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Abstract 
This research develops HIV threat analysis model techniques for HIV risk 
analysis in a population for making informed decisions. The HIV disease is on 
the increase, and HIV/AIDS awareness may not be issued without actual threat 
investigation, to find out people’s behavioral patterns. The motivation for this 
study is to find the solution to challenges in HIV infection. Hence, there is a 
need to develop a model that would investigate threats associated with the 
disease. This research investigates behavioral and demographic data to 
develop a fuzzy-based model. HIV reduces immunity against diseases that 
people with a strong immune system can ward off. This paper compares the 
results of the techniques tested on data obtained from the Virology Department 
of Obafemi Awolowo University Teaching Hospital. The techniques analyzed 
with MATLAB 2018b are adopted, and the triangular membership function was 
used for the system. The evaluation of the fuzzy model was achieved by 
comparing the technique with two past methods. This research indicates that 
the fuzzy logic technique will lead to getting the most accurate result.  

Keywords: Fuzzy logic, HIV, Behavioral pattern, Threat analysis, 
Reliability.  

 
Introduction 
In recent data mining research, various algorithms have been applied to data 
sets from various sources to get information on HIV. Various techniques were 
used to establish relationships and discover new knowledge about HIV. The 
application of fuzzy logic to solve challenges in HIV infection is acknowledged 
because previous techniques have been applied to solve these problems.  HIV 
is a medical challenge that is ravaging the world (Fauci & Lane, 2020). The 
previous techniques are included in this study. 

 
The research papers have contributed immensely by using several 

approaches to predicting the likelihood of diseases. However, none has 
considered using behavioral and demographic data for their prediction. This 
research work focused on the design of a fuzzy logic-based model predictive 
solution to determine and measure the level of risk of HIV epidemics in a 
population using the information on their behavioral and demographic data. 
Hence, the contributions of this study are stated as follows: 
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1. Develops an HIV threat analysis model 
2. Use of behavioral and demographic risk factors relating to HIV 
3. Making informed decisions based on the developed model  
 
 The disease has contributed significantly to about 35.0 million deaths as 
of 2016 with sub-Sahara Africa as the worst with the greatest impact of this 
death (Amuche et al., 2017). There is currently no cure for the disease as it is 
transmitted through various means including sharing infected needles, 
contaminated blood transfusion, and practicing unsafe sex (Interim, 2005). The 
concept of fuzzy logic depends on human thinking and natural activities. The 
fuzzy logic works on the same level of possibilities of input, resulting in definite 
output (Oluwagbemi et al., (2020). Formation of a fuzzy logic knowledge-based 
known as the Fuzzy logic toolbox (Kovacic & Bogdan, 2018).   

 
Recently, computational intelligence has been used on several 

complicated medical issues by developing intelligent systems (Adlassnig, 1986). 
Singla et al. (2020) did a study on kidney diseas diagnosis by using fuzzy logic. 
The paper developed a system in fuzzy logic for the diagnosis of kidney disease. 
Dagar et al. (2015) researched medical diagnosis using fuzzy logic and 
concluded that the technique of fuzzy logic can contribute to a reliable result to 
notify the disease. Annang (2018) predicted HIV status among female sex 
workers in Ghana using data mining techniques. The study, which used 
Random Tree, J48, Naïve Bayes, Logistic regression, and Neural Network 
algorithms determined if a female sex worker has ever tested for HIV. The 
paper adopted the CRISP-DM methodology and concluded that the best 
performance was achieved by a Random Tree classifier with an accuracy of 
98.9%. 

 
Adebayo et al. (2016) did a study on the prediction of pediatric HIV/AIDS 

patient survival. The paper demonstrated how the technique can be used to 
classify the survival of pediatric HIV/AIDS patients with an accuracy of 60% to 
100% for the selected dependent variables. The research concluded that the 
naïve Bayes classifier was able to predict the survival of YES more accurately 
than the survival of NO and about 68% of the survival of NO was correctly 
classified. Young et al. (2017) did a study on how Machine learning approaches 
can be used to assist a domain expert who manually searches social data for 
HIV-related content. The paper used an existing social media dataset that was 
associated with HIV, four commonly used machine learning methods were 
tested to know whether they could learn the patterns associated with HIV risk 
behavior.  
 

