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Abstract 
   

This article aims to achieve more efficient automated software systems use in the geo-ecological 

monitoring of agro-industrial sector resources. A method of detecting resource-intensive 

inquiries to agricultural resources databases is developed. Self-Organizing Map is used for 

clustering inquiries to databases in the method. Additionally, an algorithm is proposed to 

discover resource-intensive inquiries and the corresponding software.  

The performance evaluation demonstrates that the suggested method considerably increases the 

correctness of detecting resource-intensive inquiries to databases compared to other 
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counterparts. Accordingly, in geo-ecological monitoring of agricultural objects and resources, 

the method is recommended for practical application. 
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Introduction 

 

Geo-ecological monitoring is an integrated system of routine long-term surveillance in time 

and space, assessing and forecasting the natural environment condition under natural and 

man-made factors. This is a routine surveillance system over ecological processes in various 

components of natural objects and technical objects in their interaction process. For 

example: 1) in the process of geo-ecological monitoring; 2) the condition of sedimentary 

rocks; 3) their composition and structure; 4) depth of soils; 5) chemical composition; and 

6) aggressiveness of groundwaters are being monitored (Romanov et al., 2019, Vasilyev et 

al., 2018, Kuzichkin et al., 2020).  

 

Geo-ecological monitoring is of particular importance in the agro-industrial sector, as 

evaluating and forecasting the condition of agricultural lands is performed based on it. Geo-

ecological monitoring of agro-industrial resources requires transmitting, storing, and 

processing large amounts of information (Polshchykov et al., 2021). For this reason, 

automated software systems for geo-ecological monitoring are implemented.  

 

In these systems, the databases are used to store the information of the objectives of 

agricultural resources. To perform needed operations, many users are intensively accessing 

the databases. The quality and promptness of these transactions are adversely affected by 

resource-intensive inquiries incoming to databases. A resource-intensive (problematic) 

inquiry to a database is an inquiry. The server’s processing consumes a prohibitive amount 

of memory resources, disc, a processor and time. (Alghazali et al., 2021). Database 

Administrators (DBA) perform the conversion and search of resource-intensive inquiries. 

 

The DBA specialists access database server software and hardware settings and the 

specialized summarized statistical information about query execution. According to such 

information analysis findings, database administrators correct resource-intensive inquiries 

either manually or by using special software applications – query optimizers. Inquiries to 

databases are formed by special features of SQL (Structured Query Language) (Jang, 2020, 

Wang, Cheungc & Bodik, 2017). The currently used methods of search and identification 
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of problematic inquiries, applied in system utility programs, do not always detect               

resource-intensive SQL operators or can miss some inquiries, categorized as                        

resource-intensive. The circumstances mentioned above obtain the relevance of designing 

new smart tools for the prompt and correct discovery of resource-intensive inquiries to 

agricultural resources databases.  

 

This work aims to develop a method of detecting resource-intensive inquiries to databases 

of agricultural resources. 

 

Main Part 

 

The analysis of scientific and technical literature has demonstrated that to solve the problem 

of detecting resource-intensive inquiries to databases it is advisable to use artificial 

intelligence methods that are successfully applied in various fields (Polshchykov et al., 

2020, Ivaschuk et al., 2016, Polshchykov, Lazarev, & Zdorovtsov, 2017, Konstantinov et 

al., 2017, Polshchykov et al., 2019). Self-Organizing Map (SOM) is one of the neural 

network's types. SOM is characterized by resistance to noisy data, high learning rate, and 

the possibility of multivariable input data approximation by means of visualization (Girau, 

Torres-Huitzil, 2020, Guaman, Delgado, & Perez 2021, Chen, Chang, & Chang, 2018, 

Nguyen, 2019, Pen, Wang, Wang, 2021, Chushig-Muzo et al., 2020, Abarca-Alvarez et al., 

2019, Chang, Wang, & Chang, 2020, Qu, Yang, & Guo, 2021, Alqudah et al., 2018, 

Chamundeswari, Varma, & Satyanarayana, 2018, Galutira, Medina, & Fajardo, 2019). The 

SOM algorithms are successfully used in practice and allow approximating any continuous 

functions. For creating and studying neural self-organizing maps, the Python versions of 

basic and modified SOM algorithms can be used and the TensorFlow open-source software 

library for machine learning. Based on neural network SOM-clustering, a method of 

detecting resource-intensive inquiries has been developed, as described below. 

