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USING APRIORI ASSOCIATION RULES AND DECISION TREE 

ANALYSIS FOR DETECTING CUSTOMS FRAUD  

Hamzah Qabbaah, George Sammour, Koen Vanhoof 

 

Abstract:  

All over the world some people and companies try to avoid taxes whenever 

possible. Customs are not an exception to this. In this paper we investigate how 

customs fraud can be detected using data mining on logistics transaction data. 

We used both the Apriori algorithm for association rules and decision tree 

analysis to do so. We first transformed the continuous variables using both k-

means clustering and CHAID decision tree analysis for the continuous variables 

in the data set. Analysis of the rules detected by our analysis indicates that it is 

possible via this methodology to find indicators of customs fraud cases. 

Moreover, it was possible to describe in detail the situation in which the fraud 

occurred (product type, country of origin, e-shipper, the weight and the price of 

the products shipped). The results of the decision tree analysis proved to verify 

the connection between both Apriori models used and showed similar results, 

and the evaluation using the classification measures (Accuracy, Precession, 

Recall and F1) based on the confusion matrix shows high percentages. This 

confirms the value of our conclusions. 

Keywords: Customs fraud, CHAID decision tree, Apriori association rules,  

Data mining, Logistics. 

 

1. Introduction 

Any act by which a person deceives, or attempts to deceive, the customs and 

thus evades, or attempts to evade, wholly or partly, the payment of import or 

export duties and taxes constitutes customs fraud (ACFE 2018) . Clearly both 
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companies and governments would benefit from a system that could detect this 

as soon as possible in order to avoid hassle. 

The literature on fraud detection focuses mainly on internet fraud by owners of 

websites to increase their income, the so-called ‘Click-fraud’. This fraud can 

have several origins. Some web-owners are simply dishonest and use 

automation to generate traffic to defraud advertisers (Metwally, Agrawal et al. 

2007).  Several fraud detection algorithms have been proposed for this problem. 

A new architecture for web fraud detection using an Apriori algorithm for 

association rule mining in a web advertising network was introduced by Tripathi 

et al. (Tripathi, Nigam et al. 2017). Zhang et al. presented a technique to detect 

duplicate clicks in jumping windows and sliding windows. They did so using two 

innovative algorithms that make only one pass over click streams (Zhang and 

Guan 2008). Haddadi defined bluff ads, which are a group of ads that join 

forces with the intention of increasing the effort level for click-fraud spammers 

(Haddadi 2010). Mittal et al. investigated a possible way to find fraud by falsely 

manipulating forbidden information on customers (Mittal, Gupta et al. 2006). 

Finally, Triepels et al. investigated whether intelligent fraud detection systems 

can improve the detection of document fraud by miscoding and smuggling by 

analysing large sets of historical shipment data. They developed a Bayesian 

network that predicts the presence of goods on the cargo list of shipments. The 

predictions of the Bayesian network were compared with the accompanying 

documentation of the shipment to determine whether document fraud was 

perpetrated (Triepels, Daniels et al. 2018). 

None of the above literature talks about customs fraud. To the best of our 

knowledge, our field of application is therefore novel. We used two algorithms to 

find indicators of customs fraud (detection being a novel dimension for the 

phenomenon as well). They are based on the Apriori association rules and 

decision tree analyses. 
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2. Problem statement and Research question 

All over the world some people and companies try to avoid customs whenever 

possible. Therefore, detecting  customs fraud is important part to logistics 

companies, their customers and governments in a world of growing e-

commerce.  

Consequently, the following research question has to be answered: How can 

customs fraud be detected using data mining on logistics transaction data?  

Developing a methodology capable to find some indicators of customs fraud in 

such logistics transactions on the basis of data mining technology is the 

objective of this research.  

 

3. Methodology 

To answer our research question we start from a real life dataset, we will create 

a proxy for customs fraud as we will explain in the data section later. Three 

models will be applied on the data. The Apriori algorithm for association 

analysis and decision tree analysis will be used for this fraud detection 

research. We will use Apriori analysis as it is one of the most frequently used 

methods for generating association rules and searching patterns in large 

databases (John and Shaiba 2019, Silva, Varela et al. 2019). It is very fast and 

memory friendly when generating rules comparing to other association rule 

algorithms. Moreover, it can be used as a supervised method to discover 

interesting patterns and rules for selected variable (Prithiviraj and Dr.R 2015).  

Decision tree analysis will be used to verify whether its results could establish a 

connection between the association rules resulting from the apriori analysis. 

The confusion matrix will be used in this study for the evaluation by determining 

the classification measures: Accuracy, precision, recall and F1. In this paper, 

we will first explain the details of the association rules and the Apriori algorithm 

and the CHAID decision tree analysis. Second, we will follow the research 

process from data collection via preprocessing of the data to explanation of the 

analyses and results.  
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3.1 Apriori Association Rules 

Association Rules are a data mining technique. Basic association analysis 

deals with the simultaneous occurrence of several items with one another 

whereas deeper association analysis can take into consideration the quantity of 

the joint occurrence and sequence of occurrence, etc.  The method for finding 

association rules through data mining involves several steps (Linoff and Berry 

2011, Kotu and Deshpande 2014). The sequence is the following: 

 Prepare the data: an association algorithm needs input data to be 

formatted in a particular format. 

 Short-list frequently occurring item sets. Item sets are combination of 

items. An association algorithm limits the analysis to the most frequently 

occurring items. The final and meaningful rules are extracted in the next 

step. 

 Finally, the algorithm generates and filters the rules based on the 

interest measure (Kotu and Deshpande 2014). 

All association rules algorithms try to find frequently occurring item sets within a 

base of possible item sets. The Apriori algorithm is the most frequently used. 

It leverages some simple logical principles on the item sets to reduce the 

number to be tested for a certain support measure (John and Shaiba 2019). 

The algorithm is based on the principle that ‘If an item set is frequent, then all its 

subset items will be frequent’ (Tan, Steinbach et al. 2005). The name of the 

algorithm is based on the fact that the algorithm uses prior knowledge of 

properties of frequent items (Kotu and Deshpande 2014). 

Apriori association rules employ an iterative approach known as a level-wise 

search, where k- item sets are used to explore (k +1) item sets.  First, the set of 

frequent 1-itemsets is found by scanning the database to accumulate the count 

for each item, and collecting those items that satisfy a minimum support. The 

resulting set is denoted by L1. Next, L1 is used to find L2, the set of frequent 2-

itemsets, which is used to find L3, and so on, until no more frequent k-item sets 

can be found. The finding of each Lk requires one full scan of the database 

(Kotu and Deshpande 2014).  
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3.2 The Chi-Squared Automatic Interaction Detection (CHAID) algorithm 

Decision tree analysis is a data mining technique that encompasses several 

algorithms to predict a dependent variable (Qabbaah, Sharawi et al. 2017). 

These predictions are determined by the influence of independent predictor 

variables (Qabbaah., Sammour. et al. 2019). It is “a structure that can be used 

to divide a large collection of records into successively smaller sets of records 

by applying a sequence of simple decision rules. Decision trees “use a set of 

rules for dividing a large heterogeneous dataset into smaller, more 

homogeneous groups with respect to a particular target variable” (Linoff and 

Berry 2011). With each successive division, the members of the resulting sets 

become more and more similar to one another”(Linoff and Berry 2011).  

Each procedure goes as follows. “After the Dataset is split into n nodes, the 

process is repeated on each node until the data are completely partitioned or 

until a stopping rule is met. This means that there are no longer enough cases 

to partition, or only one case remains for the last node. The entire classification 

of data is then visualized through a graphical tree, which explains the interaction 

of x (x1, x2, …, xm) and y” (L. and Jr 2012). The classification procedures will 

attempt to provide as much separation as possible with regards to classifying 

data into correct cases (Long, Griffith et al. 1993). Graphically, decision trees 

will produce a tree T which is composed of a root node and child nodes (De'ath 

2000) (Ripley and Hjort 1995). The tree is essentially a connected graphic that 

is inverted. However, the tree display is user specific (Loh and Shih 1997, L. 

and Jr 2012).  

There are several decision tree classification procedures. The algorithm used in 

this research is Chi-Squared Automatic Interaction Detector (CHAID). 

CHAID algorithm is one of the most popular classification procedures (Loh and 

Shih 1997) because it can manage both continuous and categorical variables 

and handle a very large dataset with high speed performance (Díaz-Pérez and 

Bethencourt-Cejas 2016). CHAID uses Chi-square test for splitting  

With regards to splitting, CHAID is not bound to binary splits and allows for 

multiple level splits at each node. The algorithm searches for the best possible 

split for the different values of the independent variable then determines if the 
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data should be merged to form a node or split in the data. Essentially, the best 

predictor is selected to begin splitting the data. During this process, CHAID 

selects the best predictor based on comparisons of the adjusted p-value for 

each predictor (L. and Jr 2012). This is a three step process for determining 

splitting.  The splitting and merging procedures for CHAID are independent of 

one another. 

The algorithm uses as sequential process where splitting and merging occur at 

the same time. The basis behind this aspect of the algorithm is rooted in the 

computation time of T. CHAID has difficulty in determining when and where to 

stop (Loh and Shih 1997). Stopping is also a three steps process determined by 

the chi-square statistic. As such, stopping occurs when the critical level of the 

chi-square test  fails to meet the test. 

 

4 Data and Data preprocessing 

The research framework of this paper is: data collection, preprocessing of the 

data, analysing and obtaining the results. 

The data used in this research were obtained from an international logistics 

services company. Cleaning and merging tables of the data has been applied in 

order to obtain the final data set. The total number of transactions in the final 

dataset is equal to the size of the sample (n=8,243). Some important elements 

have to be mentioned that guided us in selecting the variables used in the 

analysis models. 

The product type, weight, quantity, destination and country of origin are logically 

used. This is amongst others based on what the customs regulation in Gulf 

Cooperation Council states (GCCStates 2018). We will use COD Value USD  

and Customs Values USD to define the fraud proxy. Table 1 shows the 

description of the variables used in this research. 
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Table 1. The description of the data variables. 

Variable Data type Data description 

Variables in the original dataset 

ID Integer The ID of the order 

Weight In KG Double The weight of shipment in KG 

CODValueUSD Double The amount of cash on delivery in USD 

Product Group name String 
Product category group name of the 

shipment. 

Product group ID Integer Product category group ID 

Customs Value USD Double 
The declared value of the goods for 

customs department in USD 

Destination String Destination city of shipment 

Origin Country String Country of origin of the shipment 

DestCountry String Country of destination of the shipment 

ShipperID Integer The ID of the E-commerce companies 

Created variables 

COD Customs 

amount USD  
Double 

The customs value of the goods 

measured using COD Value USD 

Customs amount  

USD 
Double 

The customs value of the goods 

measured using the declared customs 

value USD 

Weight K-mean class Integer 
Transformation classes of the weight 

using k-means 

Weight CHAID class Integer 
Transformation classes of the weight 

using CHAID decision tree 

Value USD K-mean 

class 
Integer 

Transformation classes of the COD value 

of using k-means 

  Value USD CHAID 

class 
Integer 

Transformation classes of the COD value 

using CHAID decision tree 

Customs Fraud class Boolean 
Indicators of the fraud. 

Class:Yes(1),No(0) 
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The variables ‘COD Customs amount USD’  and ‘Customs amount  USD’ have 

been calculated using the import duties of the products multiplied by the goods 

value (COD or the declared value to customs department)  taking into 

consideration whether the shipment was sent within the same country or not. 

The variable ‘Customs Fraud class’ has been created by dividing the value of 

customs paid using the declared value of the goods to customs department 

(‘Customs amount  USD’) over the new calculated customs value using the 

COD value which is the real amount of the goods that the customer should pay 

(‘COD Customs amount USD’). If the answer is less than 0.8 (indication of 

fraud) or greater than 1.25 (overpayment, not matched in our data) then we 

identified the Fraud class as 1 (there is fraud), otherwise the Fraud class was 

identified as 0 (no fraud). 

All the variables should be nominal or categorical as an input for the Apriori 

association rules. Therefore, converting the continuous variables such as 

weight and price to nominal is essential. This transformation process will be 

performed using clustering and decision tree analysis as follows: 

1. Transformation using k-means clustering: The main objective of K-

means is to partition the dataset into k clusters in which each instance belongs 

to the cluster with the nearest mean (Qabbaah, Sammour et al. 2019). 

To transform the continuous variables taking into consideration ‘Fraud Class’ 

which is our goal in this research, we created a k-means cluster model with 

three attributes, ‘Fraud class’, ‘weight in KG’ and ‘COD Value USD’. Table 2  

shows the results. The variables ‘Weight K-mean class’ and ‘Value USD K-

mean class’ have been created for each transaction. 

 

Table 2. Transformation results using K-means clustering. 

Clusters Avg.Weight In 

Kg 

Avg.COD Value 

USD 

Fraud 

class 

Number of 

Items 

Cluster 1 0.79383 72.166 1 551 

Cluster 2 2.0341 131.96 1 778 

Cluster 3 6.891 158.02 1 258 
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2.Transformation using decision tree: To transform the continuous variables 

taking into consideration ‘Fraud Class’  which is our goal in this research, we 

created two CHAID decision tree models. The dependent variable of the first 

model is ‘Fraud class’ and the independent variable is ‘Weight in KG’, whereas 

the dependent variable of the second model is ‘Fraud class’ and the 

independent variable is ‘COD Value USD’. Table 3 shows the categories of 

‘Weight in kg’ variable and Table 4 shows the categories of ‘COD Value USD’ variable. 

 

Table 3. ‘Weight in kg’ categories using CHAID decision tree analysis. 

Class Value Class Value 

1 <= 0.230 6 (1.640 , 2.450] 

2 (0.230 , 0.490] 7 (2.450 , 5.380] 

3 (0.490 , 0.750] 8 (5.380 , 8.130] 

4 (0.750 , 1.120] 9 (8.130 , 19.780] 

5 (1.120 , 1.640] 10 >19.780 

 

Table 4. ‘COD Value USD’ categories using CHAID decision tree analysis. 

Class Value Class Value 

1 <= 39.5790 5 (134.702 , 168.061] 

2 (39.579 , 98.397] 6 (168.061 , 263.188] 

3 (98.397 , 117.657] 7 >263.188 

4 (117.657 , 134.702]   

 

5 Analyses and Results 

After applying the pre-processing phase, we are ready to use the data for 

further analyses. In this section, we will first present the results of the Apriori 

association rules analysis. Next we will show the results of the CHAID Decision 

tree analysis.  
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5.1 The analyses and the results of customs fraud detection apriori 

models (models 1 and 2) 

Two models will be created for this fraud detection. Model-1 uses K-means 

transformation and model-2 uses CHAID transformation.  

1. The variables used in model-1 are (weight class k-mean, COD value 

class k-mean, product group name, destination, origin country, shipper-id, 

fraud class). Table 5 shows the Apriori run information for the first model using 

K-means transformation.  

 

Table 5. Apriori run information for the first model using K-means 

transformation. 

Instances Minimum support Minimum metric <confidence> 

8234 0.01 0.1 

 

Table 6 shows the summary of the important rules found as a result of the 

Apriori association rules algorithm using K-means transformation for the 

continuous variables.  

Table 6. Summary of the important rules found when detecting customs fraud 

with model-1 using k-means transformation for the continuous variables. 

