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A CLASSIFICATION MODEL BASED ON DECISION-MAKING PROCESSES 
 

Abstract. The article is devoted to the formation of a classification of decision-making systems from the simplest 
having an algorithm of sequential operations to complex systems based on control of an object taking into account 
factors of the environment that are c
functional. It significantly affects the decision-making trajectory, which makes this system difficult to predict for the 
developers. These requirements of an intellectual system suppose absence of an explicit algorithm.  

Keywords: an intellectual system, decision-making processes, a linear algorithm, a conditional algorithm, a 
rational system 

 
Introduction 
Currently, there is no clear differentiation of decision-making models from simple to complex ones. 

This study proposes a version of the classification of algorithms based on the complexity of decision-making 
processes. A structural description of the existing decision-making models is given below. 

1. A linear structure of sequential simple operations; 
2. A simple algorithm with branches and cycles; 
3. An algorithm that is based on the use of a database of ready solutions that are unchanged; 
4. An expert system that allows you to make elementary decisions from an unchanged database of 

ready solutions. External factors and rules also do not change; 



 

                                                                                            
 

5. Systems that accumulate data, i.e. the database of ready solutions increases in time, which 
subsequently leads to a change in the database according to the rules. 

 
Methods 
Decision-making models are represented by the categories described below. 
 
1. Systems based on simple algorithms 
1.1 Basic linear algorithms 
 
The first computer programs realized the concept of structured programming.  
All instructions were executed one by one. When a previous instruction was completed, the next one 

started to work. Structured programming showed itself very useful and trivial for solving tasks that do not 
have many conditions and circumstanced required to be analyzed. This simple algorithm includes only a 
sequence of steps that have to be completed to receive a specific result. Figure 1 illustrates processes in a 
system that are implemented in a chain of steps. Each process contains some operations that are required to 
be completed. After completing the first process, the second one starts its operations. This logic continues 
until the end of the program. This trivial program does not imply any branches and different variants. 

  
 

 
 

Figure 1. A linear algorithm 
 

1.2 Conditional algorithms 
As linear algorithms do not allow any strategic decisions, and they are practically useless in modern 

systems, they had to be modified to include functionality of conditions and transitions. It was realized by an 
addition of branches, cycles, conditional and unconditional transitions. Branch statements are formed by 

Iterative statements «for, while, repeat» provide functionality to receive an estimated result after multiple 
passes. The work of this kind of algorithms is in Figure 2. These blocks include a beginning and an end of 
the program, rectangular shapes show activity blocks and diamond shapes illustrate conditions that lead to 
different ways towards the final result. 

 



 

  

 
 

Figure 2. A conditional algorithm 
 

2. Rational systems 
2.1 Systems with the non-changing parameters of the environment 
Although stated above simple algorithms allow to fulfill some specific tasks, they are very restricted in 

functionality. It is just a direct sequence of actions and variants without any analysis of situations. Modern 
systems have to provide the flexible functionality where the environment and future steps are analyzed in 
advance.  

The concept of rationality in the Artificial Intelligence field comes to help here. An agent is everyone 
or anything that performs actions. The main difference between these kinds of programs and programs 
mentioned previously is execution of non-straightforward steps. At the same time, the agent always 
perceives the environment where it operates via various kinds of sensors and actuators [1]. 

 

2.2  Systems with the changing parameters of the environment 
In the previous system we have the parameters of robots and environment always stable and non-

changing. There are many cases when external factors influence the work of robots, and they need to adapt to 
them. Robots have to make decisions that will allow to show the same performance measure they had before 
the change of factors [2]. The trajectory plan is to be divided into small subtasks which execution leads to the 
final goal of the system. 

Taking into account the result of the article [3], it is required to highlight that the model presented 
there is described inaccurately by the following parameters: 

1. There are no basic hypotheses for the formation of the conceptual model; 
2. Since there are no corrections at individual stages, no mechanism of the influence of external 

factors on the trajectory of performing a complex task in the diagram is presented for the conceptual task. A 
trajectory of each consequent stage is fully dependent on the results of the previous stage. Factors of external 
influence are absent, but the scheme intends that they have to exist; 

3. An elementary mathematical description of the model is absent that raises a number of questions 
about the correctness of the described model. The proposed work gives a detailed description of the model 
and discloses principles of the model in a more correct form. 



 

                                                                                            
 

The hypotheses on the basis of which this conceptual model is proposed are described below: 
1. In the first case, an agent makes the best decision at the beginning taking into account the amount 

of relevant information received; 
2. In the second case, an agent is also influenced by external factors at the intermediate points, and its 

trajectory changes correspondingly; 
3. In the third case, external factors change values at the intermediate points, and it influences the 

behavior of the agent even more that in the second case. 
 