 

Let M the number of inquiries be incoming to databases. Each inquiry is presented with a 

parameter vector: 

𝑋𝑞 = {𝑥𝑞1, 𝑥𝑞2, … , 𝑥𝑞𝑖, … , 𝑥𝑞𝑛}   (1) 

Where  Xq– parameter vector of inquiry number q, the number of inquiries accepts values. 

 𝑞 = 1,2, … , 𝑀; 

Xqi – parameter number i of inquiry number q. 

n – number (quantity) of parameters in the query vector. 

In a self-organizing map, there are N neurons. Each neuron is presented with a weight 

vector: 

𝑊𝑘 = {𝑤𝑘1, 𝑤𝑘2, … , 𝑤𝑘𝑖, … , 𝑤𝑘𝑛}   (2) 
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Where Wk – weight vector of neuron number k, the number of neurons accepts values. 

Wki – weight number i of neuron number k; 

n – number (quantity) of weight values of the neuron. 

Moreover, this self-organizing map is a trained one. Under query parameters of this or that  

resource-intensiveness class, the weight values of its neurons are set up. 

 

To detect resource-intensive inquiries, it is suggested to calculate the Euclidean distance as 

a proximity measure of parameter vectors of incoming inquiries with weight vectors of each 

neuron in the self-organizing map: 

 

𝑑𝑞𝑘 = √∑ (𝑥𝑞𝑖 − 𝑤𝑘𝑖)
2𝑛

𝑖=1

    (3) 

 

To discover resource-intensive inquiries to databases, a method was developed, which 

involves performing the following main stages: 

1. Input of data about parameter values of inquiries are to be classified in terms of 

resource-intensiveness to the self-organizing network. 

2. Calculation of Euclidean distance between parameter vectors of inquiries and weights 

of each neuron in the self-organizing map; 

3. Searching active neurons with the minimum Euclidean distance between its weight 

values and the inquiry parameter vector’s values; 

4. Searching of the self-organizing map’s clusters, to which the active neurons belong; 

5. Generating conclusions about assigning the incoming inquiries to corresponding 

resource-intensiveness classes; 

6. Output of information about each inquiry (classified as resource-intensive) to the 

database administrator for deciding further actions for correcting (excluding) such 

inquiries. 

 

Figure 1 shows the developed algorithm for detecting resource-intensive inquiries where 

the steps are as follows: 

Step 1. Setting the source of the data: 

• Number of neurons in a self-organizing map; 

• Number of inquiry’s parameters; 

• Number of weight values of neurons; 

• Weight values of each neuron; 

• Values of parameter vectors of inquiries, which are to be classified in terms of their 

resource-intensiveness. 

Step 2. The parameter vector of inquiry number q=1 is selected. 
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Figure 1 Block diagram of an algorithm for detecting resource-intensive inquiries to databases 
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Step 3. A neuron number k=1 of the trained self-organizing map is selected. 

Step 4. For the selected neuron number k of the self-organizing map, a proximity measure 

of its weight vector with the parameter vector of the incoming inquiry is calculated by the 

formula (3). 

Step 5. Increment the selected neuron number. 

Step 6. Check the condition’s fulfillment in below: 

 

𝑘 ≤ 𝑁. (4) 

 

Jump to step 4 if the condition is fulfilled; otherwise, go to step 7. 

Step 7. An active neuron with the minimum value 𝑑𝑞𝑘 is searched. 

Step 8. A cluster, to which the active neuron belongs, is determined. 

Step 9. On the basis of the data about the neuron’s belonging to a certain cluster, a decision 

is made, to which resource-intensiveness class the incoming inquiry should be assigned. 

Step 10. If the inquiry is classified as resource-intensive, it is put into the database of 

resource-intensive inquiries.  

