1. Number of Adopted Methods Not Stated Decision Tree, Regression 

Analysis and Neural 

Network 

2. Number of Predictions carried 

out 

Not Stated Dollars 

3. Number of Accurate Prediction Thirty-Eight Fifty-Eight 

4. Number of Tested Records for 

Prediction 

Thirty-Eight Fifty-Eight 

 

 

 

Figure 4.6: Performance Evaluation Chart 
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Discussion of Results 

Tables 4.1 and 4.2 shows the Existing and New Systems Results which consist of the users, 

the adopted methods, the dollar prediction rate by users of both systems, and the accuracy 

rate of the system. Furthermore, evaluation parameters were extracted for adequate 

comparative analysis and performance evaluation of the Existing and New Systems (Table 

4.3). The parameters used for the analysis of both systems encompassed the number of 

adopted methods, the number of predictions carried out, the number of accurate prediction, 

the number of tested records for prediction and the number of currencies used for prediction. 

The result values for the Existing System based on the mentioned parameters are 1.00, 38.00, 

44.00, 38.00, and 1.00 respectively, while that for the New System is 1.00, 64.00, 58.00, 

64.00, and 1.00 respectively. In other words, the performance evaluation of the existing and 

new systems based on the mentioned parameters clearly showed the new system performing 

better than the existing system. 

 

In addition, the technique behind the robust performance of the new System is the ensemble 

of predictive experts such as deep neural network, regression analysis and decision tree. A 

decision tree is a decision support tool that uses a tree-like model of decisions and their 

possible consequences, including chance event outcomes, resource costs, and utility. It is one 

way to display an algorithm that only contains conditional control statements. Decision trees 

are commonly used in operations research, specifically in decision analysis, to help identify a 

strategy most likely to reach a goal, but are also a popular tool in machine learning. A 

decision tree is drawn upside down with its root at the top. In statistics, regression analysis is 

used to model the probability of a certain class or event existing such as pass/fail, win/lose, 

alive/dead or healthy/sick. This can be extended to model several classes of events such as 

determining whether an image contains a cat, dog, lion, etc. Each object being detected in the 

image would be assigned a probability between 0 and 1, with a sum of one. A Neural 
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Network is a system that is patterned after the operation of the human brain, and is used to 

solve complex pattern recognition problems. Deep neural networks facilitate the learning of 

complex function by a machine through representation-learning method with multiple 

representations obtained by composing simple but non-linear modules that each transforms 

the representation at one level (starting with raw input data) into a representation at higher 

level. The representation learning is a set of methods that allows the machine to be fed with 

or receive raw data and to automatically discover the representation required for detection or 

classification. Deep learning solves this central problem in representation learning by 

introducing representations that are expressed in terms of other simpler representations and 

enables the computer to build complex concepts out of simpler ones. In statistical machine 

learning, a major issue is the selection of an appropriate feature space where input instances 

have desired properties for solving a particular problem. For example, in the context of 

supervised learning for binary classification, it is often required that the two classes are 

separable by a hyper-plane. In the case where this property is not directly satisfied in the 

input space, one is given the possibility to map instances into an intermediate feature space 

where the classes are linearly separable. 

Summary 

The study exhaustively analyzed the role of sentiment analysis in forecasting foreign 

exchange signals in the international trade market. Furthermore, sentiment analysis is 

contextual mining of text which identifies and extracts subjective information in source 

material, and helping a business to understand the social sentiment of their brand, product or 

service while monitoring online conversations. However, analysis of social media streams is 

usually restricted to just basic sentiment analysis and count based metrics. This is akin to just 

scratching the surface and missing out on those high value insights that are waiting to be 

discovered. Forex sentiment analysis is the process of identifying the positioning of traders, 
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whether net long or net short, to influence your own trading decisions in the currency market. 

With the recent advances in deep learning, the ability of algorithms to analyze text has 

improved considerably. Creative use of advanced artificial intelligence techniques can be an 

effective tool for doing in-depth research.  

 

We believe it is important to classify incoming forex trader conversation about signals that 

are best for forex investment. Sentiment Analysis is the most common text classification tool 

that analyses an incoming message and tells whether the underlying sentiment is positive, 

negative our neutral. Sentiment analysis is a type of text research aka mining. It applies a mix 

of statistics, natural language processing (NLP), and machine learning to identify and extract 

subjective information from text files, for instance, a reviewer‟s feelings, thoughts, 

judgments, or assessments about a particular topic, event, or a company and its activities as 

mentioned above. This analysis type is also known as opinion mining (with a focus on 

extraction) or affective rating.  

Conclusion 

In this study, we have developed an Improved Sentiment Analysis and Classification using 

ensemble of predictive experts in foreign exchange (FOREX) forecasting such as decision 

tree, regression analysis and neural network. The work of the predictive experts is to enable 

the model to automatically reason before accurately forecasting and making decision about a 

FOREX investment. Furthermore, the developed model in the study will be a useful tool for 

potential FOREX investors. 

 

Recommendations 

In order to ensure confidence in making accurate FOREX investment decisions, the study 

recommended that the adoption of predictive experts such as deep neural networks, 
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regression analysis, and decision tree technique must be modeled to a sentiment analysis 

system for accurate forecasting of FOREX signals. 

 

Contributions to Knowledge 

The study contributed the following to enhancing sentiment analysis and classification 

systems for accurate forecasting of foreign exchange signals: 

i. An enhanced machine-learning model for automated prediction of FOREX datasets in 

order to optimize decision making 

ii. A unique system for optimizing trust and security in the prediction of FOREX datasets 

in order to optimize decision making 

iii. An enhanced framework for accurately tracking the best FOREX signals using the 

concept of sentiment analysis and predictive experts. 

iv. Predictive experts such as deep neural networks, regression analysis, and decision tree 

technique must be modeled to a sentiment analysis system for accurate forecasting of 

FOREX signals. 
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