N The Rules 

1 Weight class k-mean=2, COD class k-means=3, Product Group 

Name=Apparel, Destination=RUH, Origin Country=HK, Shipper 

ID=599818. 224 ==> _Fraud class=1. 224 cases,   confidence:(1) 

2 Weight class k-mean=2, COD class k-means=2, Product Group 

Name=Apparel, Destination=RUH, Origin Country=HK, Shipper 

ID=599818. 178 ==> _Fraud class=1. 178 cases,   confidence:(1) 

3 Weight class k-mean=2, COD class k-means=3, Destination=JED, Origin 

Country=HK, Shipper ID=599818. 168 ==> _Fraud class=1. 168 cases,   

confidence:(1) 



International Journal “Information Theories and Applications”, Vol. 27, Number 3, © 2020 

 

213 

N The Rules 

4 COD class k-means=3, Product Group Name=Apparel, Destination=JED, 

Origin Country=HK, Shipper ID=599818. 137 ==> _Fraud class=1. 137 

cases,   confidence:(1) 

5 Weight class k-mean=2, COD class k-means=2, Product Group 

Name=Apparel, Destination=JED, Origin Country=HK Shipper ID=599818. 

113 ==> _Fraud class=1. 113 cases,   confidence:(1) 

6 Weight class k-mean=2, Product Group Name=Shoes, Origin Country=HK, 

Shipper ID=599818. 115 ==> _Fraud class=1. 104 cases,   

confidence:(0.9) 

7 Weight class k-mean=2, Destination=DHA, Origin Country=HK, Shipper 

ID=599818. 113 ==> _Fraud class=1. 101 cases,   confidence:(0.89) 

8 Product Group Name=Bag/Case, Origin Country=HK, Shipper ID=599818. 

342 ==> _Fraud class=1. 126 cases,   confidence:(0.37) 

9 Product Group Name=Apparel, Destination=RUH, Origin Country=HK, 

Shipper ID=599818. 1274 ==> _Fraud class=1. 607 cases,   

confidence:(0.48) 

10 Product Group Name=Shoes, Origin Country=HK, Shipper ID=599818. 

312 ==> _Fraud class=1. 133 cases,   confidence:(0.43) 

11 Product Group Name=Apparel, Destination=JED, Origin Country=HK, 

Shipper ID=599818. 1094 ==> _Fraud class=1. 453 cases,   

confidence:(0.41) 

12 Weight class k-mean=2, Product Group Name=Bag/Case, Origin 

Country=HK, Shipper ID=599818. 129 ==> _Fraud class=1. 108 cases,   

confidence:(0.84) 

13 Product Group Name=Apparel, Destination=DHA, Origin Country=HK, 

Shipper ID=599818. 272 ==> _Fraud class=1. 118 cases,   

confidence:(0.43) 

14 Weight class k-mean=1, Product Group Name=Apparel, Destination=RUH, 

Origin Country=HK, Shipper ID=599818. 779 ==> _Fraud class=1. 169 

cases,   confidence:(0.22) 



International Journal “Information Theories and Applications”, Vol. 27, Number 3, © 2020 

 

214 

N The Rules 

15 Weight class k-mean=1, COD class k-means=1, Product Group 

Name=Apparel, Destination=JED, Origin Country=HK, Shipper ID=599818. 

751 ==> _Fraud class=1. 151 cases,   confidence:(0.2) 

16 Weight class k-mean=1, COD class k-means=1, Product Group 

Name=Apparel, Destination=RUH, Origin Country=HK, Shipper 

ID=599818. 741 ==> _Fraud class=1. 131 cases,   confidence:(0.18) 

17 Weight class k-mean=1, Product Group Name=Beauty Supplies, 

Destination=JED. 106 ==> _Fraud class=1. 15    confidence:(0.14) 

 

As an example, rule number one reads as follows:  If the shipment sent from 

Hong Kong to Riyadh and bought via e-commerce-ID=599818 and the product 

category was ‘Apparel’ with price class= 3, and weight class=2 as shown in 

Table 6.15, then 224 transactions were indicated as a customs fraud case.  All 

rules have to be interpreted in this way. So, rule number 8 reads as: If the origin 

country of the shipment is ‘Hong Kong’ and bought via e-commerce-ID=599818 

and the product category was ‘Bag/case’, then 126 transactions are indicated 

as customs fraud cases. 

2. The variables used in model-2 are (weight class CHAID, COD value 

class CHAID, product group name, destination, origin country, shipper-id, 

fraud class). Table 7 shows the Apriori run information for the second model 

using CHAID transformation. 

 

Table 7. Apriori run information for the second model using CHAID 

transformation. 

Instances Minimum support Minimum metric <confidence> 

8234 0.01 0.1 

 

Table 8 shows the summary of the important rules found in model-2 as a result 

of the Apriori association rules algorithm using CHAID transformation for the 

continuous variables. 
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Table 8. Summary of the important rules found when detecting customs fraud 

with model-2 using CHAID transformation for the continuous variables. 

N The Rules 

1 COD value class Chaid=5, Product Group Name=Apparel, 

Destination=RUH, Origin Country=HK, Shipper ID=599818. 135 ==> 

_Fraud class=1. 135 cases,   confidence:(1) 

2 COD value class Chaid=6, Product Group Name=Apparel, Origin 

Country=HK, Shipper ID=599818. 94 ==> _Fraud class=1. 94 cases,   

confidence:(1) 

3 Weight class Chaid=6 COD, value class Chaid=5, Origin Country=HK, 

Shipper ID=599818. 93 ==> _Fraud class=1. 91 cases,   confidence:(0.98) 

4 Weight class Chaid=7, COD value class Chaid=5, Origin Country=HK, 

Shipper ID=599818, 99 ==> _Fraud class=1. 91 cases,   confidence:(0.92) 

5 COD value class Chaid=5, Destination=JED, Origin Country=HK, Shipper 

ID=599818. 112 ==> _Fraud class=1. 102 cases,   confidence:(0.91) 

6 Weight class Chaid=8, Product Group Name=Apparel, Origin Country=HK, 

Shipper ID=599818. 105 ==> _Fraud class=1. 88 cases,   

confidence:(0.84) 

7 Weight class Chaid=7, Product Group Name=Apparel, Destination=RUH, 

Origin Country=HK, Shipper ID=599818. 166 ==> _Fraud class=1. 120 

cases,   confidence:(0.72) 
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N The Rules 

8 COD value class Chaid=4, Product Group Name=Apparel, 

Destination=RUH, Origin Country=HK, Shipper ID=599818. 229 ==> 

_Fraud class=1. 151 cases,   confidence:(0.66) 

9 COD value class Chaid=4, Product Group Name=Apparel, 

Destination=JED, Origin Country=HK, Shipper ID=599818. 159 ==> 

_Fraud class=1. 103 cases,   confidence:(0.65) 

10 Weight class Chaid=6 COD, value class Chaid=4, Product Group 

Name=Apparel, Origin Country=HK, Shipper ID=599818. 193 ==> _Fraud 

class=1. 121 cases,   confidence:(0.63) 

11 Weight class Chaid=6, Product Group Name=Apparel, Destination=JED, 

Origin Country=HK, Shipper ID=599818. 201 ==> _Fraud class=1. 114 

cases,   confidence:(0.57) 

12 Weight class Chaid=6, Product Group Name=Apparel, Destination=RUH, 

Origin Country=HK, Shipper ID=599818. 264 ==> _Fraud class=1. 146 

cases,   confidence:(0.55) 

13 Weight class Chaid=5, COD value class Chaid=3, Origin Country=HK, 

Shipper ID=599818. 171 ==> _Fraud class=1. 84 cases,   

confidence:(0.49) 

14 Weight class Chaid=5, Product Group Name=Apparel, Destination=RUH, 

Origin Country=HK, Shipper ID=599818. 244 ==> _Fraud class=1. 119 

cases,   confidence:(0.49) 
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N The Rules 

15 Weight class chaid=6, COD value class chaid=4, Origin Country=HK, 

Shipper ID=599818. 245 ==> _Fraud class=1. 157 cases,   

confidence:(0.64) 

16 COD value class Chaid=3, Product Group Name=Apparel, 

Destination=RUH, Origin Country=HK, Shipper ID=599818. 208 ==> 

_Fraud class=1. 95 cases,   confidence:(0.46) 

17 Product Group Name=Apparel, Destination=DHA, Origin Country=HK, 

Shipper ID=599818. 272 ==> _Fraud class=1. 118 cases,   

confidence:(0.43) 

18 Product Group Name=Shoes, Origin Country=HK, Shipper ID=599818. 

312 ==> _Fraud class=1. 133 cases,   confidence:(0.43) 

19 COD value class Chaid=3, Destination=JED, Origin Country=HK ,Shipper 

ID=599818. 214 ==> _Fraud class=1. 91 cases,   confidence:(0.43) 

20 Weight class Chaid=6, COD value class Chaid=3, Origin Country=HK, 

Shipper ID=599818. 208 ==> _Fraud class=1. 85 cases,   

confidence:(0.41) 

21 Product Group Name=Bag/Case, Origin Country=HK, Shipper ID=599818. 

342 ==> _Fraud class=1. 126 cases,   confidence:(0.37) 

22 Weight class Chaid=5, Destination=JED, Origin Country=HK, Shipper 

ID=599818. 290 ==> _Fraud class=1. 101 cases,   confidence:(0.35) 
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N The Rules 

23 Weight class Chaid=2 COD, value class Chaid=2, Product Group 

Name=Apparel, Origin Country=HK, Shipper ID=599818. 314 ==> _Fraud 

class=1. 104 cases,   confidence:(0.33) 

24 Weight class Chaid=4, Product Group Name=Apparel, Origin Country=HK, 

Shipper ID=599818. 442 ==> _Fraud class=1. 127 cases,   

confidence:(0.29) 

25 COD value class Chaid=2, Product Group Name=Apparel, 

Destination=JED, Origin Country=HK, Shipper ID=599818. 643 ==> 

_Fraud class=1. 169 cases,   confidence:(0.26) 

26 COD value class Chaid=2, Product Group Name=Apparel, 

Destination=RUH, Origin Country=HK, Shipper ID=599818. 629 ==> 

_Fraud class=1. 161 cases,   confidence:(0.26) 

27 Weight class Chaid=5, COD value class Chaid=2, Origin Country=HK, 

Shipper ID=599818. 427 ==> _Fraud class=1. 93 cases,   

confidence:(0.22) 

28 Weight class Chaid=4, COD value class Chaid=2, Origin Country=HK, 

Shipper ID=599818. 514 ==> _Fraud class=1. 109 cases,   

confidence:(0.21) 

29 Weight class Chaid=3, COD value class Chaid=2, Origin Country=HK, 

Shipper ID=599818. 407 ==> _Fraud class=1. 85 cases,   

confidence:(0.21) 
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Using this transformation, rule number 15 looks for instance as follows:  If the 

origin country of the shipment is Hong Kong and bought via e-commerce-

ID=599818 with a price value is between (117.657, 134.702] and the weight 

value between (1.640 , 2.450] then 157 transactions are indicated as customs 

fraud cases 

Rule number 27 can be explained as follows:  If the origin country of the 

shipment is Hong Kong and bought via e-commerce-ID=599818 and the weight 

value being between (1.120 , 1.640] and the price value being between (39.579 

, 98.397] then 93 transactions are indicated as a customs fraud case 

When we look at all the decision rules mentioned in both models, we can notice 

that most of the cases of customs fraud have some common characteristics. 

The origin of the shipments is Hong Kong, the customers were mostly 

customers of the same e-commerce-ID company (ID=599818) and the cases 

involved different product categories, but mostly ‘Apparel’ of different values. A 

practical conclusion for the forwarding logistics company might consequently be 

to look more carefully at who is operating the e-commerce site and maybe train 

the people there to understand the customs rules better and to apply them more 

carefully. Moreover improvement can be monitored. 

 

5.2 The results of customs fraud decision tree model (model-3)  

The goal of this model (model-3) is to try to detect customs fraud using CHAID 

decision tree analysis and verify whether the results of the two previous models 

using association rules actually are similar to this model and in how far the 

results support each other. 

The dependent variable in this model is Fraud class. The independent variables 

are (Weight In KG, Product Group Name, COD Value USD, Origin Country, 

Shipper ID). Table 9 presents the summary of Model-3. 

The total number of transactions present in each node is based on Fraud class 

(category ‘Yes-indication of Fraud’ or category ‘No-Not Fraud). The total 
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number of nodes in the model is 24, while the number of terminal nodes is 17. 

Figure 1 shows the tree map of the Fraud model created. 

We can conclude for instance that if the shipper ID is ‘599148’ and weight in Kg 

<=0.230, there are 14 cases indicated as a fraud (node 5 explained). If the 

shipper ID is ‘599818’ and the values of ‘COD Value USD’ are between (117.6-

134.7) and the product group name are ‘Beauty supplies’ or ‘Apparel’, then 

there are 288 cases indicated as a fraud (node 19 explained).  

We can draw some conclusions about the similarity between the rules 

conducted from association rules models and the decision tree model.  

The rules of model-3 are in general somewhat similar to the rules conducted by 

the Apriori analysis. Some examples of this similarity are the following.  Most of 

the cases were for instance attributed to Shipper ID= 599818 and occurred with 

the product groups ‘Apparel’, ‘Shoes’ and ‘Bag/Case’.  Moreover, ‘weight in kg’ 

and ‘COD’ variables show some similar values in the nodes of the CHAID 

model and the association rules. For instance, we can see the occurrence of the 

values 0.231, 0.49, 1.12 for the ‘weight in kg’ as variables in model-2 and 

model-3, and the values 98.39 and 134.7 for the ‘COD’ variable in both models 

as well. The transformation in model-1 was performed using k-means as shown 

in table One, the splitting of ‘weigh in kg’ and ‘COD value USD’ variables are 

different (in total 3 classes), but at the same time we can also see values of the 

‘COD’ variable close to one another: the average of the first class in model-1 

was 72.1 and the average of the second class was 131.9, values relatively 

close to the values found by model-3 (72.2 and 134.7). The rules performed by 

Apriori models (one and two) are more comprehensive than the results of the 

CHAID decision tree model. The decision tree model (model-3) splits the 

independent variables using the variable that has the most significant effect on 

the dependent variable one by one and sequentially.  

 

Therefore, the results of Model-3 confirm our results in model-1 and model-2, 

but the rules extracted of the Apriori models are more comprehensive and are 

therefore capable of detecting fraud in deeper detail.  
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Table 9. Fraud class decision tree model summary. 

Model Summary 

Specifications Growing Method CHAID 

 Dependent Variable Fraud class 

 Independent Variables Weight In KG, COD Value USD, 

Product Group Name, Origin 

Country, Destination, Shipper ID 

 Validation Cross Validation, n=25 

Results Independent Variables 

Included 

Shipper ID, COD Value USD, 

Weight In KG, Product Group 

Name, Destination 

 Number of Nodes 24 

 Number of Terminal 

Nodes 

17 
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Figure 1. CHAID decision tree for Model 3  
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 Evaluation the Customs fraud CHAID model using classification 

measures tests 

To evaluate the quality of the CHAID customs Fraud model, the classification 

measures (accuracy, recall, precision and f-score) have been used on the test 

data based on the confusion matrix.  

Figure 2 shows the classification results on the test data of the CHAID customs 

Fraud model. 

 

 

Figure 2: Classification results of the CHAID customs fraud model. 

 

We can conclude that our CHAID model has a high average percentage of 

accuracy with 88%. The average of the recall, precision and f-score also have a 

high percentage with 97%, 89% and 93% respectively. 

