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Abstract. The complexity of the subject areas in which intelligent 

information systems operate is steadily increasing. The tasks set for such 

systems are increasingly aimed at automating and robotizing spheres of 

human activity. The solution of such problems requires adaptive and 

flexible methods capable of taking into account dynamic changes in the 

environment in real time. The mivar approach to creating intelligent 

decision-making systems allows working with adaptive discrete structures 

and provides methods for making management decisions based on adaptive 

active logical inference based on the knowledge base of mivar rules. The 

mivar machine of logical inference is the core of expert systems based on 

the mivar approach. As a result of the historical development of the mivar 

approach when working on different subject areas, various versions of 

mivar machines of logical inference with their algorithms for bypassing 

rules in the knowledge base were obtained. This paper discusses the 

reasons for the emergence of such options and demonstrates the need to 

use a parallel algorithm for activating rules in an adaptive network of 

logical rules when solving problems of action planning in technical 

systems. 

1 Introduction 

Accumulation and processing of information are the most important processes in intelligent 

information systems. With the development of artificial intelligence (AI) methods, the 

issues of ensuring these processes remain relevant and become increasingly acute. As AI 

methods improve, new areas become available for which ways of applying automation and 

robotization of human activity are sought. In such areas, dynamically changing real-time 

environments may encounter non-homogeneous and complex processes. Therefore, 

scientific research on ways of accumulating and processing information remains relevant as 

AI methods develop. One of the directions of such work is associated with the study of the 

mivar approach and mivar technologies. 

The mivar approach provides two main technologies aimed at ensuring the processes of 

accumulation and processing of information: for information accumulation, the mivar 

approach offers tools for formalizing subject areas in the form of networks of logical rules 

 
* Corresponding author: ovarlamov@gmail.com  

E3S Web of Conferences 549, 08007 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454908007

  © The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of the Creative
Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/). 

RETRACTED

mailto:ovarlamov@gmail.com


with mechanisms of evolutionary change; for information processing, the mivar approach 

offers methods for solving logical and computational problems in a mivar network of rules. 

The development of mivar technologies of logical artificial intelligence has been going 

on for quite some time. They have proven themselves well in solving tasks in the format of 

production networks because they allow finding a solution with linear computational 

complexity [1]. Mivar technologies are actively used to create expert systems in the 

following areas: management of educational programs at the university [2], detailed 

description of knowledge in a scientific discipline [3], detection of bank check fraud [4], 

intelligent plant care systems [5], decision-making on the safety of thermolabile blood 

components [6], optimization of the process of preparing fresh frozen plasma for 

transfusion [7], diagnosis of diabetes [8], artificial intelligence in medicine [9], mechanical 

engineering [10] and many other areas. When creating hybrid artificial intelligence (AI) 

systems, mivar technologies have also found their place. They can be implemented in a 

wide variety of activities: creating a brief overview of judicial practice [11], detecting 

energy theft in smart grids using explainable attention maps [12], using metagraphs to 

represent data sets [13] to overcome limitations [14] and improve existing knowledge bases 

[15], for tasks of analysis and classification [16] of equivalent logical operations [17], 

solving first-order logical equations with exhaustive search for solutions [18]. 

The approach of hybrid AI with the application of mivar technologies includes neural 

network methods. Neural networks can be used for sentiment analysis based on text and 

audio data [19], for processing media information [20] and its optimal encoding [21], for 

working with satellite images [22] and with text queries [23]. In addition, hybrid AI can be 

used in the development of polymer microstructures [24] and composites [25], in modeling 

heat exchangers [26], as well as in the formation of intelligent technological units [27]. The 

use of mivar technologies in conjunction with a neural network approach can simplify the 

process of data analysis from LiDAR for the task of finding trees and estimating their 

diameter [28] and for measuring active gases affecting the climate for carbon landfills [29]. 

