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Abstract 

 

   This paper aims to propose a model for predicting the mortality rate of 

newborns (first month of life) congenital disease in a country based on the impact 

of three indexes, Global Peace Index (GPI), Human Development Index (HDI), 

and Pollution Index (PI) for each country, using an artificial intelligence technique 

represented by fuzzy logic. An expert system has been developed with an 

inference rule that includes these three indexes. The proposed fuzzy model gave 

good results ranging from 70% to 82%using two different methods to decompose 

the proposed model. 

 

Keywords: Artificial Intelligence - Fuzzy Logic - Matlab - Congenital Disease – 
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1 Introduction 
 

   A congenital disorder or a birth defect is a condition existent during childbirth 

regardless of why. A congenital disorder may produce in disabled handicaps that 

might be developmental, intellectual, or physical.[12,14,32] There are two 

fundamental types of congenital disorders: If there is a problem with the 

functioning of a certain part of the body then it is called functional disorder. 

While when there is a problem in the state of a particular part of the body then it is 

called structural disorder. Some congenital disorders incorporate both functional 

and structural disorders. [15] 

   Congenital disorders may consequence for hereditary or chromosomal disorders, 

exposure to chemicals or specific drugs, or certain contagions through pregnancy 

[10,11,16]. Risk elements incorporate folate inadequacy, drinking liquor or smok- 
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ing through this phase, diabetes, and parent's age. Furthermore there are different 

factors, for example, poisonous substances, prescriptions and enhancements, 

harmful substances, diseases, absence of supplements, physical limitation, 

hereditary qualities, economics, radiation, there are likewise obscure 

causes.[17,18] Many are accepted to include numerous factors.[18] Congenital 

disorders might be noticeable during childbirth or analyzed by screening tests. 

Various imperfections can be distinguished before birth by various prenatal 

tests.[20] 

   Treatment differs relying upon the imperfection being referred to. This may 

incorporate treatment, medicine, medical procedure, or assistive technology.[19] 

Birth defects influence around 96 million individuals in 2015.[22] Congenital 

heart disease tops the list in terms of annual deaths by 303,000, followed by 

neural tube defects (65,000). [21] 

   In this study, we attempted to determine the extent to which peace, human 

development, and pollution affect the mortality rate of congenital malformation of 

each country (selected group of countries), based on the GPI, HDI, and PI, 

respectively. 

 

1.2 Fuzzy Logic  

 

   The idea of the fuzzy set was presented by Zadeh in 1965.[9] Since at that point, 

the hypothesis has been effectively actualized in different building applications. 

Classical set theory is characterized by crisp boundaries; there is no uncertainty in 

prescription or position of the boundaries of the set. Then again, a fuzzy set is 

recommended by enigmatic or questionable properties. Some genuine applications 

can be executed by the fuzzy set hypothesis fairly difficult to speak to in classical 

theory. [6] 

   Fuzzy logic endeavors to systematically and mathematically simulate human 

thinking and decision making. In order to reduce the hole between human 

thinking and computational logic, fuzzy logic emerged as an excellent idea to do 

this. Factors like intelligence, believability, and reliability are uncertainty. They 

can't be spoken to as crisp qualities; in any case, their estimation is an important 

requirement. Fuzzy logic enables engineers to use their observational information 

and heuristics typified in the IF-THEN rules and move it to a functional block. 

Systems of fuzzy logic can be applied in engineering applications, like process 

diagnostics, decision making, fault detection, intelligent control systems, and 

expert systems.[6] 

 

1.3 Expert System  

 

   A computer program designed to model the problem-solving ability of a human 

expert is called an expert system. This program models the human expert's 

qualities: Knowledge, Reasoning, Conclusions, and Explanations.  

   The knowledge (both content and structure) modeled by this expert system. And 

by using procedures and control structures, the expert system models the reason- 



 

Fuzzy model for predicting the mortality rate                                                      887 

 

 

ing in a way to process the knowledge like the expert. The conclusions of the 

system should be consistent with the conclusions of the expert. Explanations that 

obtained by this system is also like the explanations of the expert.  

   In fields which need analyzing and solving complex problems, an expert system 

is considered an important tool that helps humans in such these problems. So, to 

solve any problem that requires an expert, the human can use the expert computer 

system and benefit from the expertise that was used for designing it.[5]  

   In 1990, Durkin presented an overview of the expert system and reviewed some 

systems developed for the application.[5] 

   In 1997 [1], Abdelhamid and et al. explained the development methodology of 

an expert system has two aspects: Software engineering and Knowledge 

engineering. 

   In 2010, Malhotra and et al. explored the applicability of fuzzy logic to tackle 

process controllers.[6] 

   In 2016, Assaad suggested a model for measuring the degree of creativity and 

talent for postgraduate students by using one of the artificial intelligence 

techniques such as fuzzy logic. An expert system has been built that contains an 

inference rule which consists of three types of tests: (Theory Test, TT), (Practice 

Test, PT), and (Creativity Test, CT) for each course. This intelligent system has 

also aimed to determine the ability to make decisions which gives the rate of 

talent for postgraduate students.[2] 

 

2. Fuzzy Model 
 

2.1 The Fuzzy Rules Based Expert System 

 

   The rule-based structure IF-THEN was used to design the expert system. By 

using human knowledge and from given facts, the rule concluded operating 

knowledge. The fact is to describe the relationship between input variables and 

their output variables. To create the structure of rule-based, Fuzzy Logic Toolbox 

for MATLAB was used.[25] The rules are divided into three levels (high, middle, 

low), so as to be used for the prediction. 