 

5.3 Discussion of the results of the custom fraud detection models  

We have used the Apriori association rules and decision tree analysis on a 

partial section of our data base to answer the research question whether and 

how we can find indications of customs fraud using the data base only. After 

transformation of some of the continuous data using both k-means clustering 
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and CHAID decision tree analysis, we have indeed succeeded in finding rules 

that allow to check whether there are cases of customs fraud in the data base. 

Some of these rules have been explained in detail.  

This is highly significant for the users of the data base. Detecting customs fraud 

is indeed an important element in getting online business shipment systems 

within the realm of completely honest and trustworthy business on a global 

scale. This is important to all parties involved: forwarders, customers and 

governments. Forwarders like the company providing our database can more 

reliably offer fraud-proof systems to their customers, customers can faithfully 

rely on the forwarders that they will not be confronted with government claims 

afterwards and given the actual rules of customs application, and governments 

can trust forwarders more in not avoiding customs as fraud cases are detected 

before.  

Our detection method is capable of doing so. To the best of our knowledge, it 

proves to be the first research method that detects fraud and proves to perform 

well. Moreover, the decision tree analysis proved to verify the connection 

between both Apriori models used and showed similar results, thus 

corroborating our research  conclusions.  Consequently this research 

constitutes an important contribution to both the scientific literature on data 

mining as a technique to find indication of customs fraud and to the practice of 

improving e-commerce behaviour.  

 

6. Conclusion  

In this section the major results of our different analyses are related to the 

research question will be presented.  

Our research question read as follows:  ‘How can customs fraud be detected 

using data mining on logistics transaction data?’ 

The objective was to find evidence of potential customs fraud on different 

logistics trajectories based on the variables in the data base such as product 

categories and logistics routes. 
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This objective was achieved using both the Apriori algorithm for association 

rules and decision tree analysis. First we had to transform the continuous 

variables using both k-means clustering and CHAID decision tree analysis. This 

was done for the weight and price variables. Analysis of the rules detected in 

our analysis indicates that it is possible via this methodology to find indicators of 

customs fraud cases. Moreover, it was possible to describe in detail the 

situation in which the fraud occurs, indicating e-commerce customers (ID), 

types of goods (mostly apparel in our data base) and country of origin (mostly 

Hong Kong in our database).  

Moreover, the results of the decision tree analysis proved to verify the 

connection between both Apriori models used and showed similar results, which 

confirm the value of our research conclusions. 

This should allow logistics companies to offer a customs fraud service to their 

customers-partners, causing these customers and also government instances 

less hassle. As it is to our knowledge the first data mining technique capable of 

finding indications of customs fraud accurately, our research has a significant 

contribution to both data mining research and the logistics world. 
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SUBSTANTIVE FORMULATION OF UAV GROUPS ROUTES 

OPTIMIZATION PROBLEM 

Maksym Ogurtsov, Vyacheslav Korolyov 

 

Abstract: Submissions of several specific problems of optimizing UAV routes for individual and group use 

are provided. The object of the study is the problems of combinatorial optimization of routes for UAVs and 

their groups that collect and transmit information to control points. General formulation of the target search 

problem in the area was given. An analysis of how to evaluate the quality of the search and what is the 

criteria for its effectiveness was conducted. The formal statement and mathematical model of the UAV 

routing problem are presented, which deals with the stages of the operation planning and the visiting the 

set targets by UAVs at the same time. Algorithms, based on this mathematical model can become the 

basis for solving several complex technical problems: increasing the tactical and technical (minimizing the 

territory exploring time by the UAV group) plus technical and economic indicators (minimizing the UAVs 

amount) while using UAVs groups. In this case, the UAVs would act as a team, which is tasked with 

examining or servicing several objects. As a result of the performed works, the routing problem meaningful 

statement for the UAV radio network with and without retransmission of control signals from the ground 

control center and the possibility of the UAV autonomous movement on the part of the route has been 

further developed. 

Keywords: UAV routes, combinatorial optimization, routing optimization. 

 

Introduction 

In recent years, we have a clear trend for the unmanned vehicles usage 

expansion, in particular, UAVs. The worldwide experience of the UAV 

development, especially in such high-technology countries as the USA, 

Germany and Israel, shows that UAVs in the next 10-15 years will be able to 

perform most of the problems that are now being tackled by manned means. 

Already, UAVs are used to control the technical condition, safety and operation 

of various objects and systems, in particular in ecology, agriculture and forestry, 
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in railway transport, and the organization of marine search and rescue 

operations [Ponda et al, 2015], [Austin, 2011]. 

The rapid expansion of UAV applications in recent years has shaped the need 

for new classes of problems. 

 

Formulation of the Problem 

Mathematical models and combinatorial optimization methods development for 

real-time problems is an actual problem, as evidenced by a large number of 

specialized monographs, journals and conferences, which is conditioned both 

by practical needs and the complexity of theoretical problems that arise. At the 

same time, the problem is not only finding solutions, but also saving limited 

resources – fuel, computing resources, time, etc. This determines the need to 

develop software-algorithmic tools for the creation of appropriate information 

technology to save UAV resources and ensure optimal routing. 

This article is aimed at the development of new mathematical models and 

algorithms oriented to use in the construction and operation of specialized 

networks, the nodes of which will be UAVs, stationary and mobile ground 

control points of different levels. 

 

Analysis of Recent Research and Publications 

To construct criteria for optimizing UAVs operations the estimates of the search 

efficiency used in the theory of operations were proposed in monographs 

[Jaiswal, 2012], [Golden et al, 2008]. 

The problem of finding objects during air surveillance and research began in the 

1940s based on US business performance measurement approaches, which 

later became part of the theory of operations research [Ventzel, 1964]. 

Accumulated data on combat actions allowed to highlight critical parameters for 

assessing the outcome of the operation, formulate performance criteria, and 

perform a meaningful statement of optimization problems. The solution of the 
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problem allowed to increase the effectiveness of their own sentinel devices in 

time, reduce their number, identify problems in their distribution in the areas of 

responsibility, etc. 

The listed approaches to the search organization mostly did not include the use 

of a group of UAVs integrated into the network to perform search operations 

[Kumari et al, 2020], [Ye et al, 2020], [Корольов et al, 2017], [Корольов & 

Огурцов, 2017], [Огурцов & Ходзінський, 2016], [Поліновський et al, 2017], 

[Гуляницький & Огурцов, 2020], so this remain an actual scientific problem. 

The tasks of route optimization of both single UAVs and their groups ([Coutinho 

at al, 2018], [Horbulin at al 2020]) belong to NP-complete problems, therefore 

exact algorithms cannot be used in practice. This applies to even the most 

simple and researched tasks, when you want to find the optimal route of the 

single UAV between two points: start and finish (see, for example, [Zhao at al, 

2018] or [Otto at al, 2018]). Researchers have proposed a number of 

metaheuristic methods, including ant colony optimization algorithms ([Cekmez 

at al, 2017], [Perez-Carabaza at al, 2018] and [Гуляницький & Рибальченко, 

2018]), genetic ([Chiang at al, 2019], [Binol at al, 2018]), and artificial bee 

colony algorithms ([Xu at al, 2010], [Tian at al, 2018]) and particle flow 

optimization [Shakhatreh at al, 2017]. 

Moreover, additional restrictive conditions should often be taken into account 

(for example, flight range without recharging or refueling, load capacity, 

minimum turning radius, weather conditions, etc.), as it was described in [Ponda 

et al, 2015], [Austin, 2011], [Tsourdos at al, 2010], [Shima and Rasmussen, 

2009]. 

In some cases, the formulation of such problems is similar to the known class of 

vehicle routing problems (VRP) [Toth and Vigo, 2014] [Braekers at al, 2016], in 

particular, VRP with several depots [Karakatič and Podgorelec, 2015], [Soto at 

al, 2017]. 
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The Goal of the Work 

The goal of the work – automation of UAV groups flight routes building and 

relaying signals between them, which allows us to increase the radius of 

effective action. For example, if the effective range of one UAV is 8-10 km, then 

using a network of several UAVs in the relay mode, you can increase the area 

of reconnaissance and exploration at least three times. 

Research methodology – combinatorial optimization theory, combinatorial 

analysis. 

 

UAV Group Operations 

The authors in previous studies [Корольов et al, 2017], [Корольов & Огурцов, 

2017], [Огурцов & Ходзінський, 2016], [Поліновський et al, 2017], 

[Гуляницький & Огурцов, 2020] considered some routes optimization problems 

for ground and aviation robotized systems. Below is a more detailed discussion 

of the management of a UAV group that is associated with the functioning of a 

group as a team that performs tasks with the ability to apply relay control 

signals. 

The coordination of UAV groups flights, which execute a territory survey, the 

creation of images (in particular, stereo images) will allow us to control the 

situation. When planning a territory survey for UAVs, two types of problems can 

be distinguished, each of which has certain peculiarities that are important for a 

solution. 

 

The general formulation of the target search problem in the area 

The search problem is to scan a specific territory for an optimal way to identify 

objects [Корольов et al, 2017], [Поліновський et al, 2017]. Let’s assume that 

the region is divided into lesser areas or cells (not necessarily identical), but the 

probability that the target is known in the i-th area, where (i= 1, ..., N). According 

to the problem formulation, it is necessary to find such a division of the total 
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amount of time t at time intervals ∆t for each district in such a way as to 

maximize the probability of identifying the target. The problem has an analytical 

solution: in each region the probability of detecting a target has a uniform 

distribution [Jaiswal, 2012]. This is based on the assumption that the size of the 

area is large compared with the sector maximally explored by the UAV sensor 

in a stable position. The probability of detecting a target, given that it is present 

in area i, is: 

 

Pi=1-exp(-∆ti/Ti), 

 

where Ti is the average time to detect object in the explored area. 

Then the discrete optimization problem for finding the object in the area is 

formulated as follows [Jaiswal, 2012]: 

 

maxP=Σpi(1-exp(-∆ti/Ti)) 

Σ∆ti=t, ∆ti≥0 

 

Similar statements do not take into account the possibility of using a UAV group 

that will simultaneously search for an object. Also, to solve this problem, a 

search may be considered as optimal, and then look for spatial distribution 

parameters inside the group [Jaiswal, 2012]. 

 

Analysis of search quality evaluation 

The problem of objects finding from the air began to be resolved during the 

1940s based on the approaches to determining the process effectiveness in the 

United States, which later became part of the theory of operations research 

[Ventzel, 1964]. The accumulated data allowed us to allocate critical parameters 

to assess the outcome of the operation, to formulate the effectiveness criteria 
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and to perform a meaningful statement of optimization problems. The problem 

solution allowed to increase the effectiveness of their sentinel agents in time, 

reduce their number, identify problems in their distribution in the areas of 

responsibility, etc. 

Search efficiency criteria. Such criteria can be used to calculate the input data 

of the routing problem for the UAV group. 

Relative search speed. Relative search speed considering the estimation of 

search efficiency used in the theory of operations to construct criteria for 

optimizing UAV search and patrolling operations [Ventzel, 1964]. The efficiency 

measure is introduced as the ratio of the real to theoretical achievable search 

speeds: 

 

ZE=Vp/Vm 

 

This is, in essence, the ratio of the average density of objects we are searching 

for in the search area to the amount of their detection by UAVs per unit time. 

Real search speed in the area. Real search speed in the area may be 

calculated according to the next equation: 

 

Vp=(K/T)/(O/S) 

 

where K is the number of detected objects, T is the period of time for which 

these objects were found, О – the potential number of objects we are searching 

for in the area, S is the cell size of the search territory. 

The theoretical speed of UAV searches: 

 

Vm=L·V 
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where L is the effective range of the object detection by UAVs, V – the UAV 

movement speed. 

The ratio determines the productivity of using UAV tools. A comparison of real 

and theoretical search efficiency is a way of tracking the performance of search 

operations. This measure of effectiveness is not prize-winning for immediate 

use during district intelligence by the UAV group, since it uses a lot of a 

posteriori information; in the examples of its application, the indicator is 

measured during the month [Ventzel, 1964]. 

The relative area of the surveyed territory. As the criterion of the object 

search effectiveness in a given territory, the average value of the explored area 

with the given confidence until the specified period of time can also be used 

[Ventzel, 1964].  

The effectiveness of UAV objects search is determined as follows: 

 

ZOS=(∆S/s)·p 

 

where ∆S – area, explored by one UAV, s – the total area of the UAV search at 

a single moment, p – probability of the successful task completion. The purpose 

of the UAV's search is based on the analysis of independent events: the correct 

recognition of the target object, obstacles (bad weather etc.) absence; 

therefore, the probability of fulfilling the task will be their product: the probability 

of correct recognition of the target object por and the likelihood of avoiding the 

influence of the obstacle poi. So, the stability of task completion: 

 

p = por poi 

 

For a group of N UAV, which facing, for example, M bad weather condition, 

interfering with successful control by the operator, the Bernoulli experiments 
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repeat theorem to determine the probability of operation success will work 

[Корольов & Огурцов, 2017]: 

 

PBW M=(CN)MWM·(1-W)N-M 

 

where W – the probability of losing control over UAV due to bad weather 

conditions. Since the UAVs mostly have a short range of activities, they will fall 

into the zone of the same bad weather condition, respectively, the probability of 

stalling control will be one-sided. 

Since events such as the UAV stability control and losing this control are 

mutually exclusive, then: 

 

poi=1-PBW M 

 

If N UAVs are involved in the search territory problem, then if UAVs detect 

objects independently of each other, the trajectories of the survey intersect, 

duplication of data is not eliminated, the effectiveness of objects search process 

for UAVs will be: 

 

ZOS =(1/S)·Σ∆S·(1-(1-p)k) 

 

where ∆S – the area surveyed by one UAV at a single moment of time. So, the 

formulas above can be used to plan the object search. 
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When searching for an object according to the optimal plan, the distance 

between the UAVs during the search process should be at least half of the 

target detection range [Корольов & Огурцов, 2017]: 

 

B=Σdi+2L 

 

where B is the width of the observation area, di – the distance between the 

UAVs during the search process, L – the maximum target range. The sum is 

counting according to the number of UAVs.  

Observance of the distance value between the UAV group members by the 

formula above prevents the object from being skipped without re-registering the 

image of the surface. The given dependencies allow us to obtain initial 

conditions and parameters for the meaningful statement of the combinatorial 

optimization problem. The listed approaches to the search organization did not 

include the use of a group of UAVs integrated into the network to perform 

search operations [Корольов et al, 2017], [Поліновський et al, 2017]. 

 

The problem of a given territory general study 

According to the problem terms, we have a certain territory, the area of which 

must be fully investigated to identify possible objects of interest. In this case, the 

territory may include predefined points of special interest that must necessarily 

be visited. Another priority when performing this problem is to cover given 

territory with existing UAVs as much as possible during a given time (or in the 

case of enough UAVs – fully research the entire territory with minimal fuel/time 

consumption). 

For the successful performance of the tasks UAVs facing, it is necessary to 

solve the optimization problem of constructing routes with and without 

autonomous movement. During the territory study, it can be divided into smaller 

areas, taking into account the technical capabilities of the UAV equipment, 

which, for example, will correspond to the viewing angle of video recording 
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equipment. In this case, some such problems can be reduced to building routes 

along with the points of centers of these smaller areas. 

The problem of optimizing routes for UAV groups (without autonomous 

movement). According to the problem conditions, it is necessary to construct 

routes to each of the objects to be visited during the task execution, with a 

minimum travel time to the destinations and the minimum number of UAVs 

needed to complete the task (see image 1). 

 

 

Img. 1 Example of route construction for two UAVs without autonomous 
movement 

 

At the same time, each UAV is constantly under the direct control of the 

operator, and the UAV flew out and land at a place that we will call the depot.  

