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Abstract 

In response to the deterioration in water quality, several governments have started 

extensive mitigation programs essential stop control regular programs to protect. As 

a result, the classification of done using the water quality index (WQI). One newly 

created method for categorizing water quality is soft computing. Consequently, the 

goal of this project is to create a machine learning system for categorizing water 

quality. Both in the field and in the lab, measurements of (NH3-N) were made. The 

concentrations of these six parameters were of the DOE-WQI (Water Quality Index 

Department of Environment) technique. 
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 المستخلص

استتجابة  للتتتر ور فتد  تتويا البيتتاا، بتر ت العريتتر متر ال كومتتات بتترامن اق يتو واستتعة الن تا   تترورية لوقتتو 

(ن إحتر  WQIالبيتاا  البرامن البنتظبة للتت كم فتد ال بايتةن ونتيجتة لتتل ، اتم ا تني خا باستتقرام م  تر  تويا 

ال ر  التد ام إنشاؤ ا حريث ا لت نيو  ويا البياا  د ال وسبة الناعبةن وبالتالد، فإن الخرف مر  تتا البشترو  

( ستواء فتد البيتران  و فتد البقتبترن NH3-N و إنشاء نظام اعلم آلد لت نيو  ويا البياان اتم إ تراء قياستات  

   م  ر  ويا البياا البعتبر فد الاقسام البيئة ( ن DOE-WQIقنية كانت اركيزات  تا البعلبات الستة مر ا

 

 نباذج الت نيو، اقييم  ويا البياا، التعلم الالد، التكاء الاص ناعد: الكلمات المفتاحية

 

Introduction 

Water elements required the survival of known 

life, including that of humans. Water of a high 

standard is necessary for all living things to 

survive. The amount of pollution that aquatic life 

can tolerate has a limit. The survival of these 

organisms is in  

 

 

danger if these restrictions are not followed. Water 

has properties of both a gas and a liquid in its 

supercritical form, including low density and high 

viscosity. The following table (table 1) lists a few 

attributes of water: 

 

Table (1) Some Water Characteristics 

Normal water Subcritical water Supercritical water 

Temperature (°C)          25 250 350 400 400 
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Most of the rivers, lakes, and streams in the world 

meet specified quality requirements. Additionally, 

there are requirements for the caliber of water in 

certain circumstances. For example, irrigation 

water shouldn't be toxic to soil microbes or be so 

salty that it kills plants. Both conditions could lead 

to ecological collapse. The type of water utilized in 

various industrial processes has varied 

requirements. Natural water resources include 

ground and surface water, two of the most 

affordable sources of fresh water. However, these 

supplies can get contaminated through industrial, 

commercial, and even natural processes.  

So, a worrying reduction in water quality has been 

a result of fast development. Lack of public 

awareness and unclean infrastructure are other 

major factors that have an impact on drinking 

water quality [1]. The implications of 

contaminated water on ecosystems, infrastructure, 

and human health are severe enough to require 

significant consideration. A UN report estimates 

that 1.5 million people each year pass away from 

ailments brought on by tainted water. In 

underdeveloped nations, 80% of health problems 

are formally attributed to water contamination. 

There are apparently 2.5 billion incidences of 

sickness and five million fatalities each year [2]. 

Such a death toll exceeds the sum of deaths from 

terrorism, crime, and natural disasters [3]. 

To analyze and, ideally, predict water quality 

(WQ), it is critical to provide different approaches. 

When predicting the patterns of WQ, it is advised 

to take the temporal dimension into account in 

order specific combination of models, as opposed 

to one model alone, produces better outcomes 

when used to predict the WQ [4-6]. There are 

numerous methods that can be used to forecast and 

model the WQ. These methods include data 

analysis, statistical procedures, graphical models, 

and prediction algorithms. To ascertain association 

between, multivariate statistical approaches have 

been applied [7]. Transition probabilities, 

multivariate interpolation, and other geostatistical 

analyses were performed using do regression 

analysis [5] and. 

Massive population growth, all had negative 

consequences on WQ ecosystems [8, 9]. Having 

models that can forecast the WQ is essential for 

monitoring water contamination. 

To effectively plan for and control water 

consumption, high-quality water resource 

modeling is absolutely necessary. In the past, 

researchers would frequently collect water samples 

from monitoring stations to determine the status of 

the water. The findings are also delayed because 

this takes so long. Artificial intelligence (AI) 

techniques like logic have been used by 

researchers. 