Mivar technologies can cope not only with decision-making but also with intelligent 

analysis of pulsed EPR for recognizing 3D objects by an optical location system [30]. The 

most promising area of application of the mivar approach and hybrid AI is the development 

of robotics [31] and navigation systems of robotic complexes [32], as well as the creation of 

intelligent vehicle control systems [33]. One of the complex tasks in this area is pathfinding 

[34] with planning the shortest route for a robotic complex [35]. Especially many 

conditions need to be taken into account when moving autonomous transport on public 

roads [36]. 
The main intelligent information system for solving management tasks based on the 

mivar approach is the mivar logical inference machine (MLIM). Mivar technologies, due to 

their flexibility and adaptability, find wide application in various subject areas. Experience 

in using the mivar approach accumulates while working on such areas. Therefore, over 

time, several versions of MLIM implementation have emerged. Each version offers its own 

algorithm for traversing logical rules in a knowledge base. However, the method of 

constructing logical inference in these machines is the same and is based on the monograph. 

This paper proposes to consider practical examples of the reasons that led to the emergence 

of different variations of MLIM. To do this, let’s look at several decision-making systems 

in technical means. 

2 Using parallel activation of logical rules 

For example, let’s consider the logical inferences that are constructed on the basis of 

knowledge bases in the traffic rule compliance control system and the mivar system for 

planning the actions of robots and robotic means – MIPRA. For instance, when finding a 

E3S Web of Conferences 549, 08007 (2024)

TransSiberia 2024
https://doi.org/10.1051/e3sconf/202454908007

2

RETRACTED



logical inference built to make a decision about crossing railway tracks in accordance with 

traffic rules, it can be noticed that to calculate some rules it is necessary to know the values 

of parameters that are calculated by other rules. In the first case, logical rules will be 

executed one after another. When performing a maneuver by the driver, it is necessary to 

take into account additional conditions, which can lead to the appearance of additional 

chains of logical conclusions. A close analogue of what these chains might look like can be 

found in the planning of robot actions using MIPRA. The difference in building knowledge 

bases of MIPRA from the control systems for monitoring the keeping of traffic rules is that 

in the first case, the knowledge base is collected automatically according to the current state 

of the environment and the planning task, and in the second - the knowledge base does not 

change during the movement of the car. 

The knowledge base used in MIPRA is constructed in such a way that a complete 

solution plan can be built based on the current planning task, namely: the robot’s action 

plan. It is important to note that in the implementation of MIPRA, the planning task is 

decomposed into intermediate goals and tasks (each goal is assigned its own task). Since a 

mock task of moving and arranging objects in space was used in MIPRA, it is necessary to 

solve previous tasks to solve some intermediate tasks. Thus, achieving the goal of the 

planning task is achieved by sequentially achieving intermediate goals. An example of a 

simplified fragment of logical inference, responsible for checking the achievement of one 

or another intermediate goal, is presented in Figure 1. 
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R1

P 2 P 3

R2

P 4

R3 R5

P 5 P 9

P 1 0 P 1 1

R4 R6

P 8 P 1 2

R7

P 1 3

P 6 P 7

P 0

 

Fig. 1. Simplified example of a fragment of logical inference in MIPRA responsible for tracking the 

achievement of intermediate goals of the planning task. 

Based on the above fragment of the MIPRA logical inference, it can be concluded that 

some rules can be calculated independently of each other (at least in the first stage, rules 

R1, R3, and R5 can be calculated simultaneously). In other words, chains of rules are 

formed, the calculation of which can be performed independently of each other in parallel. 

This can increase the speed of solving planning problems. To calculate such chains in 

parallel, support for such calculations is required from MLIM. In the early versions of 

MLIM, the rule activation algorithm was built before calculating all the rules. Such an 

MLIM option is not suitable for MIPRA, since the rules of the subject area are described in 
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such a way that the result of their calculation can be empty. As a result of calculating all the 

rules, the algorithm for calculating the rules may turn out to be different from what was 

previously built. 

MLIM, which is part of the Mivar Expert System Constructor, is not suitable for 

parallel calculations on the MIPRA knowledge base. The rule search algorithm for 

calculating this MLIM is based on a queue of parameters known at the current time. 