   The Fuzzy Rule Base algorithm MATLAB has three steps: fuzzification of 

scalar inputs by fuzzifying functions to turned into memberships of fuzzy sets; the 

inference engine take this information; then by defuzzification, the membership 

values are turned into required scalar output. 

   The ranges of values for the three levels of each variable are given in Table (2). 

The major aim of the expert system is to predict the mortality rate of newborns 

congenital disease in a country in the output variables of the fuzzy expert system. 

The three indexes GPI, HDI, and PI are the three input variables used in the expert 

system. Fuzzy Logic Toolbox [25] in Matlab program was used to design this 

model. Moreover, Mamdani inference system was used to give the descriptive 

linguistic value of the process [7]. 
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Figure (1). Basic structure of a fuzzy expert system 

 

 

2.2 Database Description 

 

   In this research, the data are the values of three indexes for each country. The 

indexes of the 100 countries that were considered are: 

(1) Global Peace Index (GPI). 

(2) Human Development Index (HDI).  

(3) Pollution index (PI). 
 

2.3 Computing of Data Sets Membership Functions 

 

   The input variables' membership functions are defined using the editor of the 

membership function in the fuzzy toolbox, as follow: 

 

2.3.1 Global Peace Index (GPI): This index measures the relative position of 

nations' and regions' peacefulness.[24] The GPI is a report produced by the 

Institute for Economis and Peace (IEP).[23] This index range is divided into three 

fuzzy sets are Low (L), Middle (M) and High (H)). Membership functions of 

these sets are triangular, where the input universe [1,5]. Membership functions of 

this input are shown in Figure 2. 
 

 
 

Figure (2). Membership function for GPI. 

Input Data 

Fuzzification 

Inference Rules 

Defuzzification 

Output Data 
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2.3.2 Human Development Index (HDI): This index is a statistic composite 

index of life expectancy, education, and per capita income indicators. It was 

developed by Pakistani economist Mahbub ul Haq, with help from Gustav Ranis 

and Meghnad Desai. United Nations Development Programme (UNDP)'s Human 

Development Report Office has used this index to measure a country's 

development.[8,13,29] This index is based on the human development approach, 

developed by Amartya Sen.[30] This index is the most important input considered 

in this system. The range of  this input divided into three fuzzy sets are Low (L), 

Middle (M) and High (H). Membership functions of these sets are triangular, 

where the input universe [0,1] as shown in Figure 3. 

 

 

  
 

 

Figure (3). Membership function for HDI. 

 

 

2.3.3 Pollution Index (PI): The introduction of contaminants into the natural 

environment that causes adverse change is pollution.[26] Pollution can be 

chemical substances or energy, such as heat, light, or noise. Pollutants can 

naturally occurring contaminants or can be foreign substances/energies. Pollution 

caused 9 million deaths worldwide in 2015. The Pollution includes mainly: Water 

pollution, air pollution, light pollution, plastic pollution, visual pollution, thermal 

pollution, radioactive contamination, soil contamination, noise pollution, 

littering.[3,4] 

   Pollution index (PI) is based on surveys from users of NUMBEO database 

which is the world’s largest database of user-contributed data about cities and 

countries worldwide. NUMBEO supplies current and timely information on world 

living conditions including pollution, health care, crime, cost of living, housing 

indicators and traffic. Pollution Index is an estimation of the overall pollution in 

the city. This index uses the scale [0, 120] for values.[27] The input variables 

were divided into three fuzzy sets are Low (L), Middle (M), and High (H). The 

membership functions of these sets are triangular, where the input universe 

[0,120]. The membership functions are shown in Figure 4. 
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Figure (4). Membership function for PI. 

  

 

   Then membership values are turned into required scalar output variables which 

is the mortality rate of newborns congenital disease (CON.) by a defuzzification 

step. The output variables were divided into three fuzzy sets Low (L), Middle 

(M), and High (H). The membership functions of these sets are triangular, where 

the output universe [0,50]. The membership functions are shown in Figure 5. 

 

 

 
 

 

Figure (4). Membership function for CON. 
 

 

The inference rules used in this research illustrated in the following table 
 

 

Table (1). The inference Rules used in this Study 
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Table (2). The input values of GPI, HDI, and PI indexes for 55 countries of the sample under 

study, and real value and the results of the implementation of the suggested fuzzy model of the 

mortality rate of newborns congenital disease for each country. 
 

CON. by 

SOM 

Method 

(0-50)% 

CON. by 

Centroid 

Method 

(0-50)% 

CON.[28] 

(Real 

value) 

(0-50)% 

PI[27] 

(0-120) 

HDI[31] 

(0-1) 

GPI[24] 

(1-5) 
Country No. 