To effectively plan for and control water 

consumption, high-quality water resource 

modeling is absolutely necessary. In the past, 

Pressure (MPa) 0.1 5 25 25 50 

Density, p (g cm³)         1 0.8 0.6 0.17 0.58 

Dielectric constant, ɛ (F m²¹)         78.5 27.1 14.07 5.9 10.5 

Ionic product, pKw       14 11.2 12 19.4 11.9 

Heat capacity, C, (KJ Kg K¹)       4.22 4.86 10.1 13 6.8 

Dynamic viscosity, η (mPa s)     0.89 0.11 0.064 0.03 0.07 
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researchers would frequently collect water samples 

from monitoring stations to determine the status of 

the water. The findings are also delayed because 

this takes so long. Artificial intelligence (AI) 

techniques like  

Prioritizing water quality is necessary to guarantee 

the long-term success of a diversion strategy. One 

must anticipate the patterns of variation in that 

quality system at a specific time. Planning and 

managing water consumption depend on being 

able to predict the quality of future water supplies. 

Developing plausible strategies to prevent and 

manage water contamination as well as forecasting 

future changes in water safety at various levels of 

pollution are both crucial stages toward a cleaner, 

safer water supply. In water diversion designs, it's 

crucial to establish the water's general uniformity. 

Large amounts of water must be moved to meet 

daily drinking water needs. As a result, techniques 

for forecasting water quality in contemporary 

society ought to be investigated [10]. 

Money must be redirected to remedy problems 

with water distribution, just like with any 

infrastructure, which can be troublesome if the 

water is of low quality. Better water treatment and 

water quality management have become more 

necessary as a result to ensure that everyone has 

access to affordable, potable water. To get over 

these challenges, it will be necessary to conduct 

methodical analyses of raw water, disposal 

systems, and organizational monitoring concerns 

[11]. The ability to predict changes in water 

quality with accuracy is crucial for the success of 

aquaculture. Pre-processing water quality data is a 

common first step in the method of water quality 

measure prediction. This composition comprises 

two phases as a result. First, a correlation study of 

the various water quality indicators must be done. 

This study examines how effectively several AI 

techniques, including. The development of ANN 

and SVM involved numerous iterations of transfer 

functions and kernels. A comparison of the 

performance of ANN and SVM findings reveals 

that both models can anticipate the various 

components of water quality. Tansig and RBF 

were found to perform well when compared to 

other transfer and kernel functions while 

developing ANN and SVM. Despite having 

respectable outcomes compared to other models, 

the GMDH model, when attempting to predict the 

many elements of water quality, only misses the 

precision of ANN and SVM. SVM was 

demonstrated to be the most accurate model 

among all those examined using error indices. The 

results of the models' analysis showed that they 

shared a common tendency toward overestimation. 

When employing the DDR index, it was found that 

the SVM model performed better than the other 

models. 

Can Decomposition Methods Improve Soft 

Computing Models in Every Case? Predicting the 

Florida St. Johns River's Dissolved Oxygen 

Concentration [12] 

In this study, stand-alone and hybrid soft 

computing models are compared for forecasting 

dissolved oxygen (DO) concentration using several 

water qualities measures. First, two different soft 

computing models—the multilayer perceptron 

(MLP) neural network and the cascade correlation 

neural network (CCNN)—were used to forecast 

the DO concentration in the St. Johns River, 

Florida, USA. By defining six combinations of 

input parameters, such as the DO concentration 

and water quality metrics chloride (Cl), nitrogen 

oxides (NOx), and total dissolved solids  
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Research materials: 

The parameters employed, the number of 

contaminants present, and the defined boundary 

conditions all affect how effective an early 

warning system is. The system's reliability is most 

heavily influenced by the model's parameters. 

Some data suggests incorporating parameter 

optimization technology can increase the proposed 

system's accuracy. This frequently leads to better 

results with less time and effort required. 

A water quality model's parameter estimation may 

be challenging and imprecise, especially if the 

model has a high degree of dimension. There are 

two different methods for estimating parameters: 

i. Automated calibration and.   

ii. using trial and error. 

When a water quality model has a lot of 

parameters, automatic calibration is employed; 

when a model has few parameters, trial-and-error 

is utilized; this is largely based on the skill of the 

modeler and reduces uncertainty in model 

predictions [13]. 