El-Halees and Shurrab (2017) worked on the prediction of Blood tumors 
using data mining techniques. The paper concluded that deep learning has the 
highest accuracy of prediction of blood tumors with an accuracy of 79.45%. 
Agarwal et al. (2019) researched the determination of risk factors for Hepatitis 
C. Isakki (2017) did a study on the prediction of HIV patients by a comparative 
study of data mining classification techniques using HIV/AIDS and STD data. 
The study used Decision Tree, Support Vector Machine (SVM), and Naïve 
Bayes’ Classification algorithms. A study conducted by Mei and Zhao (2018) 
predicted HIV-1 and HIV-2 proteins using Chou’s Pseudo amino acid 
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compositions and different classifiers. Ozoh (2021) provides machines with the 
ability to collect data using systems, and then process collected data via 
machine learning methods for predictive purposes and inferring decisions at the 
same level as humans. Implementing accurate and reliable methods is 
important in modeling and predictions, otherwise poor results might occur. This 
research identifies the reliability of evolving predictive models utilizing 
mathematical models (Ozoh et al., 2021).  
 

The research papers have contributed immensely by using several 
approaches to predicting the likelihood of diseases. However, none has 
considered using behavioral and demographic data for their prediction. This 
research work identifies a fuzzy logic-based model predictive solution to 
determine and measure the level of risk of HIV epidemics in a population using 
the information on their behavioral and demographic data. 

 
The fuzzy logic is the most accurate technique compared with the three 

previous methods considered in this study. The previous techniques 
considered are the regression method and the Box-Jenkins technique.    

 
 

Methodology 
The set of data was collected from the Virology Department of Obafemi 
Awolowo University Teaching Hospital. The first stage of data collection 
involves sourcing data from the virology department. The second stage will 
implement the techniques for evaluation. The predictive model was designed 
using FUZZY LOGIC and simulated in MATLAB/Simulink. The overall system 
design of the proposed study is shown in Figure 1.  

 
Figure 1:  Proposed System Design 

 
The evaluation will be carried out using behavioral and demographic 

data of the infected patient. This research models techniques for HIV risk 
prediction which will help individuals, in this case, patients performing 
consultations for self-analysis. This system will behave like an expert, like 
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performing interviews with the patients. It offers many advantages to both 
medical practitioners and patients. 
 
 
HIV Risk Dataset 
This research has been carried out depending on knowledge gotten from 
experts from the Virology Department of Obafemi Awolowo University Teaching 
Hospital (OAUTHC) majorly on HIV. The dataset used for training is specified 
with a matrix with n+1 columns, where n represents input data into the fuzzy 
inference system and the final column indicates the output data for the system. 
The input data for HIV Risk used in this study are the symptoms which are 20 
(twenty) attributes, some of which include chronic cough, headache, diarrhea, 
swollen gland, etc., with 1 (one) final column of the HIV risk. 
 

A sample of 62 patients was taken showing their respective age, sex, 
duration of infection, and PCV level. The sample taken is given in Figure 2.  
 

 
 

Figure 2:  Sample Data of HIV Patients 
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Previous Techniques 
The descriptions of past techniques used for developing models for HIV 
threats are explained in this section. These techniques include the regression 
method and the Box-Jenkins technique.   
 
Box-Jenkins Technique  
This technique used is based on Asamoah et al. (2012). it is used to predict 
future behavior. This is given as follows:.  

zt  zt  zt 1 1 B  zt                                          (1) 

zt  at 1at 1 2 at 2 ... B at                                  
(2)  

B  1 1 B 2 B2 ...  

when t  1, t  2,...be zt 1 , zt 2 ,...  

zt zt   

 
Regression Technique  
The regression technique used in this study is based on Wu and Yu (2018).  

ε2 = Σ (yi - yp)2                                          (3)  

where yp = predicted values, and yi = actual values.  

yp = m xi + b                                               (4)  

= 2mΣxi2 + 2bΣxi - 2Σ(xiyi)= 0                              (5)  

= 2mΣxi + 2Σb - 2Σyi = 0                                                 (6)  

Sxy = mSxx + bSx (12)  

Sy = mSx + nb (13)  
 
 
HIV Risk Prediction System  
The principle of this system has two major components which are symptoms as 
input and the output as the risk level. Figure 3 shows the HIV prediction system. 

 

  Inputs in the  

  Form of  

Symptoms                         output 

 

Figure 3: HIV Risk Prediction System 

The Fuzzy logic system for developing models for HIV threats has four main 
parts, and is given as follows: 

(1) Fuzzification module: It changes system variables.  

 

 

Prediction 
system 
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(ii) Knowledge-based: It keeps the rules. 
(iii) Inference engine: It performs inferences on the rules 
(iv) Defuzzification module: It changes data obtained.  
 

Figure 4 shows the architecture.  
 