Let’s formalize the problem. 

Incoming data. 

• Maximum transmission range of the control signal; 

• UAVs maximum number; 

UAV1 
UAV2 
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• coordinates of objects to visit; 

• edge coordinates of territory to explore; 

• depot coordinates; 

• maximum range of UAV flight. 

Output. 

The route of each UAV with topographical binding, the route of the UAV is laid 

out in real coordinates and can be displayed on the area map. 

Optimization Criteria. 

• Minimization of the UAV routes total length; 

• Minimization of the UAVs total number. 

Routes optimization problem for UAV groups (with autonomous movement). 

Under the conditions of this problem, it is necessary to build routes to visit the 

objects (from the problem conditions) with the total minimum length of these 

routes, the minimum number of UAVs necessary for the task completion, and to 

determine the minimal time of autonomous movement (see image 2). 

 

 

Img. 2 Example of route construction for two UAVs with autonomous movement 

UAV1 
UAV 2 
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The autonomous movement refers to the UAV movement without the direct 

remote real-time control by the operator (movement on autopilot), following the 

predetermined flight plan. 

The test area can be expanded by relaying a control signal using the UAV as a 

repeater. 

Points of special interest, highlighted in image 2 with red color, are outside the 

UAV control radius and should be visited on autopilot. 

Input data. Input data for the route optimization problem for UAV groups with 

autonomous movement: 

• UAVs number; 

• coordinates of objects to visit; 

• depot coordinates; 

• coordinates of the ground control points (operators); 

• maximum range of UAV flight. 

• UAV launch intervals and the number of UAVs, able to be in the air 

simultaneously (as supported by the control station); 

• time of the UAV preparation for flight; 

• bandwidth of the UAV relay equipment; 

• minimum required channel bandwidth; 

• maximum allowable delay for the control signal; 

• the reach radius of the control signal from the ground control points. 

The coordinates of the ground control points are needed to determine the 

maximum possible range of the UAV direct control (without signal retranslation). 

The UAV maximum flight range is determined by its technical characteristics 

(without taking into account the ability to control the UAV at such a distance). 
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Problem parameters. 

• the maximum number of allowed retranslations; 

• Frequency of UAV polls. 

Criteria. 

• minimizing sum length of UAV routes; 

• minimizing the number of UAVs needed to complete the task; 

• minimization of the number of control signals retranslations; 

• minimizing the time spent outside the direct control zone; 

• maximizing the amount of information being transmitted. 

Output. 

The route of each UAV with topographical binding, the route of the UAV is laid 

out in real coordinates and can be displayed on the area map. 

When solving these problems three-dimensional (or, for calculations 

simplification, two-dimensional) coordinate grid is used. 

 

Mathematical model 

This routing problem relates to combinatorial type optimization problems that 

can be presented using a special graph [Корольов & Огурцов, 2017]. There 

are a set of points Ve to visit to avoid the refounding objects and reaching the 

target areas, there is a set of (depot) points Vd from which UAVs can be 

launched, as well as a set of points Vr where they can return. 

Thus, based on these sets, a planar graph may be placed onto the map. 

Let's introduce the following legend. 

G(V,E) – graph of the problem, where, V=Ve U Vd U Vr and E is the set of graph 

edges; 
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C – matrix of integral distances (path values) Cij between points vi, vj belong to 

V; 

m – number of UAVs; 

Ri – the route of the i-th UAV (i=1, …, m); 

R – a set of routes Ri (i=1…m); 

C(Ri) – the cost of the route Ri (i=1, …, m); 

K(v) – the weight of each vertex v that belongs to Ve, which determines the 

importance of its attendance; 

qi – the movement resource of the UAV i (i=1, …, m). 

Each point (graph vertex of the problem G) vi is given by coordinates (xi, yi). 

The routing problem consists in determining a set of m routes with a minimum 

total cost so that each vertex of the Ve subset is visited by only one UAV at least 

once. Also, the routes must begin at the vertices of the subset Vd and end at 

any point in the subset of Vr. 

The target function in the general case is the cost of the solution of the problem: 

 

FVRP=(ΣK(vi))/ΣC(Ri) 

 

where K(vi) is the weight of the vertices vi – part of the route Ri, i = 1, ..., m; 

C(Ri) – the sum of the lengths of the route Ri paths, i = 1, ..., m. 

In other words, it is necessary to find a valid solution with the maximum value of 

the target function on the formula above. 

 

Conclusions and Prospects for Further Research 

As a result of the performed works, further development of the routing problem 

meaningful statement for the UAV radio network with and without 

retransmission of control signals from the ground control center and the 
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possibility of the UAV autonomous movement on the part of the route has been 

completed. 

The general formulation of the target search problem in the area was given. An 

analysis of how to evaluate the quality of the search and what is the criteria for 

its effectiveness was conducted. 

The formal statement of the UAV routing problem is presented, which deals with 

the stages of the operation planning and visiting the set targets by UAVs at the 

same time. 

A mathematical model of a given problem has been built. Combinatorial 

optimization algorithms for this prblem can become the basis for solving a 

number of complex technical problems: increasing the technical (minimizing the 

territory exploring time) plus economic indicators (minimizing the UAVs amount) 

while using UAVs groups. 

Implementation and practical use of the results obtained will allow us to 

increase the effectiveness of individual and group use of UAVs while performing 

different operations types and increase the maximum possible distance of UAV 

control by using relays. 

 

Main directions of possible further research: 

• development of combinatorial optimization algorithms for this problem; 

• problems of the tasks formalization and routes optimization of a UAVs 

group, combined within a secure network, using the aircraft carrier; 

• integral solving of the routing problem with minimization of necessary 

relays as an additional parameter. 
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ISOMORPHISM OF PREDICATE FORMULAS AS THE BASE OF LOGIC
ONTOLOGY CONSTRUCTION

Tatiana Kosovskaya

Abstract: The paper describes an approach to the formation of logic ontology based on descriptions of objects
in terms of the predicate calculus language. The main tool for creating such a description is an extraction of an
elementary conjunction of predicate formula literals that is isomorphic to subformulas of some given formulas. The
definition of an isomorphism of elementary conjunctions of atomic predicate formulas is given. The method of
ontology construction is formulated. An illustrative example of such a construction and expansion of ontology is
presented.

Keywords: Logic ontology, isomorphism of predicate formulas.

ITHEA Keywords: G.2. Mathematics of Computing, Discrete mathematics.

Introduction

In philosophy, ontology is understood as abstraction, taking into account some properties of objects (or relations of
parts of these objects) and ignoring others.
For mathematicians, an ontology is a oriented graph in which every node contains a set of objects having the same
properties (or the same relations between parts of these objects). Moreover, all objects located at the end of the
edge have the properties inherent in the objects at the beginning of the edge.
Construction of an ontology of an object domain is one of the directions for representing knowledge for its use in
Artificial Intelligence systems.
If an object is represented as a set of its elements that have given properties and are connected with given relations,
then the description of the object can be given by a predicates calculus formula.
To extract from a set of objects a subset with elements having common properties, a construction of a level
description of the initial set of objects was proposed in Kosovskaya, [2008]. The main tool for creating such a
description is an extraction of such an elementary conjunction of literals of predicate formulas that is isomorphic to
subformulas of some initial formulas Kosovskaya, [2014]. In the present work, it is proposed to use the ideas of such
a construction for the formation of an ontology.

Isomorphism of predicate formulas

The basis of further presentation is the concept of isomorphism of predicate formulas. Here is a definition of this
concept.
Definition. Two elementary conjunctions of atomic predicate formulas P (a1, . . . , am) and Q(b1, . . . , bm)
are called isomorphic if there exists such an elementary conjunction R(x1, . . . , xm) and substitutions of
arguments ai1 , . . . , aim and bj1 , . . . , bjm of formulas P (a1, . . . , am) and Q(b1, . . . , bm), respectively,
instead of all occurrences of the variables x1, . . . , xm of the formula R(x1, . . . , xm), that the results of
these substitutions R(ai1 , . . . , aim) and R(bj1 , . . . , bjm) coincide with the formulas P (a1, . . . , am) and
Q(b1, . . . , bm), respectively, up to the order of literals.
The recieved substitutions (a1 → xi1 , . . . , am → xim) and (b1 → xj1 , . . . , bm → xjm) are called unifiers of
the formulas P (a1, . . . , am) and Q(b1, . . . , bm) with the formula R(x1, . . . , xm).
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Note that the arguments of elementary conjunctions P (a1, . . . , am) and Q(b1, . . . , bm) may be either object
variables or object constants. In addition, the notion of isomorphism of elementary conjunctions of atomic predicate
formulas differs from the notion of these formulas equivalence, since they may have significantly different arguments.
In fact, for isomorphic formulas there are such permutations of their arguments, that they define the same relation
between their arguments.
It was proved in Kosovskaya, Kosovskii [2019] that the predicate formula isomorphism problem is polynomially
equivalent to the graph isomorphism problem, which is a so called “open” problem, about which neither its belonging
to the class P nor its NP-completeness has been proved. So, the predicate formula isomorphism problem is GI-
complete.
In the further presentation, to construct an ontology, it will be necessary to extract a maximal subformula isomorphic
two given elementary conjunctions.
Definition. An elementary conjunction is called a maximal formula isomorphic to subformulas of two given elementary
conjunctions if it is isomorphic to some subformulas of these formulas, but after adding any literal to it, it is not
isomorphic to any subformula of at least one of the given formulas.
Example of a maximal formula isomorphic to subformulas of two given elementary conjunctions.
Let

P (a, b, c) = p1(a, b) & ¬p1(a, c) & p2(b, c, a),

Q(a, b, c) = p1(b, a) & ¬p1(a, c) & p2(a, c, b).

These elementary conjunctions have a common subformula with one literal

R1(a, c) = ¬p1(a, c)

and a subformula with two literals

R2(x, y) = p1(x, y) & p2(y, c, x),

which is isimorphic to subformulas of formulas P (a, b, c) and Q(a, b, c) because

P (a, b, c) = R(a, b) & p1(a, c),

Q(a, b, c) = R(b, a) & p1(a, c).

Adding the literal ¬p1(x, z) to the formulaR(x, y) turns it into a formula which is isomorphic to P (a, b, c), but not
isomorphic to the formula Q(a, b, c). Adding the literal ¬p1(y, z) to it turns it into a formula which is isomorphic to
Q(a, b, c), but not isomorphic to the formula P (a, b, c).
Thus, both the literal ¬p1(x, z) and the elementary conjunction R(x, y) = p1(x, y) & p2(y, c, x) are maximal
formulas isomorphic to the subformulas of the formulas P (a, b, c) and Q(a, b, c).

An algorithm for checking the isomorphism of formulas, which has an exponential computational complexity, as
well as an approximate polynomial algorithm for solving this problem is in Kosovskaya, Petrov [2017]. Note that,
in contrast to the problem of checking formulas for isomorphism, the problem of extracting of maximal subformulas
isomorphic to each other from two given elementary conjunctions is NP-hard.

Problem of constructing a logical ontology setting

Let a set of objects Ω be given. Every object ω from Ω is represented as a set of its elements ω = {ω1, . . . , ωt}.
A set of predicates p1, . . . , pn, which characterize properties of elements of ω and relations between them, is
defined on ω.
If all predicates p1, . . . , pn are binary then the logical description S(ω) of an object ω is a conjunction of all literals
true on ω.
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Note that the predicates p1, . . . , pn may not necessarily be binary. They can be finite-valued (defining the property
of a numerical feature of an object to be in a given interval or, for example, the color of an object’s element) or even
infinite-valued (defining, for example, length, weight, etc.). A multi-valued n-ary predicate qn with values from the
set Dq can be interpreted as a n + 1-ary predicate qn+1, defined as qn+1(x; y) ⇔ qn(x) = y1 and where
variables from the string x are variables for the names of elements of the object itself, and the variable y is a
variable for numbers from Dq . In fact, this means that among the arguments of the predicate there are not only
variables for the names of the elements of the object ω or these names themselves, but also numerical arguments.
We will call such predicates and numerical arguments quantitative.
To distinguish the variables for the names of the elements of the object ω or the names themselves from the names
of numeric arguments, when writing the notation of the formula, we will write P (x; a1; . . . ; am), where x is the
argument list for the names of the elements of the object, a1; . . . ; am are the lists of quantitative arguments.
A logical description S(Ω) of the set Ω is the set of all descriptions S(ω) for ω ∈ Ω

S(Ω) = {S(ω) : ω ∈ Ω}.

Note that the set of formulas defining the description S(Ω) is divided into classes of equivalence with respect to the
isomorphism of formulas. Therefore, we can assume that only nonisomorphic formulas, in which only variables are
used as arguments, are presented in S(Ω)2.
Subsets Ω1, . . . ,Ωm (possibly intersecting) of the set Ω are pointed out.3.
Definition.
The greatest common property of elements from the set Ω is the formula with the largest number of literals for which
each description of an object from Ω has an isomorphic subformula.
It is required to construct an oriented graph whose indegree node is labeled by the set Ω and corresponds to the
set of non-isomorphic formulas, each of which is isomorphic to some descriptions of objects from Ω.
If there are edges from the node labeled by the set Ωk to the nodes labeled by the sets Ωk1 , . . . ,Ωkr , then
1. Ωk = ∪ri=1Ωki ;
2. for each i = 1, . . . , r, each formula in the description of objects from Ωki is isomorphic to one of the formulas
from the descriptio of Ωk, i.e. objects from Ωki have all the properties common to some objects from Ωk;
3. if i 6= j, then the greatest common properties of elements from Ωki and Ωkj are different.

Logic ontology construction

If descriptions of S(Ω) contain binary predicates, then each literal with such a predicate divides Ω into two disjoint
subsets. The greatest common properties of these subsets (excluding literals with quantitative predicates) can be
the same or different.
If the number of binary predicates is r , then Ω is divided into 2r subsets. To avoid such a large number of subsets,
the following procedure can be applied.
We single out the largest general properties of objects, taking into account only binary predicates. An algorithm
for such an extraction is presented in Kosovskaya, [2014]. If some of the greatest common property is satisfied by
elements from only one selected set, then we combine these properties.
We proceed to the analysis of the quantitative properties of objects. In the description of each of the selected
subsets Ω1, . . . ,Ωm of the set Ω we find the greatest common property of its elements P1(x1), . . . , Pm(xm)
and sort them by the number of arguments (numerical variables) in decreasing order Pk1(xk1), . . . , Pkm(xkm) .

1Hereinafter, x denotes a list of elements of the finite set x.
2Sometimes it is useful to highlight some values of quantitative constants and leave them as quantitative arguments.
3These subsets correspond to some well-known properties of objects that will be present in the ontology. The problem in which such

subsets are to be extracted is not considered in this paper.
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For i = 1, . . . ,m we perform the following actions.
1. Among formulas Pki+1

(xki+1
), . . . , Pkm(xkm) we find the formulas with the least number of arguments

obtained from Pki(xki) by identifying the numerical arguments.
2. The node marked Ωki we connect by oriented edges with the nodes corresponding to the found formulas.
When adding another subset of Ω̃ to the selected subsets, we find the greatest common property of its elements
P̃ (x˜)). We determine its place among Pk1(xk1), . . . , Pkm(xkm), assign it the corresponding number i0 and
increase per unit indices of formula numbers with i ≥ i0. We getPk1(xk1), . . . , Pki0 (xki0 ), . . . , Pkm+1(xkm+1).
Then we perform 1, 2 for i = i0.