Many measures the biological component of this 

inquiry will be the instead of the physical, it is the 

chemical processes that cause pollution. A 

controlled laboratory environment is used to assess 

some of these features, whereas field meters are 

used to measure others directly in the field [14]. 

Commercially accessible sensor electrodes for 

monitoring devices enable in-field monitoring 

simply for a few of these measures. The 

objective of this study is to incorporate these 

variables that generate. Some of the standards 

utilized in this study to evaluate the water quality 

are as follows: 

 

Oxygen Dissolved (DO): 

This is how many oxygen molecules there are in 

every liter of water. The standard unit of 

measurement for oxygen content in water is 

milligrams per liter. With this knowledge, it is 

possible to determine whether retaining all of the 

formation have an impact on the molecule 

concentrations in a body of water. numerous 

factors, including air, water temperature, and wind 

mixing, the amount of dissolved oxygen in a body 

of water, as well as photosynthetic activity. Other 

significant include lake and other surface waters. 

Salinity, temperature, and other variables all have 

an impact on the oxygen content of saltwater. The 

main contributors to oxygen deprivation are the 

respiration of the hypolimnion accumulation 

compounds, other processes occur. Fish 

populations and their capacity for growth are 

significantly impacted by this. chosen to utilize to 

more accurately classify water. This makes the 

correlations between threshold and ambient 

temperature easier to see. Instead, it makes the 

defined limit reliant of the environment. as a 

function of expressed as a percentage (%). 

Temperature: 

The temperature of an area or object determines 

how hot or cold it is. This is one of the most 

crucial things to look at if you want to understand 

how the thermodynamics of the lake operate. The 

units of measurement for temperature are degrees 

Celsius and degrees Fahrenheit. The surface water 

temperature directly affects molecular mobility, 

dissolved oxygen saturation, and fluid dynamics. 

Numerous studies have found that the relationship 

between temperature and the amount of dissolved 

oxygen is inverse., which 13 has a decrease in 

oxygen solubility due to a rise in temperature. By 
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doing this, the lake's dissolved oxygen content is 

controlled. The observed alterations may be 

affected by factors such as sunlight exposure, 

turbidity, groundwater inputs, and ambient air 

temperature. Lake dynamics and temperature 

changes have a significant impact on the biological 

and chemical processes that take place there. 

Because of the increased activity of pollutants, 

more pollution incidents take place in the hotter 

summer months. It may have a substantial effect 

on the aquatic life of a lake if the temperature 

climbs by 10 degrees Celsius. All through the day 

and year, surface water naturally experiences 

temperature changes. 

Ph: 

The pH of a solution shows how concentrated the 

hydrogen ions are. It indicates whether the water is 

alkaline or acidic. Water is considered acidic if the 

number is less than 7, and alkaline if the number is 

greater than 7. According to the collected data, 

algae blooms typically begin in the spring when 

the pH is high. These conditions feature high 

quantities of dissolved oxygen and a somewhat 

neutral pH because photosynthesizing algae emit 

oxygen and utilize carbon dioxide as fuel. There is 

virtually any vertical variation in the pH of the 

water. When high pH depth profiles are assessed, 

in the majority of situations, It's a transient 

phenomenon. Growing algal blooms result in high 

pH and supersaturated dissolved oxygen because 

they consume carbon dioxide and produce oxygen 

[30]. More dissolved inorganic carbon is taken up 

by photosynthesis during the summer, which raises 

pH. The result of water evaporation is comparable. 

The fact that the locals regularly wash their plates 

and other kitchenware in detergents could be one 

reason for the lake's highly alkaline ph.  

Phosphate: 

Phosphate, also referred to as orthophosphate, is 

the form of phosphorus that is the easiest to obtain. 

In terms of concentrations, mg/L is used. Only 

when it is present in extremely high concentrations 

in an aquatic environment does it represent a 

concern to human health can be divided into three 

major groups: Phosphate endangers the floating 

aquatic life in surface water. Water quality 

indicators that we objectively examined in this 

analysis before using them in the rest of the work. 

Which parameters to use depends on several 

factors, including expert judgment 

Indicators of water quality and allowable 

limits: 

Effective pollution control of aquatic life needs 

consideration of basic environmental factors 

including water's dissolved oxygen content. 