 
Figure 4: Fuzzy Logic Architecture 

 
Consider that X signifies the space of discourse of a fuzzy set A. If fuzzy 

sets are selected, then a membership function for each set should be generated. 
The rules are distinctive curvatures that transfigure the input variables within a 
range signifying belongingness (Hale et al., 2021). It can be represented by a 
collection of three points that form a triangle. Bräse et al. (2021) define 
membership function as a triangular membership function. The Triangular 
membership function was adopted in this research work. The triangular 
membership function can be expressed mathematically by Equation 7.  

    
(7) 

It is considered that the output of each rule is also a fuzzy set. All the 
output fuzzy sets are then gathered and collected into one single fuzzy set. This 
process is called aggregation (Hale et al, 2021). In the end, the output set is 
determined to a single crisp number by defuzzification. Various defuzzification 
techniques are utilized for this study. It is done as shown by Equation 8.  

 
(8) 
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where xdef is the defuzzified output and µA (x)is the results after the aggregation 
of individual implication results. To develop fuzzy models, there is a need to 
have knowledge and understanding of the operations of the theory of fuzzy sets. 
The fuzzy set operations are defined concerning the sets' membership 
functions. This is shown by Equation 9.  
X : µA(x) = µB(x) 

 

(9) 

The FIS Toolbox is displayed in Figure 5. 

 

Figure 5: Fuzzy Interface System Editor  

For this research, 20 inputs were used for predictions, while 3 other 
attributes were used for the analyses which are gender, level of education, and 
age. Figure 6 shows the membership function of one of the inputs which is 
Headache. The range is set from 0 to 1, which means taking the values for the 
level at which a person can experience the symptoms. 

 

Figure 6: Membership Function Editor for HIV Risk 
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Figure 7 shows the rule editor in MATLAB. The rules are constructed based 
on input and output.  

 

Figure 7: Rule Editor for HIV Risk 

Figure 8 consists of deffuzification. 

 

Figure 8: Rule Viewer for HIV Risk 

Figure 9 shows the surface viewer which represents the concerning inputs 

 

Figure 9: Surface Viewer for HIV Risk  

Interpretation of Rules 
For this prediction, 22 different rules were generated. Some of which include. 
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Rule1. If headache = chronic cough = moderate and diarrhea = very high and 
swollen gland = very high = loss of appetite = weight loss = very high and 
frequent fever = very high and frequent yeast infection = very high and skin 
rashes = high and pelvic/abdominal cramp = low and scores = moderate and 
short-term memory loss = low and Temperature =very high and Usage of sharp 
object = high and  Drug usage =very high and  Sex partner =very high and 
Transfusion of blood = Not sure and practice of safe sex = No and practice of  
circumcision = yes then HIV = very high 

 
Rule2. If headache = moderate and chronic cough = low and diarrhea = high 
and swollen gland = high and lack of energy =low and loss of appetite = high 
weight loss = low and frequent fever = moderate and frequent yeast infection = 
high and skin rashes = low and pelvic/abdominal cramp = high and scores on 
certain parts of the body = moderate and short-term memory loss = low and 
Temperature =high and Usage of sharp object =very high and  Drug usage 
=very high and  Sex partner =high and Transfusion of blood = Not sure and 
practice of safe sex = No and practice of  circumcision = yes then HIV = very 
high 

 
Rule3. If headache = very high and chronic cough = very high and diarrhea = 
low and swollen gland = low and lack of energy = low and loss of appetite = low 
and weight loss = low and frequent fever = low and frequent yeast infection = 
low and skin rashes = low and pelvic/abdominal cramp = low and scores on 
certain parts of the body = low and short term memory loss = low and 
Temperature =low and Usage of sharp object = high and  Drug usage =low and  
Sex partner =low and Transfusion of blood = screened and practice of safe sex 
= yes and practice of  circumcision = yes then HIV = low 

 
Rule4. If headache = high and Usage of sharp object =low drug usage 
=moderate sex partner =moderate and Transfusion of blood = unscreened and 
practice of safe sex = yes and practice of circumcision 

 

Rule5. If headache = very high and scores on certain parts of the body = very 
high and short-term memory loss = very high. Temperature =high and Usage 
of sharp object =moderate. Drug usage =very high. Sex partner = high and 
Transfusion of blood = not sure and practice of safe sex = yes and practice of 
circumcision = yes then HIV = high 

 
Results and Discussion 
The accuracy of the system was analyzed on the prescription provided by 
experts and system-generated output. Varying symptoms of 56patients were 
provided to detect the exact possibility of distribution over the stage. The fuzzy 
basis technique was utilized, which potentially reduced the conservation of 
obtained result. The accuracy of the model was 91%. Our analysis was done 
by considering the age, gender, and level of education concerning the HIV risk. 
Fig 10 shows the bar chart of the HIV risk of the tested individuals. 
Fig 11 shows the chart of the tested individual against the HIV risk 
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Fig 12 shows of the level of education of the tested individual against the HIV 
risk. 