Illustrative example: ontology of quadrangles

Consider the set of quadrangles. Each object (quadrangle) is defined by a sequence of four different names of its
tops connected to each other in a cycle. So, for example, the same quadrangle can be given as (A,B,C,D), or
(B,C,D,A), or (C,D,A,B) , or (D,A,B,C).
Each object is characterized by the lengths of its sides and the values of its internal angles. In this regard, we
introduce predicates

length(x, y; l)⇔ “the length of the side xy is l”,
angle(x; a)⇔ “the internal angle at the top x is a”.

For the convenience of further exposition, we will use the usual notations: |xy| = l and ∠x = a. Here x and y
are object arguments, l and a are quantitative arguments.
In addition, each object satisfies two conditions
– all angles are not equal to π (which excludes triangles with a dot on one side and segments with two points on it);
– the sum of all internal angles is 2π (which excludes the intersection of sides that do not have common ends).
Let the sample contains quadrangles of the type shown in Figure 1.
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Figure 1. Quadrangles in the sample.

Since in our sample there are not only convex quadrangles, then one more predicate should be introduced
W (x, y, z, w)⇔ “one of the corners of the quadrangle (x, y, z, w) is straight.”

This predicate allows, at the first step, to divide the set of quadrangles into convex and not convex ones, since the
former have a literal of the form ¬W (x, y, z, w), and the latter have a literal of the form W (x, y, z, w).
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Quadrangles
�� �����)�� ��Convex quadrangles

PPPq�� ��Non-convex quadrangles

Figure 2. The beginning of ontology construction.

In this example, we will not further consider the set of non-convex quadrangles. In the set of convex quadrangles, all
descriptions contain the literal ¬W (x, y, z, w), so we will not take it into account for further ontology construction.
In general, the description of a convex quadrangle in the selected signature has the form of not more than 212

formulas, each of which is a description of a certain set of quadrangles

Q(x, y, z, w; l1, l2, l3, l4; a, b, c, d) =
|xy| = l1 & |yz| = l2 & |zw| = l3 & |wx| = l4 &

∠x = a& ∠y = b& ∠z = c& ∠w = d

with possible restrictions (equal or not equal) on the lengths l1, l2, l3, l4 and values of angles a, b, c, d.
The number of numerical variables included in this description is NQ = 8.
All parallelograms have descriptions of the form

P (x, y, z, w; l1, l2; a) = Q(x, y, z, w; l1, l2, l1, l2; a, π − a, a, π − a) =
|xy| = l1 & |yz| = l2 & |zw| = l1 & |wx| = l2 & ∠x = a& ∠y = π − a& ∠z = a& ∠w = π − a

with l2 = l1 or l2 6= l1.
The number of numerical variables included in this description is NP = 3.
For rectangles we have

R(x, y, z, w; l1, l2; ) = Q(x, y, z, w; l1, l2, l1, l2;
π
2 ,

π
2 ,

π
2 ,

π
2 ) =

|xy| = l1 & |yz| = l2 & |zw| = l1 & |wx| = l2 & ∠x = π
2 & ∠y = π

2 & ∠z = π
2 & ∠w = π

2

with l2 = l1 or l2 6= l1.
The number of numerical variables included in this description is NR = 2.
For squares we have

S(x, y, z, w; l; ) = Q(x, y, z, w; l, l, l, l; π2 ,
π
2 ,

π
2 ,

π
2 ) =

|xy| = l & |yz| = l & |zw| = l &|wx| = l & ∠x = π
2 & ∠y = π

2 & ∠z = π
2 & ∠w = π

2 .

The number of numerical variables included in this description is NS = 1.
For rhombus we have

Rh(x, y, z, w; l; a) = Q(x, y, z, w; l, l, l, l; a, π − a, a, π − a) =
|xy| = l & |yz| = l & |zw| = l & |wx| = l & ∠x = a& ∠y = π − a& ∠z = a& ∠w = π − a.

with a = b or a 6= b.
The number of numerical variables included in this description is NRh = 2.
For trapezoid we have

T (x, y, z, w; l1, l2, l3, l4; a, b) = Q(x, y, z, w; l1, l2, l3, l4; a, π − a, b, π − b) =
|xy| = l1 & |yz| = l2 & |zw| = l3 & |wx| = l4 & ∠x = a& ∠y = π − a& ∠z = b& ∠w = π − b
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with a 6= b and l2 6= l4 and (all the rest pairs of li, lj may be equal or distinct).
The number of numerical variables included in this description is NT = 6.
For isosceles trapezoid we have

TI(x, y, z, w; l1, l2, l3; a) = Q(x, y, z, w; l1, l2, l1, l3; a, π − a, π − a, a) =
|xy| = l1 & |yz| = l2 & |zw| = l1 & |wx| = l3 & ∠x = a& ∠y = π − a& ∠z = π − a& ∠w = a

with l2 = l1 6= l3 or l3 = l1 6= l2 or l2 6= l1 and l3 6= l1.
The number of numerical variables included in this description is NTI = 4.
Order the formulas defining the specified classes of objects, in decreasing order of the number of quantitative
variables.

Object Number of quantitative
variables in description

Trapezoid 6
Isosceles trapezoid 4
Parallelogram 3
Rhombus 2
Rectangle 2
Square 1

The largest number of quantitative variables (6) is in the description of the trapezoid. Among the formulas that
define a trapezoid, there are formulas that define an isosceles trapezoid. Among the formulas defining an isosceles
trapezoid, there are no formulas defining any other objects. Therefore, we have a part of the ontology presented in
Figure 3a.

Convex quadrangles
�� �����)�� ��Trapezoids

?�� ��Isosceles trapezoids

Figure 3a. Construction of ontology.

The largest number of quantitative variables (3) among the remaining descriptions of objects is in the parallelogram
description. Among the formulas defining a parallelogram, there are formulas defining a rhombus and a rectangle
(with the number of quantitative variables 2). Therefore, we have a part of the ontology presented in Figure 3b.

Convex quadrangles
�� �����)�� ��Trapezoids

?�� ��Isosceles trapezoids

PPPq�� ��Parallelograms
�

�	
@
@R�� ��Rhombus

�� ��Rectangles

Figure 3b. Construction of ontology.
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The sets of formulas defining the Rhombus and Rectangle have a common subset defining the Square (with the
number of quantitative variables 1). Therefore, we have the ontology presented in Figure 3c.

Convex quadrangles
�� �����)�� ��Trapezoids

?�� ��Isosceles trapezoids

PPPq�� ��Parallelograms
�

�	
@
@R�� ��Rhombuses

�� ��Rectangles
@
@R

�
�	�� ��Squares

Figure 3c. Construction of ontology.

It should be noted that there is another interesting set of quadrangles, the descriptions of which form a set of
formulas that are isomorphic to each other and do not coincide with any of the above. Typical representative of
deltoids is shown in Figure 4.

H�

A
A

�
�

Figure 4. Deltoid.

Descriptions of these objects are isomorphic to formulas

F (x, y, z, w; l1, l2; a, b, c) = Q(x, y, z, w; l1, l2, l2, l1; a, b, c, a) =
|xy| = l1 & |yz| = l2 & |zw| = l2 & |wx| = l1 & ∠x = a& ∠y = b& ∠z = c& ∠w = a

with l1 = l2 and l1 6= l2 (and as a consequence with a = c and a 6= c, respectively).
The number of numerical variables included in this description is NF = 5.
In the deltoid, the number of quantitative variables is 4. Therefore, in ontology, this set of quadrangles is formed
after the set of trapezoids. In addition, if l1 = l2, then not only a = c, but also a = c = pi − b. Therefore, a
rhombus is a special case of a deltoid. Therefore, we have the ontology presented in Fig. 5.

Convex quadrangles
�� �����)

PPPq?�� ��Trapezoids

?�� ��Isosceles trapezoids

�� ��Parallelograms
�

�	
@
@R�� ��Rhombuses

�� ��Rectangles
@
@R

�
�	�� ��Squares

Deltoids
�� ��HHH

HHj

Figure 5. Extension of ontology.
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Conclusion

The most interesting case of ontology construction is that some classes of objects which may be included in the
ontology are not known in advance. In this case, it is required to extract such sets. If all predicates of the chosen
signature are binary, then we can use the algorithm for constructing a level description of many objects Kosovskaya,
[2014, 2018]. In fact, such a description is an ontology. However, in the presence of quantitative features of the
object, the direct application of the algorithm for constructing a level description of many objects causes difficulties.
One of the areas of further research may be the development of algorithms for constructing a logical ontology for a
set of objects, described, in particular, by quantitative features, for which subsets are not known that can serve as
the basis for a “reasonable” classification of objects.
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DIGITAL ANALYSIS OF GENETIC PROXIMITY OF THE BALKAN 

POPULATION  

Georgi Gachev, Jordan Tabov 

 

Abstract: According to EUPEDIA the 12 basic haplogroups specific to the 

European population are:  

I1 I2*/I2a   I2b   R1a   R1b   G J2 J*/J1 E1b1b T Q N 

Among the Bulgarians their distribution in percentage is:  

4          20      2        17     11       5       11          3            23.5        1.5    0.5    0.5 

Thus, it may be said that “the average Bulgarian” has “compound haplogroup” 

which consists of weighted partial inclusion of all basic haplogroups. Most 

common haplogroups for Bulgarian population are: E1b1b, I2*/I2a, R1a, R1b 

and J2.  

Tabov and Koleva proposed a method for comparing “genetic closeness“ between the 

nations: Each nation is presented as a point in 12-dimensional Euclidean space  

Analysis of the "genetic" distances between the regional population groups of 

Europe makes it possible to associate these groups in "genetically close" 

clusters. One such cluster is the "Balkan".  

From our analysis we conclude that the countries in the Balkan cluster are 

genetically closer to each other than all European countries among themselves. 

In fact the average distance in the Balkan cluster is 23 which is twice less than 

the average e-distance of 46 among European countries; and e.g. the e-genetic 

distance between North and South Germany is 21.  Our results suggest also a 

comparison of the “genetic proximity” of the Balkan nations among themselves. 

Keywords: haplogroups, European population, genetic distance, cluster 

analysis, Balkan population, genetic center   
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Introduction 

The DNA analysis is a well-established scientific method that is increasingly 

used in practice. One of its popular applications is to resolve complicated family 

cases where the paternity is uncertain. Recently, the attention of both the 

general public and professionals has been focused on its use to study the 

genetic relations and origins of people and to classify people according to their 

genes and origins.  

Most often the results of such a comparative analysis are presented in the form 

of a “tree diagram” similar to the family trees (Error! Reference source not 

found.), or as planar points, grouped “by adjacency” (Error! Reference source 

not found.), or in tabular form with percentage data of the predominant 

haplogroups (Error! Reference source not found.). 

 

 

Figure 1. Part of the "Genetic Family Tree" of nations as result of a genetic 

research [Arnaiz-Villena et al., 2003]. 
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Figure 2. Grouping of people represented as points in the plane, according to 

their genetic adjacency [Arnaiz-Villena et al., 2003]. 

 

 

 

From the numerous publications in this field let us mention [Nazarova, 2009]   

[Balanovsky, 2012], [E., 2018], [Tabov & Sabeva-Koleva, 2018] [Chiaroni, 

Underhill, & Cavalli-Sforza, 2012] [Delev, 2018], [Eupedia, 2018], [Wikipedia, 

2018a], [Chiaroni, Underhill, & Cavalli-Sforza, 2012], [FamilyTreeDNA, 2018], 

[Karmin, 2015], [Karlsson, Wallerström, Götherström, & Holmlund, 2006], 

[Wikipedia, 2018b] , [Trombetta B, 2011].  
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Figure 3. Table presenting the content (in %) of twelve Y-DNA haplogoups 

typical for the respective European region [Tabov & Sabeva-Koleva, 2018] the 

data is from EUPEDIA project [Eupedia 2018]. 

 

Haplogroups of European nations  

According to EUPEDIA the 12 basic haplogroups specific to the European 
population are:  

I1 I2*/I2a   I2b   R1a   R1b   G J2 J*/J1 E1b1b T Q N 

Among the Bulgarians their distribution in percentage is (Eupedia, 2018):  

4          20      2        17     11       5       11          3            23.5        1.5    0.5    0.5 

Thus, it may be said that “the average Bulgarian” has “compound haplogroup” 

which consists of weighted partial inclusion of all basic haplogroups. Most 

common haplogroups for Bulgarian population are: E1b1b, I2*/I2a, R1a, R1b 

and J2. For Serbia the corresponding percentages are:  

8,5       33    0,5       16      8        2        8         0,5            18            1     1,5     2 
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These complex data show that the problem of genetic relation among nations is 

more complicated than the same problem but for individuals.  

Genetic Distance  

Tabov and Koleva (2018) propose a method for comparing “genetic closeness“ 

between the nations: Each nation is presented as a point in 12-dimensional 

Euclidean space.  Percentage content of each haplogroup specific to the nation 

is one of the 12 coordinates of that point. The distance between the points is 

defined as genetic distance:   

 

                                                    
  

   

 (1) 

 

This definition is European specific: for population in which the sum of these 

12 Y-chromosome haplogroups is less than 95%, we obtain greater deviations 

compared to the values of most Y- chromosome haplogroups, therefore when 

we apply this definition for genetic distance we ignore them.  

The genetic distances between European nations, calculated by formula (1), 

further will be called "e-genetic" (i.e. European genetic). 

Two-dimensional visualization of genetic distances for four countries is not 

always appropriate. The reason is that the respective four points may not be in 

the same plane so the planar projection could be skewed. This may lead to 

speculations when such results are interpreted and discussed – see Error! 

Reference source not found. and Error! Reference source not found..  

Although the points of Bulgaria, Macedonia, Greece and Serbia are almost in 

the same plane so the planar view is acceptable approximation. The projection 

is shown in Figure 4. 
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Figure 4. Visualization of genetic similarity of (Bulgaria, Macedonia, Serbia and 

Greece).  

Diffuse distribution of the "European genes"  

In the paper [Tabov & Sabeva-Koleva, 2018],  the following hypothesis was 

offered:   

Hypothesis: The change of ratio of haplogroups in Europe is a diffusion type 

process: it may be conjectured that the main part of this process has been 

played by “exchange of haplogroups” between neighboring nations. Most 

probably large scale migration has played less influence in this process. The 

results we are going to present below provide further arguments and 

clarification of this hypothesis. 

In support of this hypothesis the following arguments are used in [Tabov et al., 

2019]: 

1-  Genetic-geographical correlation: The first argument is connected to the 

correlation when “genetic distance” is compared to “geographical distance”. 

Since such a correlation exists this leads to the conclusion for significant 

diffusion type exchange of genes.  Indeed, for all 38 European nations (we 

exclude small ones by territory and population) the correlation has coefficient of 

0.61.     
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2- The second argument supporting the diffusion type distribution of male genes 

in Europe is the qualitative distribution (in percentages) of each of the 12 

European haplogroups.  

E.g. the percentages of haplogroup I2*/I2a are higher in Bosnia and 

Herzegovina; they are significant in neighboring countries – Serbia, Croatia, 

Montenegro, Rumania, Slovenia, Bulgaria and Moldova; they are to be found in 

most countries, neighbors of the above – Hungary, Slovakia, Ukraine, Belarus, 

Greece [Wikipedia 2018a].  