Various governments have devised several 

techniques to track and assess pollution indicators 

and their effects. The Water Framework Directive 

(WFD) also lists 17 water quality factors that 

should be observed to determine the state of 

surface water. The biological, hydro 

morphological, and physio-chemical features of a 

system are some of these components. The physio-

chemical components will be the main topic of this 

inquiry. Controlling the great majority of material 

pollutants is the main objective. Physio-chemical 

variables such as temperature, dissolved. As Seen 

in Table (2). 
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Table (2) WFD quality parameter contamination limits 

Water Quality Parameter Permissible limit for surface waters 

PH 6.5-9.0 

Temperature Increase of 10°C affects aquatic life 

Dissolved oxygen 

Fresh water: 7mg/l 9mg/l 

Early life fishes: 9.5 mg/l in cold water and 

6.0 mg/l in warm water 

Ammonium Greater than 0.1mg/l and less than 1mg/l 

Nitrate 50mg NO 3/1 

Nitrite 0.10 mg NO 2/1 

Turbidity Based on dissolved solids 

Phosphates 
Less than 50µg/l at entry point and less than 

25µg/l within the lake 

Dissolved organic carbon 10mg/l threshold 

Conductivity Fresh water streams 150µS/cm to 500 µS/cm 

 

Model XGBOOSTINGe 

The objective technique combines a number 

classifier. Iterative education involves starting with 

a weak learner and progressing to an advanced 

student [15]. Both gradient boosting and XGBoost 

are based on the same ideas. The two systems 

differ greatly in the specifics of how they are put 

into practice. The performance of XGBoost can be 

improved by regularizing the trees in a variety of 

ways [16]. 

Let's say there is a set of inputs and outputs like 

(x1, y1), (x2, y2),..., (xn, yn). The tree ensemble 

approach predicts the results using K addative 

functions, each of which represents a CART. The 

anticipated result is provided by the Equation (1). 

ŷi = ∑                    
 

 
                              (1)  

  

where the CART space is denoted by f in F. 

In order to approximate the functions, given a set 

of parameters, the following regularized objective 

function [15] must be minimized by Equation (2). 

Obj(0) =∑           ∑          
   

                    (2) 

 

where the training loss function, represented by the 

first term l(yi, yi), assesses the discrepancy 

between the output that was anticipated and the 

output that was actually produced. can be used to 

measure the training loss function by Equation (3).           

MSE = ∑      –       
                                         (3) 

                               

and Logistic Loss, which are both expressed in the 

following equation (4)  [5]. 

 

Logistic Loss = ∑                                      
                                                    (4) 
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The regularization term, or second term, (fk), 

penalizes model complexity to prevent overfitting. 

The regularization term in XGBoost is provided by 

Equation (5) [17].  

ŷi
0
 = 0 

ŷi¹ = f1(xi) =  ŷi
0
 + f1(xi) 

ŷi¹ = f1(xi) + f2(xi) =  ŷi¹ + f2(xi)  

ŷi
t
 = ∑                             

             (5) 

 

It is the tree that is added at each stage that 

maximizes the objective function. One alternative 

for the objective function is Equation (6). [18] 

      i=1 

The objective compressed used by, as thoroughly 

explained by Chen and Gastrin. The quality of the 

tree is then assessed using the score function. We 

must thus take action to stop overfitting even 

more. The shrinkage variable shrinks the feature 

weights to attain a specific learning rate, or. 

Additionally, by providing row and column 

subsampling, XGBoost aids in the management of 

bias and variation in Random Forest [15]. The 

figure (1) described in this manner. 

 

Figure (1): The diagram 

 

From Kaggle has been incorporated into our data-

monitoring system. Data preparation techniques 

include carefully examining to look for patterns 

and offer support for creating a goal to deliver 

indisputable be able to send out timely alerts 

regarding water contamination. 

 

Evaluation metrics  

Model testing and refinement are essential in 

machine learning. There are several measures we 

may use to evaluate the model's performance, and 

they will change depending on the challenge. We 

neglect regression metrics like mean squared error, 

mean absolute error, etc. in this thesis and instead 

obj
(t)

 = ∑  l (Yi, l(Yi, Yi) + ∑
k
  Ω(fk) 

             i                               k 

     n 

 = ∑  l(Yi, ŷi
t−1 

+ ft(xi)) + Ω(ft)                       (6) 
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pay attention to supervised classification problems 

in the context of medical imaging. 

