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Abstract: In the current investigation, a modifying operator over temporal intuitionistic fuzzy 

index matrices (TIFIM) is presented. Thereafter, an example of autonomous priority-based self-

managing database system using intuitionistic fuzzy logic is developed. The modifying operator 

is implemented for priorities updating. The priorities are changed according to three cases. In the 

first case, the modifying operator increases the degree of membership and decreases the degree 

of non-membership if the record is frequently searched. In the second case, the modifying 

operator decreases the degree of membership and increases the degree of non-membership if the 

record is rarely searched. In the third case, the modifying operator set the record priority to 0,1 

and deleted it the record is not searched more than n days. 

Keywords: Autonomous self-managing database, Dynamic priorities, Temporal intuitionistic 

fuzzy index matrix. 

2020 Mathematics Subject Classification: 03E72. 

mailto:k.t.atanassov@gmail.com
https://orcid.org/0000-0003-4344-4392
https://orcid.org/0000-0001-5625-071X


31 

1 Brief remarks on temporal intuitionistic fuzzy  

index matrices  

The theory of index matrices (IMs) is described in [5]. IMs have assigned indices on the rows 

and on the columns. The values can be real numbers, logical values, intuitionistic fuzzy pairs. 

Intuitionistic fuzzy evaluations are based on the intuitionistic fuzzy sets and can be presented in 

the form of intuitionistic fuzzy pairs [7]. The theory of IFS, operations and operators are 

described in [3, 4]. Therefore, the types of index matrices extensions include intuitionistic fuzzy 

index matrices (IFIM), n-dimensional intuitionistic fuzzy index matrices (n-DIFIM), Index 

matrices with function-type elements (IMFE), temporal intuitionistic fuzzy index matrices 

(TIFIM).  In the current investigation, we will use TIFIMs. Each TIFIM has three dimensions 

assigned with letters K, L and T, where K and L are sets of indices and T is some fixed temporal 

scale. The TIFIM has the following form: 

𝐴(𝑇) = [𝐾, 𝐿, 𝑇, 〈𝜇𝑘𝑖,𝑙𝑗,𝜏, 𝑘𝑖,𝑙𝑗,𝜏〉] 

≡

{
  
 

  
 

 𝑙1 … 𝑙𝑗 … 𝑙𝑛
𝑘1 〈𝜇𝑘1,𝑙1,𝜏,𝑘1,𝑙1,𝜏〉 … 〈𝜇𝑘1,𝑙𝑗,𝜏,𝑘1,𝑙𝑗,𝜏〉 … 〈𝜇𝑘1,𝑙𝑛,𝜏,𝑘1,𝑙𝑛,𝜏〉

⋮ ⋮ ⋱ ⋮ ⋱ ⋮
𝑘𝑖 〈𝜇𝑘𝑖,𝑙1,𝜏,𝑘𝑖,𝑙1,𝜏〉 … 〈𝜇𝑘𝑖,𝑙𝑗,𝜏,𝑘𝑖,𝑙𝑗,𝜏〉 … 〈𝜇𝑘𝑖,𝑙𝑛,𝜏,𝑘𝑖,𝑙𝑛,𝜏〉

⋮ ⋮ ⋱ ⋮ ⋱ ⋮
𝑘𝑚 〈𝜇𝑘𝑚,𝑙1,𝜏,𝑘𝑚,𝑙1,𝜏〉 … 〈𝜇𝑘𝑚,𝑙𝑗,𝜏,𝑘𝑚,𝑙𝑗,𝜏〉 … 〈𝜇𝑘𝑚,𝑙𝑛,𝜏,𝑘𝑚,𝑙𝑛,𝜏〉

|𝑇

}
  
 

  
 

 

 

where  is an element of T, i.e., a time-moment for every 𝜏 ∈ 𝑇 ,1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛: 

𝜇𝑘𝑖,𝑙𝑗,𝜏, 𝑘𝑖,𝑙𝑗,𝜏, 𝜇𝑘𝑖,𝑙𝑗,𝜏 + 𝑘𝑖,𝑙𝑗,𝜏 ∈ [0,1]. 