5 7.36 8.1 91.94 0.498 3.567 Afghanistan 1  

12.5 20 18.7 66.173 0.754 2.201 Algeria 2  

29.5 37.4 29.7 24.875 0.939 1.425 Australia 3  

15.5 20 38 76.277 0.846 2.404 Bahrain 4  

14 20 12.9 90.078 0.608 2.035 Bangladesh 5  

15 20 20.7 60.1312 0.759 2.199 Brazil 6  

14.5 20 15.5 80.36 0.582 2.065 Cambodia 7  

30 37.4 21.7 27.7214 0.926 1.371 Canada 8  

3.5 7.4 5.5 104.455 0.367 3.213 Central African  9  

3 8.59 5.8 100.86 0.404 2.495 Chad 10  

16.5 20 18 86.8216 0.752 2.242 China 11  

14.5 20 19.6 75.57 0.777 2.056 Cuba 12  

13 20 21.4 89.0525 0.696 2.583 Egypt 13  

30.5 37.4 36 12.6527 0.92 1.515 Finland 14  

13.5 20 25.3 41.0028 0.901 1.839 France 15  

3 9.6 10.4 89.95 0.592 1.793 Ghana 16  

18 20 22 45.2233 0.838 1.494 Hungary 17  

14 20 11.1 76.6335 0.64 2.541 India 18  

13 18.8 17.5 58.0236 0.694 1.85 Indonesia 19  

17 20 20.9 80.7937 0.798 2.364 Iran 20  

12.5 16.9 17.1 78.82 0.685 3.556 Iraq 21  

29.5 37.4 42.9 28.3138 0.938 1.408 Ireland 22  

15.5 20 23.4 52.334 0.88 1.737 Italy 23  

15.5 20 47.5 41.0242 0.909 1.408 Japan 24  

14.5 20 23.8 82.6343 0.735 2.087 Jordan 25  

13.5 20 23.6 74.3944 0.8 1.992 Kazakhstan 26  

14.5 20 12.5 72.0445 0.59 2.336 Kenya 27  

12.5 20 41.9 69.64 0.803 1.909 Kuwait 28  

1.5 14.9 14.2 65.62 0.672 2.216 Kyrgyzstan 29  

16.5 20 27.4 85.5047 0.757 2.782 Lebanon 30  

13.5 20 27 49.27 0.706 3.328 Libya 31  

12.5 20 27.1 65.195 0.802 1.637 Malaysia 32  

13 12.8 5.9 64.37 0.52 2.355 Mauritania 33  

14 20 22.5 94.0155 0.741 1.801 Mongolia 34  

12.5 17.7 15.3 68.5456 0.667 2.004 Morocco 35  
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Table (2) (continued). The input values of GPI, HDI, and PI indexes for 55 countries of the 

sample under study, and real value and the results of the implementation of the suggested fuzzy 

model of the mortality rate of newborns congenital disease for each country. 

 

30 37.4 30.1 27.3359 0.931 1.525 Netherlands 36  

31 37.4 30.3 19.786 0.917 1.241 New Zealand 37  

28.5 37.4 31.9 19.5462 0.953 1.486 Norway 38  

13.5 24.3 27.8 38.52 0.821 1.983 Oman 39  

13 20 25.7 71.3265 0.699 2.555 Philippines 40  

31.5 37.4 33.3 29.7967 0.847 1.258 Portugal 41  

14.5 20 22.2 72.0268 0.856 1.664 Qatar 42  

14.5 20 14.9 73.1371 0.853 2.474 Saudi Arabia 43  

16.5 20 34.4 52.17 0.5 3.387 Somalia 44  

14.5 23.9 20.9 38.3578 0.891 1.568 Spain 45  

29 37.4 28.5 22.4381 0.944 1.373 Switzerland 46  

3 7.41 32.4 70.73 0.536 3.814 Syria 47  

12.5 20 17.2 65.4684 0.735 1.977 Tunisia 48  

28.5 30.1 30.5 34.83 0.706 2.27 Turkmenistan 49  

13 20 28.9 56.3687 0.863 1.944 
United Arab 

Emirates 
50  

13.5 26.6 30.3 36.9288 0.922 1.786 United Kingdom 51  

30.5 35.1 29.7 31.4489 0.924 2.232 United States 52  

12.5 18.7 17.5 86.96 0.694 1.919 Viet Nam 53  

2.5 7.42 22.7 77.8 0.452 3.412 Yemen 54  

3 9.26 9.6 88.44 0.588 1.786 Zambia 55  

 

 

3 Conclusions 
 

   Table (2) presents the values of three indexes and the real mortality rate of 

newborns congenital disease which were obtained from UNICEF [28] for a 

selected sample (55 countries) of the original sample (100 countries) for which the 

fuzzy model was applied. Comparing the sixth column (mortality rate of 

newborns congenital disease) with column 7 (Centroid output) and column 8 

(SOM output), It was found that the rate of consistency between the results of the 

proposed fuzzy model reached 82% using the Centroid method for defuzzification 

and about 70% using the Smallest of Maximum method (SOM) method. 
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