Cluster analysis of e-genetic distances between the European people 

Analysis of the "e-genetic" distances between the regional population groups of 

Europe makes it possible to associate these groups in "genetically close" 

clusters. One such cluster is the "Balkan", formed by the peoples of the 

following 8 Balkan countries: Bosnia-Herzegovina, Bulgaria, Croatia, Greece, 

Macedonia, Montenegro, Romania and Serbia; the table of the e-genetic 

distances between them is presented in Figure 5.  
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Bosnia-Herzegovina 39 22 53 37 32 33 25 

Bulgaria   24 18 6 15 11 16 

Croatia     38 23 25 16 13 

Greece       17 27 22 31 

Macedonia         13 9 15 

Montenegro           17 13 

Romania             12 

Figure 5. Table of e-genetic distances between 8 Balkan countries: Bosnia-

Herzegovina, Bulgaria, Croatia, Greece, Macedonia, Montenegro, Romania and 

Serbia.  
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Specific aspect of Slovenia and Albania  

Analysis of the data for another two Balkan countries, Slovenia and Albania, 

shows that:  

1 Slovenia is closer to another cluster of countries to which belong 

Slovakia and Ukraine. The e-genetic distances from Slovenia to Slovakia and 

Ukraine are respectively 8 and 14, which for example is less than the distances 

to Bulgaria – 31 and Greece - 40. 

2 The result for Albania calculated by formula (1) is not reliable as the 

sum of percentages of all 12 European haplogroups is about 92%; therefore 

Albania is not included in the table in Figure 4. To have better approximation 

and improved view of Albania the “13th coordinate” is introduced. These are 

missed percentage values to sum of 100%. Thus for each country is added 13th 

“haplogroup” of unknown type just to fill the gap. Also this extends the formula 

(1) with another, 13th coordinate; the distance modified this way will be called b-

genetic (i.e. Balkan genetic) distance.  

Thus, the countries in the Balkan cluster become 9: Albania, Bosnia-

Herzegovina, Bulgaria, Croatia, Greece, Macedonia, Montenegro, Romania and 

Serbia; the table of the b-genetic distances between countries in the cluster is 

presented in Figure 6. 

"Genetic Center" of the Balkan population  

Virtual "genetic center" could be defined for the 9 countries from the "Balkan 

genetic cluster". This “genetic center” is geometric median of the cluster points, 

i.e the point which minimizes the sum of distances to all other 9 points 

representing corresponding countries. The B-genetic distance of a country to 

the “genetic center” characterizes its stronger or weaker belonging to the 

cluster.  

The table with these b-genetic distances to the Balkan Genetic Center and b-

genetic distances between the countries is presented in Figure 7. 
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Albania 51 18 38 13 16 23 23 30 

Bosnia-

Herzegovina 
 39 22 53 37 32 33 25 

Bulgaria   24 18 6 15 11 16 

Croatia    38 23 25 16 13 

Greece     17 27 22 31 

Macedonia      13 9 15 

Montenegro       17 14 

Romania        12 

 

Figure 6. Table of the b-genetic distances between countries in the Balkan 

cluster: Albania, Bosnia-Herzegovina, Bulgaria, Croatia, Greece, Macedonia, 

Montenegro, Romania and Serbia  
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Balkans genetic 

Center 
21 31 9 18 22 6 11 6 9 

Albania  51 18 38 13 16 23 23 30 

Bosnia-

Herzegovina 
  39 22 53 37 32 33 25 

Bulgaria    24 18 6 15 11 16 

Croatia     38 23 25 16 13 

Greece      17 27 22 31 

Macedonia       13 9 15 

Montenegro        17 14 

Romania         12 

Figure 7. Table of the b-genetic distances between 9 Balkan countries: Albania, Bosnia-Herzegovina, 

Bulgaria, Croatia, Greece, Macedonia, Montenegro, Romania and Serbia and their b-genetic distances to 

the “Balkan genetic center”.  
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The table in Figure 7 shows that closest countries to the Balkan Genetic Center 

are: Macedonia, Romania, Bulgaria and Serbia (with b-genetic distances to it, 

respectively 6, 6, 9, 9). Of these four, Bulgaria and Serbia are adjacent to each 

of the other two - Macedonia and Romania. It may be said that the population of 

these four countries together form the "closest b-genetic neighborhood" of the 

Balkan Genetic Center. 

 

Conclusion 

From the above analysis we may conclude that the countries in the Balkan 

cluster are genetically closer to each other than all European countries among 

themselves. In fact the average distance in the Balkan cluster is 23 which is 

twice less than the average e-distance of 46 among European countries; and 

e.g. the e-genetic distance between North and South Germany is 21.  

The tight genetic relations are possible motivation for further improvement of the 

collaboration on the Balkans. The increasing of the number and the 

development of new genetic research methods will allow for more accurate 

comparisons and conclusions. 
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Appendix 

 

Percentage of the quantity of haplogroups measured up to 20.11.2018 in 

population of 39 European nations/countries [Eupedia 2018]: 

 

 I1 
I2*/ 

I2a 
I2b R1a R1b G J2 J*/J1 E1b1b T Q N 

Albania 2 12 1.5 9 16 1.5 19.5 2 27.5 1 0 0 

Austria 12 7 2.5 19 32 7.5 9 1 8 1 0.5 0.5 

Belarus 5.5 17.5 1 51 5.5 1.5 2.5 1 4 0 0 10 

Belgium 12 3 4.5 4 61 4 4 1 5 1 0.5 0 

Bosnia-

Herzegovina 
3 55.5 0 15 3.5 1.5 4 0.5 12 1 2 2 

Bulgaria 4 20 2 17 11 5 11 3 23.5 1.5 0.5 0.5 

Croatia 5.5 37 1 24 8.5 2.5 6 1 10 0.5 1 0.5 

Czech 

Republic 
11 9 4 34 22 5 6 0 6 1 1.5 0.5 



International Journal “Information Theories and Applications”, Vol. 27, Number 3, © 2020 

 

268 

 I1 
I2*/ 

I2a 
I2b R1a R1b G J2 J*/J1 E1b1b T Q N 

Denmark 34 2 5.5 15 33 2.5 3 0 2.5 0 1 1 

England 14 2.5 4.5 4.5 67 1.5 3.5 0 2 0.5 0.5 0 

Estonia 15 3 0.5 32 8 0 1 0 2.5 3.5 0.5 34 

Finland 28 0 0.5 5 3.5 0 0 0 0.5 0 0 61.5 

France 8.5 3 3.5 3 58.5 5.5 6 1.5 7.5 1 0.5 0 

Germany 16 1.5 4.5 16 44.5 5 4.5 0 5.5 1 0.5 1 

Greece 3.5 9.5 1.5 11.5 15.5 6.5 23 3 21 4.5 0 0 

Hungary 8.5 16 2 29.5 18.5 3.5 6.5 3 8 0 0 0.5 

Iceland 29 0 4 23 42 0 0 0 0 0 1 1 

Ireland 6 1 5 2.5 81 1 1 0 2 0 0 0 

Italy 4.5 3 2.5 4 39 9 15.5 3 13.5 2.5 0 0 

Latvia 6 1 1 40 12 0 0.5 0 0.5 0.5 0.5 38 

http://www.eupedia.com/genetics/italian_dna.shtml#frequency
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 I1 
I2*/ 

I2a 
I2b R1a R1b G J2 J*/J1 E1b1b T Q N 

Lithuania 6 6 1 38 5 0 0 0 1 0.5 0.5 42 

Macedonia 3 23 1.5 13.5 12.5 4 14 2 21.5 1.5 0.5 0.5 

Malta 1 10 1 3.5 32.5 6.5 21 8 9 4.5 1 0 

Moldova 5 21 3 30.5 16 1 4 4 13 1 0 1.5 

Montenegro 6 29.5 1.5 7.5 9.5 2.5 9 0.5 27 0 2 1.5 

Netherlands 16.5 1 6.5 4 49 4.5 3.5 0.5 3.5 1 0 0 

Norway 31.5 0 4.5 25.5 32 1 0.5 0 1 0 1 2.5 

Poland 8.5 5.5 2 57.5 12.5 1.5 2.5 0 3.5 0.5 0.5 4 

Portugal 2 1.5 3 1.5 56 6.5 9.5 3 14 2.5 0.5 0 

Romania 4.5 26 2.5 17.5 12 5 13.5 1.5 15 0.5 0.5 0.5 

Russia 5 10.5 0 46 6 1 3 0 2.5 1.5 1.5 23 

Serbia 8.5 33 0.5 16 8 2 8 0.5 18 1 1.5 2 



International Journal “Information Theories and Applications”, Vol. 27, Number 3, © 2020 

 

270 

 I1 
I2*/ 

I2a 
I2b R1a R1b G J2 J*/J1 E1b1b T Q N 

Slovakia 6.5 16 1.5 41.5 14.5 4 2 1 6.5 0.5 0.5 3 

Slovenia 9 20.5 1.5 38 18 1.5 2.5 0 5 1 0 0 

Spain 1.5 4.5 1 2 69 3 8 1.5 7 2.5 0 0 

Sweden 37 1.5 3.5 16 21.5 1 2.5 0 3 0 2.5 7 

Switzerland 14 1.5 8 3.5 50 7.5 3 0.5 7.5 0.5 1.5 1 
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DIDACTICAL MAPPING IN TOPIC-ORIENTED 

DIDACTICAL UNITS 

Borislav Yordanov Lazarov 

 

Abstract: Didactic map is analogue to concept map when an educational 

process is under consideration. Two quantitative characteristics of a didactical 

map are introduced: weight and distance. These characteristics are used to 

evaluate the ‘didactic price’ of didactical map modifications. A complex structure 

of the map links is proposed aiming to perform a more coherent image of the 

connections between the entities of the map. The implementation of such 

complex structure in a topic-oriented didactical unit potentially facilitates the 

execution of a particular integrated didactic scenario. The theoretical frame is 

operationalized by a sample instruction for didactical map design. The scope of 

the study includes the innovative schools in Bulgaria, which are adopting 

integrated approach as an upgrade of the compulsory subject-oriented 

curricula. 

Keywords: didactic map weight, didactic map distance, integrated approach, 
processing matrix, topic-oriented education. 

ITHEA Keywords: K.3 COMPUTERS AND EDUCATION 

Introduction 

The new Bulgarian legislation provides the innovative schools to arrange 

partially the school plan with introducing didactical approaches to ensure an 

effective teaching-learning process [MON, 2015]. Among them are project-

oriented initiatives for upgrading the subject-oriented curricula through topic-

oriented didactic scenarios in which the integrated approach is crucial [Lazarov, 

2018]. The integrated approach supposes that any included subject in a topic-

oriented didactical unit (TODU) comes with its own methodology and the 

subject teachers prepare the separate parts of the TODU scenario at their own 

discretion, having in mind some specific educational goals. Development of a 

http://idr.ithea.org/tiki-browse_categories.php?parentId=336&type=&deep=off
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concept map materially facilitates the analytical constituents of the ingredients 

of the topic under consideration [Giouvanakis et al., 2016]. Routine procedures 

are usually applied at this stage, though rethought in a new context. But at the 

synthesis level, in most cases, there are certain problems with the multifaceted 

presentation of the topic. Then it is necessary to concert the concepts and to 

merge analytical conceptual maps. Such a technical procedure has its "didactic 

price", which will be discussed below. 

Theoretical Base 

The concept map matrix shown in Figure 1 (based on [Kitano et al., 2008]) 

represents a modification of the concept map key introduced by Novak and 

Gowin [1984].  

 

Figure 1. Concept map matrix 

 

Here the concepts are accommodated in several hierarchic levels and a 

concept of higher level correlates with some concepts of lower levels (higher 

means smaller level number). The relationships between the concepts can be of 

two types: links (straight arrows in the figure) or crosslinks (broken arrows). The 

score of this particular map is calculated as  

                      

This score corresponds to 11 links       , 4 levels      , 2 crosslinks        

and 2 examples       [Kitano et al., 2008]. The values of the entities are 

commensurate with that of one link. In our opinion, the scoring formula is 
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incomplete. It does not take into account the role of the concepts themselves. 

Simply expanding the formula with the addend (number-times-value) does not 

read the contribution of concepts from given level to the complexity of the map. 

The value 10 for a crosslink is also overestimated.  

The relationships in Figure 1 constitutes an ontology and the classical 

Aristoteles’ genus-species hierarchy is easily recognizable in it. An similarity 

index could be appropriated to any two concepts in such an ontology 

[Giouvanakis et al., 2016]. The authors give the definition via an example: 

 

Figure 2. Ontology graph-tree  

 

Following the notations in Figure 2, let: 

―    be the number of the links from the concepts    to the common 

concept   ;  

―    be the number of the links from    to   ;  

―    be the number of the links from    to the genus concept   .  

The similarity index for the concepts    and    is defined by the formula  
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About the Integrated Approach in Secondary School 

Our standing point on the implementation of integrated approaches in 

secondary school is described more comprehensive in [Lazarov, 2018]. The 

fundamental idea is to amalgamate two (or more) methodical units from 

different subjects in one common methodical unit keeping the relative 

independence of any subject methodic. We speak for relatively independent 

inclusion of the methodic because the analytical knowledge developed by any 

methodic is expected to be synthesized in the frame of the common unit. The 

synthesis supposes transferability and multifunktionality of the complex 

knowledge-skills-attitude (KSA) into another context that differs from the ones, 

in which the analytical KSAs were developed. So, a kind of synchronization of 

the subject methodic should be orchestrated. 

The processing matrix is a didactical tool that makes the implementation of the 

integrated approach via TODU more technological. It includes: 

(1) definitions of the objectives, indicators of progress and benchmarks; 

(2) selection of educational content to be examined;  

(3) schedule and methodic for didactical support of the students; 

(4) methodic for data collecting and processing the data collected;  

(5) template for presenting information and frame for presentation design; 

(6) assessment system; 

(7) resources provided to the students and organizing a school conference; 

(8) analysis of the outcomes of the initiative and drawing conclusions.  

The processing matrix allows reconsidering the KSA developed in the traditional 

curriculum topics through the perspective of their potential application in a new 

context. Its proper design allows obtaining synergetic effect from the TODU, i.e. 

the resulting effect of the integrated teaching-learning process to exceed the 

effect of the expected one of any subject if it acts separately [ibid.]. But 

amalgamating methodic of different curriculum subjects is tricky business and 

some antinomies arise especially in points (2), (3) and (6) of the processing 

matrix.  Resolving them could help a proper concept mapping. 



International Journal “Information Theories and Applications”, Vol. 27, Number 3, © 2020 

 

277 

Tuning the Concept Map Matrix 

Basically, the structure of the concept map matrix in Figure 1 could be applied 

to a TODU for simple synchronization of concepts. However, a teaching 

methodic operates with more complex entities and relations than subject 

concepts and links between them. This is why we are going to conform the 

general concept map matrix to the purposes of the integrated approach. We call 

didactical map (DM) an analogue of the concept map for TODU with the 

modifications as follow.   

First, we count the levels down up, i.e. the DM is supposed to be designed from 

the bottom to the top (bigger level number means higher level as in Figure 3). 

Next, let us define the nodes of the DM as atoms, which stands for ‘atomic 

didactical components of the subject methodic’. An atom could be a theorem, 

ethic category, historical fact etc. We call beams the edges of the concept map. 

This is to emphasize the multicomponent type of the relations between the 

atoms. The reformulation is not just a technical act but also a meaningful 

reconsideration of the didactical process of concept mapping. E.g. a beam that 

links the atoms (Hristo Botev) [TheFamousPeople, 2019] and (Bulgarian 

National Revival) in a DM could contain the knowledge in different levels about: 

the role of the hero in several stages of the revolutionary movement, some 

momentous of the historical period, his education etc. Any beam component 

reflects some specifics of the educational context in which the particular TODU 

takes place. In a DM, a beam can be either direct (d-beam), or crossing (c-

beam).  