Step 11. Increment the selected neuron number. Then, check the condition’s fulfillment in 

below: 

𝑞 ≤ 𝑁. (5) 

 

Jump to step 3 if the condition is fulfilled; otherwise, go to step 12. 

Step 12. Information about the detected resource-intensive inquiries is presented to the 

DBA administrator to decide further actions for correcting (excluding) such inquiries.  

Algorithm end. 

Using Self Organizing Map (SOM-clustering), the algorithms mentioned above are realized 

in software for clustering SQL inquiries. Using Python language based on tensor 

calculations through the TensorFlow library, The software applications were developed. 

 

The number of inquiries is demonstrated with the conducted analysis. The incomings to 

databases are divided into the following clusters: 

 

• The first– «heavy» resource-intensive inquiries. They are recognized by the heavily 

use of the processors, storage space, system memory, and output channels in the 

execution process. 

• The second– «slow» resource-intensive inquiries. Frequent execution and 

compilation procedures characterize them. 

• The third– spontaneous problematic inquiries. The occasional shortage of temporary 

resources leads to occur this cluster. The shortage is due to peak (maximum) in the 
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servers, network, processors, or resource shortages, appearing in the exacting other 

inquiries process. 

• The fourth– other, not problematic (i.e., not resource-intensive inquiries). 

 

In the developed method course of detecting resource-intensive inquiries was implemented, 

over 500 experiments were carried out to classify different kinds of inquiries. To detect 

resource-intensive inquiries, the determined outcomes were used to calculate the 

correctness indices. 

 

The means of two indicators were used to assess the correctness of detecting inquiries to 

databases: 

 

1. The detection probability. 

2. The error detection probability. 

 

The following expression is used to determine the value of the probability of detection of 

resource-intensive inquiries to databases. 

 

𝑃𝑑𝑒𝑡 =
𝑄𝑑𝑒𝑡

𝑄𝛴  

 (6) 

 

Where 𝑄𝑑𝑒𝑡 and 𝑄𝛴 are the number of the detected and total number of resource-intensive 

inquiries incoming to databases, respectively.  

 

The following formula is used to determine the probability of error detection of resource-

intensive inquiries to databases. 

 

𝑃𝑒𝑟𝑟 =
𝑄𝑒𝑟𝑟

𝑄𝑑𝑒𝑡

 (7) 

 

Where 𝑄𝑒𝑟𝑟 denotes the incoming inquiries to databases. Erroneously, it is categorized as 

resource-intensive. 

 

In detecting resource-intensive inquiries, in the literature, many experiments were conducted. For 

example: (Sharma, Singh, & Singh, 2019, Rahman, 2021) used Oracle Cost-Based Optimizer, 

whereas (Kuhn, Alapati, & Padfield, 2021, Cornejo, 2018) used up-to-date SQL query tuning and 

monitoring applications Tuning Advisor. Table 1 presents the research outcomes. 
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Table 1 Detection correctness outcomes of resource-intensive inquiries to databases 

evaluations 

Applied Software 𝑷𝒅𝒆𝒕 𝑷𝒆𝒓𝒓 

SOM-clustering  0.082 0.951 

Oracle Cost-Based Optimizer 0.102 0.844 

SQL Tuning Advisor 0.094 0.825 

 

The data listed in Table 1 demonstrate the superiority of the suggested (SOM-clustering 

software) algorithm.  

 

Compared to the currently applied SQL-inquiries tuning and optimization applications, the 

algorithm reduced the erroneous detecting probability with (12.20% to 24.39%) and 

increased the detecting probability with (12.68% to 15.27%). 

 

Conclusions 

 

A method of detecting resource-intensive inquiries to agricultural resources databases has 

been developed. To solve this problem, SOM has been used was substantiated based on 

analyzing scientific and technical literature.  

 

The experiments demonstrated the superiority of the suggested (SOM-clustering software) 

algorithm. In comparison with using other similar applications, the algorithm showed a 

considerable reduction in erroneous detecting probability and increasing in detecting 

probability resource-intensive inquiries to databases. Consequently, practically, the 

proposed method is recommended to achieve more efficient automated software systems 

used in the geo-ecological monitoring of agro-industrial sector resources. 
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