 

Figure 10: Chart for the Gender of the Tested Individual 

 

Figure 11: Chart for the Age of the Tested Individual 

 

Figure 12: Chart for the Level of Education of Tested Individuals 
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Evaluation of Results 

The actual data and estimates for sample data using the Box-Jenkins, 
Regression, and the fuzzy model are given in Table 1. 
 

Table 1. Actual Data and Estimates for Techniques 
 

Box-Jenkins Regression Fuzzy  

Actual data Estimates Actual data Estimates Actual data Estimates 

39.59 46.11 39.59 43.56 39.59 44.18 

43.60 48.43 43.60 46.77 43.60 47.91 

40.74 44.67 40.74 43.14 40.74 43.94 

42.75 48.95 42.75 46.32 42.75 47.01 

39.18 46.21 39.18 43.34 39.18 44.22 

34.79 40.66 34.79 37.21 34.79 38.54 

39.68 45.79 39.68 43.11 39.68 44.32 

40.84 44.41 40.84 42.32 40.84 42.99 

42.03 45.76 42.03 43.01 42.03 43.87 

41.78 46.46 41.78 43.32 41.78 44.58 

42.94 46.42 42.94 43.11 42.94 44.36 

 
38.12 43.68 38.12 39.92 38.12 40.93 

35.91 40.43 35.91 37.88 35.91 38.03 

40.95 45.74 40.95 42.43 40.95 43.46 

41.56 47.32 41.56 44.47 41.56 45.84 

42.34 45.46 42.34 43.13 42.34 43.79 

42.64 46.34 42.64 43.73 42.64 44.74 

42.15 46.85 42.15 43.58 42.15 44.36 

36.90 40.85 36.90 37.41 36.90 38.58 

35.76 39.47 35.76 36.74 35.76 37.74 

41.58 45.27 41.58 42.82 41.58 43.43 

42.15 46.11 42.15 43.15 42.15 44.85 

40.92 44.32 40.92 41.89   

 
 

 

The results of the comparisons are shown in Table 2. 
 

Table 2. Evaluation of Techniques 
 

 Box-Jenkins Fuzzy  Regression 

RMSE 0.873 0.596 0.704 

MAPE (%) 1.957 0.921 1.199 

 
 

The output for the RMSE and MAPE of Box-Jenkins, fuzzy, and the regression 
method indicate that the fuzzy model is the most accurate for estimating data. 
The RMSE and MAPE values of the fuzzy model are the smallest evaluated 
with Box-Jenkins and regression. Table 2 indicates that RMSE for Box-
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Jenkins, fuzzy model and regression are 0.873, 0.596, and 0.704 
respectively. The MAPE for the fuzzy model is 0.921%, which is the smallest 
compared with Box-Jenkins, and regression with MAPE values of 1.957%, 
and 1.199% respectively. 
 
Conclusion 
The risk of having HIV in this modern time is on the increase and HIV/AIDS 
sensitization may not be fully provided without proper risk analysis prediction or 
behavioral pattern check of people in a particular region. This study, therefore, 
aimed at designing an HIV risk prediction model with intention of providing tools 
for HIV risk analysis in a population for making informed decisions. The 
proposed system was designed using behavioral and demographic risk factors 
relating to HIV outbreaks. Fourteen symptoms of HIV risk are Headache, 
Chronic cough, Diarrhea, Swollen gland, Lack of energy, loss of appetite, 
Weight loss, Frequent fever, Frequent yeast infection, Skin rashes, 
pelvic/abdominal cramps, Sores on certain parts of the body, short term 
memory and Temperature. Also, ten behavioral data were used which include 
Blood transfusion, Practice of safe sex, Practices of circumcision, Usage of 
sharp objects, Drug usage, Level of Education, Sex partner, Age, and Marital 
status. 

These attributes were categorized based on severity level as Low, 
Moderate, High, and Very high which serve as input to the fuzzy inference 
system.  A fuzzy logic toolbox in MATLAB 2018b was adopted for designing 
and modeling the system. A triangular membership function was used. The 
proposed system will be a useful tool for individuals, government, researchers, 
and health workers in predicting and analyzing the HIV risk of a population in a 
particular area.  
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