Accuracy: The most important factor in sorting 

information is classification accuracy. It is an easy 

way to gauge how well the examined model 

classifies its forecasts. Equation (7). 

Accuracy = 
                             

                           
 

Binary Accuracy = 
        

                 
                  (7) 

 

Precision is crucial in the realm of medicine since 

poor diagnoses can have serious effects for 

patients' lives. Doctors have the option of 

employing these tools as a second opinion when 

using data from models with high accuracy scores, 

but they shouldn't rely completely on them. 

 

 

 

Forecasting Values 

After establishing the numerous outcomes, a 

categorization can generate, we define the 

following metrics by Equation (8). 

 Positive Predictive Value  

PPV = 
   

        
 

 Negative Predictive Value 

NPV = 
  

        
                                            (8) 

 

Cross checking 

Although the method is effective, it has a serious 

problem. We only consider combination using this 

approach. way the split distorted the overall 

picture. Given the data-splitting method's 

independence, we suggest using cross-validation to 

solve this issue. A particular kind of cross-

validation that will be the subject of this paper is 

k-fold cross-validation. As Seen in Figure (2). 

 

Figure (2): shows an illustration of the subsets' make-up as they are utilized to train and test a model 

Our objective is to choose larger sum of .The 

training data are then divided into k roughly 

similar sections and given unique labels (F1, F2, 

etc.). After that, we continue training the model by 
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applying the hyper parameters as seen in equation 

(9). 

k   

 (U Fi ) \ 

Fj                                                                (9) 

    i=1                                   
 

Observe how effectively it functions on Fj. then 

averaged, for every conceivable combination of 

hyperparameters, this operation is repeated several 

times. Last but not least, the model tested on the 

test set had the best average cross-validation 

performance. A sample of data partitioning into k 

folds is shown in Figure (3). In order to do k-fold 

cross-validation, the training data is typically 

partitioned into k distinct groups, or "folds," at 

random. Major issues may arise from this, 

particularly if the data is wildly unrepresentative. 

This problem can be resolved by using the so-

called stratified sampling approach since it 

appropriately depicts the distribution of the data 

within each strata. the use of stratification. 

 

 

Figure (3): Shows a k-fold cross-validation example 

 

Results 

'Potable water' refers to drinking water, which is 

getting harder to get globally. Freshwater supplies 

all throughout the world are under stress due to 

increased use. The water you drink can become 

aesthetically unappealing or a health threat due to 

an unending array of impurities. Unless the water 

is unfiltered, microplastics containing adsorbed 

mercury species may still be present in treated 

drinking water. 

1. PH value: The PH value is important when 

determining the acid-base balance of water. It 
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also indicates whether the water is acidic or 

alkaline. The WHO states that a pH range 

between 6.5 and 8.5 is the maximum permitted 

range. The ranges of the current investigation 

were between 6.52 to 6.83, which is acceptable 

by WHO standards. 

2. Hardness: Salts high in calcium and magnesium 

are frequently to blame for hardness. These 

salts are released by the geological structures 

through which water travels. The amount of 

time that water is exposed to the material that 

causes hardness has an impact on its raw 

hardness.  

3. Solids, or total dissolved solids (TDS): Both the 

water's color and flavor were affected by these 

minerals. This is a vital consideration when 

dealing with water. High TDS readings are a 

sign of mineral-rich water. The suggested 

range for TDS is 500 to 1000 mg/l, with 1000 

mg/l being the maximum level that is 

acceptable for human consumption. 

4. Chloramines: The two disinfectants most 

frequently employed in municipal water 

systems are chlorine and chloramine. Adding 

ammonia to chlorine to filter drinking water is 

the most frequent way that chloramines are 

created. Up to 4 mg/L (4 ppm) of chlorine is 

considered acceptable in drinking water. 

5. Sulfate: Soil and rock contain sulfates, which 

are prevalent organic molecules in geological 

materials. They are absorbed into the air, 

groundwater, vegetation, and food. The main 

sulfate user is the chemical sector. Sulfate 

levels in saltwater are around 2,700 mg/L. 

Although certain regions have substantially 

greater amounts (up to 1000 mg/L), the typical 

concentration in freshwater ranges from 3 to 

30 mg/L. 