Let us have the time-moments 1 and 2  such that {1, 2}T  and  let us have the constants  

c, d  [0,1] such that c + d  1. Therefore, we define the following modifying operator for TIFIM:  

M(A(𝑇), c, d)= [𝐾, 𝐿, 𝑇, 〈
𝑘𝑖,𝑙𝑗,𝜏

,𝑘𝑖,𝑙𝑗,𝜏〉], 

where 

〈
𝑘𝑖,𝑙𝑗,𝜏

,𝑘𝑖,𝑙𝑗,𝜏〉 = 

 

=

{
  
 

  
       〈𝜇𝑘𝑖,𝑙𝑗,𝜏 + 𝑐.

1 − 

1
. 𝑘𝑖,𝑙𝑗,𝜏,   𝑑.



1
. 𝑘𝑖,𝑙𝑗,𝜏〉 ,           if 𝑘𝑖𝐾, 𝑙𝑗𝐿, 𝑇 and   1                

           

〈
2 − 

2 − 1
. 𝜇𝑘𝑖,𝑙𝑗,𝜏, 𝑑.

 − 1

2 − 1
. 𝑘𝑖,𝑙𝑗,𝜏〉 ,   if 𝑘𝑖𝐾, 𝑙𝑗𝐿, 𝑇 and 1 <  < 2 

                
                                          0,1,                                             if 𝑘𝑖𝐾, 𝑙𝑗𝐿, 𝑇 and   2                  

                                                                                               

 

 

We can check that 
𝑘𝑖,𝑙𝑗,𝜏

,𝑘𝑖,𝑙𝑗,𝜏, 𝑘𝑖,𝑙𝑗,𝜏
+ 𝑘𝑖,𝑙𝑗,𝜏  [0, 1]. A geometric interpretation is shown 

in Figure 1. 
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Figure 1. Geometric interpretation 

In the current investigation, the searching data frequency is observed. The datasets priorities 

are calculated. Depending on the appropriate time-moments and the searching frequency, the 

database states are updated. The frequency estimation is defined using the notation of 

intuitionistic fuzzy sets. Similar investigation for intuitionistic fuzzy evaluations calculation 

while performing INSERT and UPDATE statements are discussed in [9].  Different approached 

for self-managing systems are also investigated [1, 8, 11, 12, 14–17]. Generalized net models of 

expert systems are constructed and explained in series of papers [2, 6, 10, 13]. In the next section, 

knowledge from the theory of expert systems, the new modifying operator and databases are 

integrated to develop an example for a self-management system. 

2 Autonomous priority-based self-managing database system 

The presented investigation describes an autonomous priority-based self-managing database 

system. The system dynamically adjusts the priority of stored records based on their search 

frequency. It automatically reduces the priority of rarely accessed data, deletes outdated 

information, and reinforces the importance of frequently selected records. Through scheduled 

maintenance and adaptive control functions, the database maintains optimal relevance and 

efficiency without human intervention. The records priorities are presented in the form of 

intuitionistic fuzzy pairs. Therefore, an example of modifying operator over TIFIM is presented. 

The TIFIM is represented as a data table. The database is implemented using the PostgreSQL 

database management system. An array data type is used for the “priority” column. The 

dataItems table’s SQL code is presented in Figure 2. An additional rule to the “priority” column 

is assigned: its values and their sum have to be in the interval [0, 1]. The column last_search 

contains the information for the latest data search. 
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Figure 2. SQL statement for dataItems table 

The records into the dataItems table are inserted. The priority field contains the intuitionistic 

fuzzy pairs. They are calculated according to the records searching frequency. In each time 

moment, the table has a different state depending on the priority field. The values are calculated 

dynamically. The data table is presented in Figure 3.  