In this connection, let us list several areas from a topic-oriented process of 

education in which the didactical mapping is potentially useful. It: 

― illustrates the hierarchy and relationships between different elements of a 

topic; 

― facilitates the perception and memorization of key elements (bases and 

beams) as fewer characters achieve greater information saturation; 

― allows easy modification and restructuring in already constructed map 

fragments; 
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― allows for ideas to be shared, formalized quickly and accurately, and 

correctly displayed when preparing documentation; 

― helps to clarify the logical consistency of presentation in the separate 

elements; 

― allows evaluating more precisely the complexity of a topic, to define its 

complex structure, to decompose separate elements. 

Developing the Theory 

We are going to make more technological the advantages listed in section 4 by 

introducing two quantitative attributes related to the new atom-beam structure of 

the concept map matrix: distance and weight. We consider the educational 

objectives of a TODU in relation with some components of a synthetic 

competence that is developed via integrated approach [Lazarov, 2013]. Thus, 

the attributes of a beam should reflect the observed indicators for progress of 

these components of the synthetic competence. E.g. let the qualitative 

indicators    be the attributes of a d-beam,          . Let us assign the 

benchmark    to    for the transition from the origin atom to the beam-connected 

one. We take the value      
 
    as a quantitative measure of the transition 

calling it beam-value. We take the beam-value instead of the corresponding link 

from the definition of the similarity index    .  When stating the indicators, it is 

important to consider the direction of the educational process. This means that 

any indicator reflects some elements of the progress in the transition from an 

atom to the succeeding one, thus the beams should be thought as vectors.  

Distance in DM  

We are going to invert the ontological similarity taking into account the structure 

of the concept map matrix in Figure 1 but with down up counting of the levels. 

Let     and     be two atoms in the first (bottom) level both connected with an 

atom    (it could be also    or    ) and having a genus root   (it could be   ); let 

  be the level number of   and let    and     equal the sums of the beam-values 

  for the beams connecting    with    and     respectively.  

I. Suppose the DM is an ontology graph-tree, i.e. there are no c-beams. In this 

case, we define ontological distance as:    
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Indeed, the values of     are fractions (decimals) between 0 and 1, which 

makes difficult to feel the similarity. On the contrary, the ontological distance 

shows quite clear the relation between atoms. Here it is a kind of motivation to 

introduce the concept of ontological distance:    

- the root   (the topic under consideration) is in the area of knowledge for which 

the concept map is intended; 

- a hierarchical chain of atoms, which are common for    and    , is formed up 

from    to  ; 

- down the atom    there is a split into two different subject branches, 

hierarchically arranged to any of the atoms    and    ; 

- the farther away    and     are from   , the larger the distance; 

- the higher the root   in the map, the shorter the distance.  

The consideration is that a long distance reflects some differences in 

fundamental details of the atoms and vice versa – small distance means 

conceptual proximity. Another feature of   is its root sensitivity. This means that 

    
       changes when taking the genus root   in different levels of the map. 

Figuratively, the distance decreases when upgrading the ontological tree "up". 

Let us clarify this by an example. Consider    stands for ‘pekinese’,     stands 

for ‘bulldog’. Now taking       to be ‘dogs’     
       seems to be large, but 

taking   to be ‘pets’ (keeping    for ‘dogs’) the distance become smaller. 

Mathematically, larger level of the genus root increases the denominator of  , 

hence diminish the fraction. Didactically, it is crucial for the effectiveness of a 

teaching-learning the atoms of the educational process to be immersed in a 

deeper origin.     

II. Now suppose that there are c-beams in the DM. The ontological distance in 

the case “there exists a c-beam between    and     with the beam-value   ” we 

define as 
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III. In both cases I and II, if    and     are in different levels, we consider   as 

the relative level with respect to the lowest one among the levels of    and    . 

The ontological distance could be extended on cases that are more 

sophisticated. For instance, when “   and     are indirectly connected with c-

beams” or “   and     are indirectly connected with c-beams and d-beams”. In 

these cases, one should combine the ideas in stating     
       in the two basic 

cases of DM presented in this section. 

Weight of DM  

We follow the Novak and Govin's ideas for the score of a concept map outlined 

above by modifying the algebraic sum. We will form the characteristic weight of 

the DM by considering levels, bases and beams with specific coefficients that 

depend on the structure of the respective component. 

Let us evaluate the level structure of a graph-tree. In binary branching, each 

level doubles the number of atoms in the above level. If there is an atom in the 

top level then there are two atoms in the level below, four atoms in the level, 

which is two levels below and so on. The total number of atoms in the DM of a 

binary-graph-tree type with   levels equals     . Thus the weight of the map 

receives         points from the level-map-characteristic. We adopt this 

simplest binary structure as a medium model. Indeed, the graph-trees that are 

more sophisticated could have different type branching in any particular knot, 

e.g., single or triple, which in average give binary branching.   

An atom   participates with an individual coefficient   . Suppose there are    

elements of already studied material and    elements new material, which 

should be studied. The material of the atom-structure could be of rather different 

type: experimental work, learning a poem by heart, drawing a figure etc. We 

assume that the points, which this particular atom contributes to the map weight 

are           in total. Motivation: In an atom, the usage of concepts 

requires an appropriate time resource and complicates the synthesis in the 
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same time. Moreover, introduction of a new concept requires additional 

technological time for operationalization.    

A beam   will contribute its beam-value    to the map weight. Here we make no 

formal difference between d-beams and c-beams. However, the complexity of 

the beam could be taken into account by stating the benchmarks   .  

Thus, we define weight   of a DM having   atoms and   beams as   

       

 

   

    

 

   

  

Weight is a measure of the permissibility of a particular didactic scheme 

described by the DM. It is clear that when considering the values      , some 

interdependence and overlap are allowed. For example, concepts at one atom 

affect the indicators of both the incoming beam and the outgoing one. We do 

not consider this as a drawback, but rather as a collateral feature of the 

integrated approach. 

Editing DM  

A need for editing could appear when two independently designed DM are 

formally combined into one.  E.g., if the total weight is too big or appear too long 

distances. The following operations are possible: 

― adding an atom; 

― removing an atom; 

― replacement of an atom; 

― adding a beam; 

― removing a beam; 

― adding an attribute to a beam; 

― removing an attribute from a beam. 

Any of these operations has a didactic price. It can reflect directly the 

corresponding action, but it can also take into account factors, which are 

determined by the educational context. The price can be in the direction of gain 

(usually associated with weight or distance reduction) or loss (increase in 

performance values). 
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Sample Didactical Mapping Technology for TODU 

DM structurizes the didactic process: the hierarchy of concepts is clarified, and 

hence the order of their introduction; links are clarified, cross-domain links are 

rethought. The technology of DM design could be as follows: 

1) a team of teachers (usually two subject teachers and a coordinator, 

preferably an ICT teacher) traces the topic for integrated consideration; 

2) the subject teachers independently highlight the topic from their 

methodology, any one separately clarifies the educational goal and 

indicators of progress; 

3) the subject teachers prepare a preliminary list of atoms, taking into 

account the concepts learned, the already developed students’ 

knowledge and skills, as well as the need of introducing new concepts, 

building additional skills, forming the positive attitude; 

4) atoms are ranked in levels, only d-beams are defined; 

5) the subject teachers design concept maps independently of each other, 

where the topic is at the top; 

6) the team jointly draws up a DM, uniting and editing the two DMs into one; 

7) the weight of the DM is calculated and, if necessary, ways of reducing it 

are sought; 

8) when drawing up the DM, the distance between the atoms is taken into 

account and, if appropriate, the DM is edited, possibly by adding c-

beams. 

Example 

In this section, we present the didactical mapping in a TODU that could be titled 

‘Hristo Botev – translator and propagandist’ (it was dedicated to the 140th 

anniversary of the Bulgarian hero Hristo Botev) in the experimental classes on 

mathematics at the 125th Secondary School – Sofia. Botev cannot be fully 

studied in neither history nor literature, since Hristo Botev's multifaceted 

appearances does not fall within the narrow scope of any particular school 

subject. Figure 3 gives us an idea of Botev's hypostases. The left branch of 

Botev’s subtree is subject of history, the right branch is studied in literature 
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school course. (The examples in the rectangles on the bottom of this DM could 

be different and they do not form a separate level in the DM.)   

The activities of the translator and the propagandist do not easily fit together, 

insofar as the translators are tasked with retelling some source, and the mission 

of the propagandists is to persuade through (their own) ideas. Thus, there is no 

place in the presented DM for a little known side in Botev's activity: the 

translation of the textbook "Lessons for the first four arithmetic rules" by 

Mikhailov (a detailed review of this translation was made in [Penkov and 

Chobanov, 1958]). Here, Botev's genius manages to synthesize a brilliant 

translation with propaganda, which gave us a reason to organize a 

corresponding TODU devoted to the celebration of his anniversary.         

 

Figure 3. Ontology graph-tree of Botev's hypostases 

 

Let us calculate the ontological distance between the atoms    (publicist) and     

(poet) taking     for all beams (a motivation for this value is given in the next 

paragraph). We have   (Botev),   (Bulgarian National Liberation Movement),   

                 Thus     
       

     

  
  . Let us note that if extract the 

branch ‘Botev’ from the Bulgarian-National-Liberation-Movement didactic map 

as an autonomous DM for which      (hence    ), then the distance 

increases:              
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Another (third) hypostasis, namely ‘Hristo Botev – translator and propagandist’, 

cannot be find under the atom    (Botev) in Figure 3. It needs two new atoms to 

be added: (translator) in level III and (mathematician) in level IV. The transition 

(translator) → (mathematician) requires studying a fragment of Botev’s 

biography by Zahariy Stoyanov [1888]. The bottom row of this branch will be 

supplemented by the example [Lessons for the first four arithmetic rules]-

rectangle. Let us consider the beam from the atom (translator) to the atom 

(mathematician) with attributes (indicators) Ik ,          , as follows: I1 – 

knowledge, I2 – skills, I3 – attitude, I4 – transferability of KSA, I5 – 

multifunctionality of KSA. Let the benchmark of any indicator takes value from 

the set        . We state:       (fundamental knowledge in Bulgarian history 

for that period);      (basic math skills);      (moderate positive attitude); 

     (no requirements);      (basic). Thus    .  

The introduction of the new atoms allows the atoms (revolutionary) and 

(enlightener) to be connected in a natural way through intersecting beams with 

beam-values     . Taking the genus root (Bulgarian National Liberation 

Movement), the distance in the chain  

{(publicist) 
  
  (mathematician) 

  
  (poet)} 

calculated via c-beams equals  
  

 
 

  

 
 

 

 
 

 

 
    . Comparing with the 

distance     
        , which we obtained above, this is twice less. Such 

shortage of the distance could be done with a minimal didactic price: 

preparatory independent work for the students to study the text [Stoyanov, 

1888], one additional lesson as well as monitoring the transferability and 

multifunctionality of the knowledge. In the Appendix, we give the test-item from 

the term test that checks these transferability and multifunctionality.  

The shortage of the distance     
       derives increasing the DM weight. 

Suppose the weight of the DM in Figure 3 is   (it could vary depending on the 

structure of the level III). Let    be the weight of the new DM, which 

supplements the initial one with the branch  

{(Botev) 
  
  (translator) 

  
  (mathematician)} 
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and the c-beams that were defined above. Thus 

        

 

   

    

 

   

       

Skipping the motivation, here      stands for the atom (translator),      

stands for the atom (mathematician). We take         analogously to the 

calculated above beam-values for     . Fortunately, the increase of the weight 

does not affect the didactic price in this particular case. 

Conclusions 

The didactical mapping we presented is still a theoretical model in an 

experimental phase. We tried to recruit some teachers for implementing the 

didactic map in their pedagogical practice but we met their tacit resistance. 

Such attitude is understandable on this stage of our research. However, our 

plans include elaborating map-shell that automatically calculates the weight and 

the ontological distance when stating the benchmark values. In our opinion, the 

technology and the model for didactical mapping could help in deeper 

reconsideration of didactic process of integrated approach in topic-oriented 

educational units.  

The positive results reported in [Giouvanakis et al., 2016] encourage us to 

develop more TODU that integrate different school subjects, providing a priory 

calculated quantitative characteristics of the particular TODU. Further 

clarifications of the parameters are expected to be done by taking into account 

the educational context in which the teachers are going to implement the 

integrated approach.   
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Appendix 

Item 10 from the term test. Hristo Botev is the author of the following problem: 

‘Assen and Peter liberated Bulgaria from the yoke of the Greeks in 1190. After 

206 years, Bulgaria fell under Turkish rule. In what year did our country lose its 

freedom?’ 

Write down the years in which the Bulgarian kingdoms fell under Turkish 

slavery, and the names of the respective Bulgarian rulers in which this occurred. 

The Kingdom of Tarnovo:  

Year ............ King ................................. ........................................ 

Kingdom of Vidin:  

Year ............ King ................................. ........................................ 

Which kingdom does Botev have in mind? ........................... 

Answers. Tarnovo Kingdom: 1393 Tsar Ivan Shishman. Kingdom of Vidin: year 

1396 Tsar Ivan Sratsimir. Botev refers to the kingdom of Vidin. 
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ANALYSIS OF APPROACHES FOR EFFECTIVE APPLICATIONS 

DEVELOPMENT IN MONOLITH, SERVICE-ORIENTED AND 

MICROSERVICE ARCHITECTURE 

Yurii Milovidov  

 

Abstract: The paper presents the features of the using the microservice architecture in the 

development process. The advantages of this approach are illustrated in comparison with the 

traditional monolithic approach. The connection between the use of the microservice architecture 

and the ability of the team to work within agile development methodologies is shown. Creating a 

new product is often a risk. And choosing the right architecture is an essential step toward 

success. If you’re considering between a monolithic, service-oriented and microservice 

architecture, this paper will help you make the right choice. 

Key words: Service Oriented Architecture, microservices, microservice 

architecture, efficient development, agile methodologies, Quality of Service. 

ITHEA keywords: D.2 Software engineering, D.2.1 Requirement/Spesification, 

D.2.13 Reusable Software. 

Introduction 

Software architecture modeling is an important part of the development 

process. The choice of a specific architectural solution depends on many 

factors, in particular, the purpose of the system being developed. Despite the 

variety of approaches to the architecture of applications, in the framework of 

modern projects that need easy scalability, lately, microservices have been 

preferred [Shadija D.  Rezai M. Hill R.]. 

The term Microservice Architecture describes a software development 

technology in which an application is a collection of loosely coupled services. 

Services are built around business logic and are independently deployable. 

Each service works in its own process and interacts with other services using 

lightweight mechanisms, such as, for example, HTTP. Moreover, the 

development of each service can be carried out independently of the others. 

This allows you to organize the development process flexibly and distributed. 

https://ieeexplore.ieee.org/author/37086240952
https://ieeexplore.ieee.org/author/37086244265
https://ieeexplore.ieee.org/author/37086245106


International Journal “Information Theories and Applications”, Vol. 27, Number 3, © 2020 

 

289 

The main goal of this paper is to determine and describe the conditions 

necessary for the implementation of effective development based on 

microservice architecture.  

Theoretical foundations 

Service-Oriented Architecture (SOA) is a software architecture where 

functionality is grouped around business processes and packaged as 

interoperable services. SOA also describes IT infrastructure which allows 

different applications to exchange data with one another by passing data from 

one service to another as they participate in business processes. The aim is a 

loose coupling of services with operating systems, programming languages and 

other technologies which underlie applications. SOA separates functions into 

distinct units, or services, which are made accessible over a network in order 

that they can be combined and reused in the production of business 

applications.  