6. Conductivity: When it comes to electricity, pure 

water behaves more like an insulator than a 

conductor. Ion concentration increases the 

electrical conductivity of water. The 

concentration of dissolved solids often affects 

the electrical conductivity of water.  

7. Organic carbon: The Total Organic Carbon 

(TOC) in source waters is derived from both 

naturally occurring organic matter (NOM) that 

has decomposed and manmade sources. The 

total organic carbon content (TOC) statistic 

measures the amount of organic carbon in 

water. The US Environmental Protection 

Agency's recommendations state that total 

organic carbon (TOC) levels in 

treated/drinking water should not exceed 2 

mg/L and those in the source water utilized for 

treatment should not exceed 4 mg/L. 

8. Trihalomethanes: Even after being chlorinated, 

water may still contain trihalomethanes. The 

amount of organic matter in the water, the 

amount of chlorine needed to treat the water, 

and the temperature of the treated water all 

have an impact on the concentration of THMs 

in drinking water.  

9. The quantity of solid particles suspended in the 

water will define its turbidity. This test 

measures the light-emitting characteristics of 

water and assesses the colloidal matter quality 

of waste discharge. The Wando Genet 

Campus's average turbidity level (0.98 NTU) 

is below the 5.00 NTU WHO limit. 
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10. If the water has a potability score of 1, it is 

suitable for human consumption; if it has a 

score of 0, it is not. 

The figure (4) and (5) shows the output and the 

descriptive statistics of the results.  

 

Results:  

 

Figure (4): The outcome 

 

Figure (5): shows the minimum, maximum, count, and standard deviation 

 

Mean: If potability is 0.39, it signifies that there 

are more 0s in the data than 1s, indicating that the 

water is not potable. 

The variance is known as the standard deviation 

(Std). 

Min: what is each attribute's minimal value? 

Maximum: these are the values for each attribute 

at their highest possible levels. 25%: this is 

significant since it shows how the data vary 

between the ranges of 0 and 25, as well as 50 and 

75. The figure (6) shows the results of the 

potability.  

To summarize the distribution of various 

composites in different types of water (alkaline, 

seawater, tap, bottled, distilled, and acidic), here 

are some key points: 

Alkaline Water: Typically has higher pH levels 

(above 7) and contains minerals like calcium, 

potassium, and magnesium. 

Seawater: Rich in salts, primarily sodium chloride, 

and contains various minerals and trace elements. 

Tap Water: Composition varies by location but 

generally includes chlorine, fluoride, and trace 

amounts of metals and minerals. 

Bottled Water: Can vary widely; some are mineral-

rich, while others are purified and may contain 

added minerals for taste. 

Distilled Water: Pure H2O with almost no 

dissolved minerals or impurities.                    

Acidic Water: Lower pH levels (below 7), often 

containing higher levels of dissolved carbon 

dioxide and other acids. 
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The figure (7) shows the results of the Distribution 

of all composites. The figure (8) represents the 

output results of the used models. 

The results are shown in a comparative table 

(Table 3), where three machine learning models—

XGBoost, Rough Forest, and Progressive 

Boosting—are evaluated based on their 

performance percentages. XGBoost achieves an 

accuracy of 76.0%, while Rough Forest and 

Progressive Boosting both show slightly higher 

accuracies of 77.0%. 

 

Figure (6): The potability of 2000 are non-potable and 1 250 are potable 

 

 

Figure (7): Distribution of all composites  

 

Figure (8): Output result   
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Table 3. Comparison table,  

Model XGBoost Rough Forest Progressive Boosting 

76.0% 77.0% 77.0% 

 

Conclusions 

 Overall, the goals of this study were met, and 

examples of the use were given, covering most 

aspects of the regular research activity in the field 

of artificial intelligence for positions in 

environmental sciences. This work also 

emphasizes how important it is to collaborate with 

starting because it frequently happens that data sets 

are unsuitable for the desired activities. In this 

thesis, various machine learning models for 

predicting the classification of water quality 

(WQC) were examined, which, according to the 

water quality score, is a unique class. as well as a 

number of water quality-related input parameters 

were used in the suggested technique. was shown 

to predict the WQC the most accurately among the 

three used methods. It had the best balanced 

accuracy and the smallest categorization error, 

accuracy, precision, focus, and f-measure. 

Classification models provide exceptionally 

accurate prediction models and are useful for 

assessing. 
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