Therefore, only rules R1, R3, and R5 can be executed in parallel, not chains R1-R2, R3-R4, 

and R5-R6. The most suitable option may be a cluster MLIM from the study. However, the 

specifics of organizing the cluster and the need for MLIM to function autonomously within 

the robot’s equipment may be an obstacle. 

3 An approach to automatically constructing a mivar knowledge 
base 

The use of knowledge base generation about the subject area based on the current robot 

action planning task was first successfully demonstrated while working on the MIPRA. 

Mivar system for robot and robotic device action planning. This system solved a mock 

STRIPS (STanford Research Institute Problem Solver) problem: robot action planning for 

cube permutation in the modified Blocks World domain. The automatic creation of 

knowledge bases allowed the acceleration of robot action planning processes by several 

orders of magnitude and enabled the possibility of action replanning when the robot’s 

surrounding environment conditions change. Let’s take a closer look at the place and role of 

the knowledge base generator in MIPRA. As a result of the architecture transformations, we 

find that the knowledge base generator receives information about the current state of the 

subject area and the planning task from the MIPRA planner’s working memory. The 

resulting architecture is shown in Figure 2. Data enters the working memory after 

preprocessing from the robot’s sensors. Data preprocessing tasks can be implemented by 

other systems within the framework of HIIS. 

Planning problem

Environment Mivar scheduler

Control objects

Knowledge base 

generator
Knowledge base

Data preprocessing block Working memory

 

Fig. 2. Place of the knowledge base generator in the MIPRA structure. 

The generator for preparing the knowledge base uses data that is in the planner’s 

working memory at the current moment. The knowledge base is constructed in such a way 

that it can be used to plan actions for transferring the robot’s interaction environment from 

the current state to the target state. If there is a deviation from the plan during the robot’s 

action execution, for example, if the number of operated objects has changed or the target 

state has changed, the generator can build a knowledge base from the current state. To build 

a knowledge base, it is necessary to know about the actions that are available to the robot 

for interacting with the environment in Figure 3. The task domain and the composition of 

the robot’s executive system determine actions. Within the formal description of Mivar 
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knowledge bases, each robot action can be associated with a Mivar network parameter. If 

the action parameter receives its value during logical inference through the Mivar network 

rules, then the robot will need to perform the corresponding action in the current 

environment state. 

 

Fig. 3. Actions available to the robot for interacting with environmental objects. 

The question arises as to what rules the logical inference about the execution of a 

particular action is based on? To answer this, it is necessary to clarify what logical rules of 

the knowledge base represent and what they are formed on the basis of. The MIPRA 

approach involves decomposing incoming tasks into subtasks and intermediate goals. In 

this case, the algorithm that the robot will follow involves achieving at least one 

intermediate goal when solving one subtask. The number of goals and subtasks is the same. 

The approach and algorithm for solving planning tasks were chosen by an expert in the 

field. It is important to note that within the mock task solved by MIPRA, some subtasks 

cannot be solved without achieving a certain set of intermediate goals. Therefore, achieving 

the goal of the planning task involves sequentially achieving intermediate goals by solving 

intermediate tasks. To solve a subtask, it is not necessary to know the complete solution to 

the entire task. Therefore, MIPRA can operate in two modes: 

1. First, prepare the entire task solution plan and then pass it on to the robot’s executive 

bodies. 

2. Build an action plan to achieve an intermediate goal and pass it on to the robot’s 

executive bodies. Repeat for all intermediate goals. 

When the planning task is decomposed in MIPRA, the main part of the knowledge base 

consists of rules that track the state of the operated objects. These rules can be templated 

and scaled as needed. Therefore, when the number of operated objects changes, adding new 

rules to the knowledge base according to the template is not difficult. We can also record 

the results of rule activation in parameters, associating them with environment objects. 

Let’s take a closer look at what a subtask represents. Since MIPRA solved the problem of 

moving objects in space and placing them, the following action algorithm was developed 

for the robot by an expert: 

1. Step 1: prepare the environment. At this step, the robot prepares the platform on 

which it plans to place the current operated object. 