 

Figure 3. State of the dataItems table for time moment t 

The first step of the autonomous priority-based self-managing database system development 

is to provide the methodology for priority calculation. It has the following form: 

 If the record is frequently searched, the degree of membership increases and the degree 

of non-membership decreases;  

 If the record is infrequently, rarely searched (between x and y days), the degree of 

membership decreases and the degree of non-membership increases;  

 If the record is non searched more than n days then the row is deleted after setting its 

priority to 0,1 

Therefore, the next logic step is to define four functions: 

 update_priority_on_interval1() – increase the priority when the user searches in the row; 

 update_priority_on_interval2() – decrease priority for inactive records; 

 update_priority_on_interval3()– setting values 0, 1 to old records that are not searched 

n days. 

 delete_old_data() – delete old records that are not searched n days. 
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The update_priority_on_interval1() function created tracks the data search and changes the 

priority of the selected records. Thereafter, the function have to be automated. It has to be 

activated of each SELECT statement execution. The searched text, the constants c and d and 

time interval have to be assigned in the function-calling step. They are used for degrees of 

membership and non-membership calculation. In the presented example a word “Artificial 

Intelligence” searching is performed. The value 0.1 and 0.3 are assigned to the constants c and d. 

After the function execution the priority of the record with id = 7 and content “Artificial 

Intelligence” is updated (Figure 4). 

In the second step the update_priority_on_interval2() function is created. It provides 

functionalities for decreasing the priority of rarely searched items. In the presented example, the 

time interval between 7 and 30 days is considered for the rare searched items determination. 

Therefore, the records that satisfy the condition are considered as infrequently searched. Their 

priorities are decreased using the constants c and d respectively for degrees of membership and 

non-membership. In the presented example, the priority of the records with content not searched 

between 7 and 30 days is modified (Figure 5).  

In the third step update_priority_on_interval3() function is created. It has the capabilities 

for setting the values 0, 1 to the records that are not searched more than 30 days. In the function, 

the searched text, the constants c and d and time interval have to be assigned. In the presented 

example four records are modified (Figure 6). 

 

Figure 4. Function that changes the priority of the recording  

according to the search activities 
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Figure 5. Function that decrease the priority of the rarely searched items 

 

Figure 6. Function that deletes the non-searched items 
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The result of the delete_old_data() function execution is presented in Figure 7. The records 

that are not searched more than a month are deleted from the dataItems table. The new stat of 

the table contains the frequently searched data according to the previously defined conditions. 

In the next step, the authors present the step of the priorities updating automation. The system 

is set to be self-managing. The update_priority_on_interval1() is rewritten as trigger function 

trg_update_priority_on_search() that еnables autonomous self-management in the database by 

capturing every user search request. Upon insertion of a new search query into search_log, the 

function activates the priority recalculation algorithm. Therefore, the system will continuously 

adapt item priorities based on real-time user behavior, without manual intervention (Figure 8). 

The tasks of decreasing priority and deleing records are atomized using pg_cron extension 

for PostgreSQL. Firstly, the extension has to be installed. Thereafter three jobs are created. The 

first job is used for modifying priorities of the not searched data between 7 and 30 days. The 

update will be every night at 2:00 pm. The second job is activated every night at 2.05 pm. The 

third job will delete the rarely searched data (>30 days) every night at 3:00 pm. The users can 

select the schedule of the defined jobs (Figure 9). 

 

Figure 7. Result of the delete function execution 
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Figure 8. Trigger function trg_update_priority_on_search() 

 

Figure 9. Cron jobs  

3 Conclusion 

In the current investigation a modifying operator over temporal intuitionistic fuzzy index 

matrices is discussed. An application in the field of self-management databases is presented. The 

dynamic priorities are implemented. The activities related to the modifying operator are 

automated in the autonomous database system. 
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