The microservices approach has become a trend in recent years. Microservices 

have become the software architecture of choice for business applications. 

Initially originated at Netflix and Amazon, they result from the need to partition, 

both, software development teams and executing components, to, respectively, 

foster agile development and horizontal scalability.  

The concept of monolithic software lies in different components of an 

application being combined into a single program on a single platform. Usually, 

a monolithic app consists of a database, client-side user interface, and server-

side application. All the software’s parts are unified and all its functions are 

managed in one place. A monolithic architecture is comfortable for small teams. 

Сomponents of monolithic software are interconnected and interdependent, 

which helps the software be self-contained. This architecture is a traditional 

solution for building applications. 

Related works 

Interoperability Constraints in Service Selection Algorithms [Kaczmarek P.]  

Tasks:  Existing methods and algorithms of service selection focus on the 

formal model of the complex service refraining from interoperability issues that 

may affect the integration process as services are deployed in heterogeneous 

runtime environments.  Service integration in SOA requires resolution of 

interoperability issues. 
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Approaches for solving task: Alternative services realizing the same 

functionality differ in non-functional, Quality of Service (QoS) attributes such as 

performance, reliability and price. It is required that services with optimal QoS 

values are selected, while constraints are satisfied. Considering the problem, 

the author proposes a methodology that includes interoperability analysis in 

service selection algorithms. The data structures of service selection algorithms 

are extended with dedicated constraints that represent interoperability between 

services. 

If QoS constraints are removed from the selection problem, a simplified model 

is created, in which services are selected considering solely the utility function. 

In this paper, interoperability is analyzed on the communication protocol level, 

which corresponds to Level 1 (Connected) in the LISI metric or Level 2 

(Data/Object) in the LCI metric. Was assumed that if services are interoperable 

on that level, it is possible to exchange data between them in the context of CS 

construction. 

The proposed extensions of existing models with interoperability constraints 

enable a possibly straightforward application of existing selection algorithms. 

As a part of the research, was implemented the Work-flow Integrator system 

that enables selection of services during composite service development. The 

aim of the system is to support developers in the selection process depending 

on given requirements on utility function, QoS attributes, and interoperability 

constraints.  

Were used workflow applications as a concrete implementation of the 

composite service concept, which enables us to leverage existing solutions in 

service description and invocation. 

SOAQM: Quality model for SOA applications based on ISO 25010 [Franca J. 

Soares M.]  

This paper addresses one gap in researches about SOA. There is a lack of 

quality models specific for SOA based on most recent ISO 25010. In this paper 

authors propose a quality model for SOA applications based on quality 

attributes proposed in ISO 25010. ISO 25010 is currently the most complete 

version of quality models of ISO. In order to make a proper evaluation of 

software, relevant quality characteristics of a software product have been 

proposed in many quality models, including ISO standards. The task of the 

https://www.researchgate.net/profile/Joyce_Franca?_sg%5B0%5D=XEvA0tsWQoBMl_R_8VsRfJkZg5I5zeKuJ3yL0J_Bj811lM10bsTb9NJnW5DGIKE-EH6ic4k.6gDrrXqI6-myfRof9e2cUTFweH-a1La5e6cFHA4WPfIHcoBZSr_xHumlbZPj67V_kMP8rE6YLgiomXT1cutrLQ&_sg%5B1%5D=_Rc6MPTt_OWZlVTnKhAJ1FOwv5tca5e-i7VgmszrF9qDsP_bDbQZTcGWf95j1Dydju9x-6I.qlfiw44xBAMRZs83bWqOsaYUCUwe6vYM6Sl933xvWIr-Kdo-kfyqauuELiykgzzYSt_mhLayFj9yrilCToqKng
https://www.researchgate.net/profile/Michel_Soares?_sg%5B0%5D=XEvA0tsWQoBMl_R_8VsRfJkZg5I5zeKuJ3yL0J_Bj811lM10bsTb9NJnW5DGIKE-EH6ic4k.6gDrrXqI6-myfRof9e2cUTFweH-a1La5e6cFHA4WPfIHcoBZSr_xHumlbZPj67V_kMP8rE6YLgiomXT1cutrLQ&_sg%5B1%5D=_Rc6MPTt_OWZlVTnKhAJ1FOwv5tca5e-i7VgmszrF9qDsP_bDbQZTcGWf95j1Dydju9x-6I.qlfiw44xBAMRZs83bWqOsaYUCUwe6vYM6Sl933xvWIr-Kdo-kfyqauuELiykgzzYSt_mhLayFj9yrilCToqKng
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paper is to analyze which important contributions were aggregated into the new 

ISO 25010 regarding SOA applications. In addition, this analysis aims to 

determine if limitations perceived in ISO 9126 were solved in the most recent 

ISO 25010. Another proposal of this paper is to investigate the applicability of 

ISO 25010 to SOA applications. 

Approaches for solving task: 

All characteristics and sub-characteristics proposed by ISO 25010 were 

analyzed regarding the real applicability to SOA. Accordingly, authors establish 

for each characteristics the degree of applicability to SOA. The next step of this 

analysis is to define how these characteristics can be adapted to the SOA 

context. 

Was proposed a degree of importance that defines which characteristics are 

more relevant during the SOA application development process. Seven 

volunteers answered a questionnaire to define the degree of importance. The 

answer varies from 1 to 5 following the Likert Scale. Was created a Table that 

presents the results of the analysis of ISO 25010 characteristics and their 

applicability to SOA projects. First two columns show characteristics and sub-

characteristics proposed by ISO 25010. Third column presents the degree of 

importance of each sub-characteristic with relation to the SOA context. 

Highlighted sub-characteristics in green are important or very important quality 

attributes for SOA applications. Sub-characteristics highlighted in yellow are not 

so important. Quality sub-characteristics considered less important or even 

irrelevant to SOA applications and therefore were highlighted in red. Finally, the 

last column presents the likely reasons that justifies the results. 

All quality attributes proposed by ISO 25010were analyzed in this research from 

the SOA perspective using both experts opinion and literature review. As a 

result, most of quality attributes proposed by ISO 25010 may be applicable for 

SOA.  On the other hand, ISO 25010 has a generic nature and therefore some 

quality attributes proposed do not apply to SOA domain. 

Service Consumer Framework -  Managing Service Evolution from a Consumer  

[Feuerlicht G. Tran H.] 

In this paper, was described initial proposal for Service Consumer Framework 

that attempts to address this problem by providing resilience to changes in 

external services as these services are evolved or become temporarily 
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unavailable. Service evolution has been the subject of recent research interest, 

however the focus of these efforts has been mainly on developing 

methodologies and tools that help service providers to manage service 

evolution. There is a pressing need to develop consumer-side methodologies 

and tools to address these issues from a service consumer perspective. 

Approaches for solving task 

Was described a proposal for a Service Consumer Framework (SCF) that 

attempts to address this problem by providing resilience for client applications to 

changes in external services as these are evolved or become temporarily 

unavailable. The SCF framework uses a combination of service adaptors and a 

service router to protect client applications from external changes. Evolution of 

services is supported by using service adaptors that transform service request 

and response messages between internal and external services. Service router 

determines which external services are evoked at runtime, based on their 

availability and pre-defined processing rules stored in the Service Repository.  

The SFC Framework is illustrated in Figure 1 and consists of three layers: 

Process Layer, Adaptor Layer and Service Layer. The Service Layer 

incorporates both internal and external services and defines their native 

interfaces.  

 

Figure 1. Service Consumer Framework 

The Adaptor Layer contains adaptors that translate requests between the native 

services (e.g. PayPal payment service) and the corresponding internal services. 

The Process Layer defines processes that are implemented using the service 

router and processing rules stored in the service repository.Service router 

determines at runtime, which services are evoked based on their availability and 



International Journal “Information Theories and Applications”, Vol. 27, Number 3, © 2020 

 

293 

pre-defined processing rules. Service repository maintains information about 

services allowing substitution of services with equivalent functionality to avoid 

service interruptions. 

From a Monolith to a Microservices Architecture: An Approach Based on 

Transactional Contexts [Nunes L., Santos N., Rito Silva A.] 

Currently, there is a large number of monolith applications that are being 

migrated to a microservices architecture. This article proposes the identification 

of business applications transactional contexts for the design of microservices. 

Therefore, the emphasis is to drive the aggregation of domain entities by the 

transactional contexts where they are executed, instead of by their domain 

structural inter-relationships. Additionally, authors propose a complete workflow 

for the identification of microservices together with a set of tools that assist the 

developers on this process. 

Task 

The purpose of this paper is to, based on a comparative analysis of different 

architectural approaches, determine and describe the conditions necessary for 

effective development on the basis of microservice architecture. 

Research methods 

This section describes the advantages of microservice architecture compared to 

monolithic architectures and describes the proposed principles for organizing 

effective development in the project team developing applications in 

microservice architecture. 

Monolithic architecture 

A monolithic architecture is comfortable for small teams. Сomponents of 

monolithic software are interconnected and interdependent, which helps the 

software be self-contained. This architecture is a traditional solution for building 

applications, but some developers find it outdated. 

Pros of a monolithic architecture: 

― Simpler development and deployment; 

― Fewer cross-cutting concerns; 

― Better performance. 

Cons of a monolithic architecture: 
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― Codebase gets cumbersome over time; 

― Difficult to adopt new technologies; 

― Limited agility. 

SOA 

A service-oriented architecture (SOA) is a software architecture style that refers 

to an application composed of discrete and loosely coupled software agents 

that perform a required function. SOA has two main roles: a service provider 

and a service consumer. Both of these roles can be played by a software agent. 

Pros of SOA 

― Reusability of services; 

― Better maintainability; 

― Higher reliability; 

― Parallel development. 

Cons of SOA 

― Complex management; 

― High investment costs; 

― Extra overload. 

Microservice architecture 

Microservice is a type of service-oriented software architecture that focuses on 

building a series of autonomous components that make up an app. Unlike 

monolithic apps built as a single indivisible unit, microservice apps consist of 

multiple independent components that are glued together with APIs. 

The microservice architectural style  is an approach to developing a single 

application as a suite of small services, each running in its own process and 

communicating with lightweight mechanisms, often an HTTP resource API. 

These services are built around business capabilities and independently 

deployable by fully automated deployment machinery. There is a bare minimum 

of centralized management of these services, which may be written in different 

programming languages and use different data storage technologies.  

To explai the microservice style it's useful to compare it to the monolithic style: a 

monolithic application built as a single unit. Enterprise Applications are often 

built in three main parts: a client-side user interface (consisting of HTML pages 

and javascript running in a browser on the user's machine) a database 
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(consisting of many tables inserted into a common, and usually relational, 

database management system), and a server-side application. The server-side 

application will handle HTTP requests, execute domain logic, retrieve and 

update data from the database, and select and populate HTML views to be sent 

to the browser. This server-side application is a monolith - a single logical 

executable. Any changes to the system involve building and deploying a new 

version of the server-side application. The price of microservices pays off by 

reducing the costs of reducing team productivity while complicating the system. 

This is shown in Figure 2, which is presented in article [Fowler M.]. 

 

Figure 2. Dependence of team productivity from base complexity. 

 

Pros of microservices 

― Easy to develop, test, and deploy. The biggest advantage of 

microservices over other architectures is that small single services can 

be built, tested, and deployed independently. Since a deployment unit is 

small, it facilitates and speeds up development and release. Besides, the 

release of one unit isn’t limited by the release of another unit that isn’t 

finished. And the last plus here is that the risks of deployment are 

reduced as developers deploy parts of the software, not the whole app. 

― Increased agility. With microservices, several teams can work on their 

services independently and quickly. Each individual part of an application 

can be built independently due to the decoupling of microservice 

https://martinfowler.com/
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components. For example, you may have a team of 100 people working 

on the whole app (like in the monolithic approach), or you can have 10 

teams of 10 people developing different services for the app. Increased 

agility allows developers to update system components without bringing 

down the application. 

― Ability to scale horizontally. Vertical scaling (running the same software 

but on bigger machines) can be limited by the capacity of each service. 

But horizontal scaling (creating more services in the same pool) isn’t 

limited and can run dynamically with microservices. Furthermore, 

horizontal scaling can be completely automated. 

Cons of microservices 

― Complexity. The biggest disadvantage of microservices lies in their 

complexity. Splitting an application into independent microservices 

entails more artifacts to manage. This type of architecture requires 

careful planning, enormous effort, team resources, and skills. 

― Security concerns. In a microservices application, each functionality that 

communicates externally via an API increases the chance of attacks. 

These attacks can happen only if proper security measurements aren’t 

implemented when building an app. 

― Different programming languages. The ability to choose different 

programming languages is two sides of the same coin. Using different 

languages make deployment more difficult. In addition, it’s harder to 

switch programmers between development phases when each service is 

written in a different language. 

When using microservices, the role of the project manager comes to the fore, 

since many different teams work on different parts of the application. In order to 

synchronize the work of microcommands and avoid problems, you should hire 

competent project managers. 

Software architect Simon Brown suggested what a flexible software architecture 

would look like [14]. His description of flexible architecture fits quite well on 

microservice architecture. In his opinion, an architecture style built using small 

loosely coupled components (services) that interact with each other to respond 

to a user's request will help provide flexibility. Services can be modified and 

tested in isolation or even torn out and replaced depending on changing 

requirements, new components can be added and scaled, if necessary. 
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According to Agile Manifesto, successful and efficient teams make the 

necessary decisions together, and the recommended team size is at least 3 and 

no more than 9 people. 

In this way, Agile provides support for effective collaborative development in the 

microservice architecture. 

Leading technology organizations such as Amazon, Netflix, and Apple use the 

microservice architecture to provide the flexibility to quickly adapt and respond 

to their customers' requests. 

The figure 3 shows the differences between the three different architectures that 

were discussed above. 

 

Figure 3. The differences between the three different architectures. 

 

Monolithic applications consist of interdependent, indivisible units and feature 

very low development speed. SOA is broken into smaller, moderately coupled 

services, and features slow development. Microservices are very small, loosely 

coupled independent services and feature rapid continuous development. 

Results 

The essence of three different architectural approaches is shown below. 

The monolithic model isn’t outdated, and it still works great in some cases. 

Some giant companies like Etsy stay monolithic despite today’s popularity of 

microservices. Monolithic software architecture can be beneficial if your team is 

at the founding stage, you’re building an unproven product, and you have no 

experience with microservices. Monolithic is perfect for startups that need to get 

a product up and running as soon as possible. 
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The SOA approach is best suited for complex enterprise systems such as those 

for banks. A banking system is extremely hard to break into microservices. But 

a monolithic approach also isn’t good for a banking system as one part could 

hurt the whole app. The best solution is to use the SOA approach and organize 

complex apps into isolated independent services. 

Microservices are good, but not for all types of apps. This pattern works great 

for evolving applications and complex systems. Choose a microservices 

architecture when you have multiple experienced teams and when the app is 

complex enough to break it into services. When an application is large and 

needs to be flexible and scalable, microservices are beneficial. 

Conclusions 

By comparing three different architectural approaches, we can draw the 

following conclusion: 

Choosing the right architecture is a daunting task.  

When developing a software product, you need to seriously approach the 

choice of architectural solution. Microservices seem to be a suitable choice for 

the implementation of large systems involving long-term development. 

However, microservice architecture carries a lot of risks. In this case, the 

success of the project depends largely on the availability of an experienced 

system architect and project manager. 

A team using microservice architecture should be formed on the basis of 

business opportunities. One of the prerequisites for the successful 

implementation of the microservice architecture project is the competence of the 

team. 
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