2. Step 2: prepare the current object. It is necessary to make sure that there are no 

obstacles to move the current operated object in space. 
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3. Step 3: reach the current goal. At this step, the object is moved from the current 

position to the platform prescribed by the target state of the planning task. 

When using this algorithm and having rules that track the position of objects in space, 

we can unambiguously determine which current goal is being achieved at the moment and 

what step we need to take to solve the current task. The initial and final goals are 

determined by the target state of the subject area. Thus, in the Mivar network, we can 

represent parameters that are signs of achieving one or another intermediate goal. To 

calculate these parameters, rules are needed that will receive information about the position 

of objects as input and output a sign of achieving an intermediate goal. These rules can also 

be templated and correlated with Mivar network parameters based on the representation of 

the planning task’s target state. 

Since tasks are solved in a chain, at any given moment it is known which object needs 

to be interacted with. Therefore, knowing which object is currently of interest and which 

intermediate goals have already been achieved, we can formulate rules based on the 

calculated Mivar network parameters associated with the current object positions in space. 

When activated, these rules can determine the need to take a particular step in the 

intermediate task solution algorithm. Each step can be associated with a robot action 

parameter, as mentioned earlier. Such rules are suitable for templating and scaling. As a 

result, the knowledge base generator in the Mivar planner works with templates. When data 

about the subject area enters the working memory and the planning task solution process is 

launched, the generator forms the required number of Mivar network parameters based on 

templates and links them with logical rules. The algorithm for linking Mivar network 

parameters with logical rules is determined by an expert based on the adopted approach to 

solving the task and the selected robot action strategy. 

The expert’s role in MIPRA is to determine the approach to solving the task, choose a 

generalized algorithm for solving tasks and subtasks, as well as describe elementary 

knowledge cells (rule templates and parameter lists). The role of the knowledge base 

generator is to scale elementary knowledge cells to the current state of the subject area and 

link specific rules with Mivar network parameters according to the algorithm described by 

the expert. At the time of publication of the work, the knowledge base generator in MIPRA 

was a template program. All templates and algorithms for forming rules and Mivar network 

parameters were described in C# programming language code. One of the ways to improve 

the knowledge base generator is to create a knowledge base for solving planning tasks 

based on another knowledge base that contains representations of methods and algorithms 

for applying templates and variable placeholders for the subject area. 

4 Conclusion 

After considering practical examples of organizing mivar knowledge bases for solving 

management tasks in technical systems, it can be said that it is important to choose a 

suitable algorithm for bypassing logical rules and their calculation. This choice should be 

made based on the specifics of the subject area, as well as the available equipment on which 

the launch of MLIM is planned. It is shown that for solving tasks of the traffic rules 

compliance control system and MIPRA, a suitable version of MLIM will be the one that 

can provide parallel calculation of related chains of rules. This will speed up the process of 

logical inference compared to refusing parallel computations. It is important to emphasize 

that mivar technologies of logical artificial intelligence allow finding a solution with linear 

computational complexity for tasks in the formats of production networks “if-then” or 

descriptions of business processes in the format “input; output; action”. 

As a result of applying the approach described in this paper, the automatic construction 

of Mivar knowledge bases has made it possible to achieve a significant increase in the 
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speed of solving action planning tasks for STRIPS state space tasks. This is achieved by 

using the advantages of Mivar information storage and processing technologies: expert 

knowledge of the subject area is formed into adaptive discrete structures that can be 

adapted to specific tasks, and the logical-computational method of solving problems 

provides fast output based on the obtained structures. The proposed approach to automatic 

construction of Mivar knowledge bases from templates and a given algorithm for linking 

rules and parameters has found application not only in decision-making but also in 

trajectory planning and optimization. It is important to note that Mivar technologies of 

logical artificial intelligence allow finding solutions with linear computational complexity 

for tasks in the “if-else” production network formats or business process descriptions in the 

“input; output; action” format. 
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