The rational behavior is expressed with the use of the following mathematical equations.  
 

                                                                                                       (1)  

 

 
 

Figure 3. Model 1 
 
In the first model, a list of initial positions is defined as .  The start position is 

influenced by external factors ( ). Every next step is the functional result of the previous 
step. 

In the second model, a correction function that depends on the external factors at the control points 
exists. There will be a bias at the intermediate steps of the trajectory. So external factors can influence agents 
only at those points, and it is revealed inside a correction function. 
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Figure 4. Model 2 
 

In the third model, a correction function shows the change of external factors at the intermediate steps 
of the trajectory over time.  

 

                  (3) 

 

 
Figure 5. Model 3 



 

                                                                                            
 

Realization 
In the robotic system toolbox in MATLAB, the linear algorithm may be represented by a vehicle 

moving from the start point to the end point. A trajectory of the movement is quite simple including only 
intermediate points along its path. At the beginning, it is necessary to set up linear and angular velocity 
values that define how fast an object will be moving towards the end point [4-7]. Points of the trajectory are 
described by an input matrix. 

The following parameters have been used in the model: wheel radius  0.1, wheel base  0.5, linear 
velocity  0.5, angular velocity  1.0 

 

 
A moving object 1 

 
To demonstrate a variety of decisions made by robots, it is worth to use an example of the point 

detection algorithm in MATLAB. A point is set up on the map, and a wheel drive robot uses its scanner to 
find this point and move towards it. If the point is not found by the robot, it does not try to reach it. 
Otherwise, when the point is detected, the robot is going to move to that place [8-9]. This example is 
presented on the image below. 

 

 
A moving object 2 



 

  

Knowledge gathering system 
One efficient way of keeping data about actions taken by agents is the use lists that bind facts in the 

environment with new rules an agent has to take into account executing its actions. A widespread example of 
 [1]. This game includes a hero (agent) who enters a cave 

where he needs to find gold and kill the terrifying monster Wumpus. In addition, a cave contains deep pits 
that are dangerous for a hero because he can fall there and die.  

The cave is represented by a board of cells. The hero moves horizontally and vertically. If a cell 
contains a cave, there is wind in nearby cells. The hero can also smell Wumpus in the cells next to the 

 the Wumpus with it. In order to murder the monster, 
the hero has to know his location for sure. As the hero has no prior knowledge about a structure of the cave, 
he needs to build it while he moves. Sensors of the agent provide him the following information: 

 wind in the cells next to pits; 
 stench in the cells near the Wumpus; 
 bump when an agent collides with walls; 
 glitter when there is gold that an agent has to find; 
 scream when the Wumpus is killed by an arrow. 

 
The agent has a list of rules initially, and additionally, he needs to fill its table of facts which it gets 

from the cave (Table 1). 
Using accommodated facts and rules, the agent can successfully fulfill its task. 
 
Table 1.  
 

Facts and rules Steps of the agent 
#facts and rules that we will use to make 
inferences 
facts = [] 
rules = [ 
    ([('clean', '?x'), ('next', '?x', '?y')], 
[('no_wumpus', '?y')]), 
    ([('calm', '?x'), ('next', '?x', '?y')], [('solid', 
'?y')]), 
    ([('no_wumpus', '?x'), ('solid', '?x')], 
[('safe', '?x'), ]), 
    ([('next', '?a', '?b'), ('next', '?b', '?c'), 
('next', '?c', '?d'), ('next', '?d', '?a'), ('nasty', 
'?a'), ('no_wumpus', '?b'), ('nasty', '?c')], 
[('wumpus', '?d'), ])] 
 

Taking a step 
Moving to Cell 21 
There is a breeze running through this room 
Perception = (clean, breeze, bare, no_bump, quiet, Cell 21, Left, 
living, 1100) 
********************************* 
Turing to face Left 
There is a breeze running through this room 
Perception = (clean, breeze, bare, no_bump, quiet, Cell 21, Left, 
living, 1100) 
********************************* 
Taking a step 
Moving to Cell 11 
Perception = (clean, calm, bare, no_bump, quiet, Cell 11, Left, 
living, 1100) 
********************************* 
Perception = (clean, calm, bare, no_bump, quiet, Cell 11, Left, won, 
1100) 

 
Conclusion 
The classification model demonstrated a shift from basic sequential algorithms to complex decision-

making systems where intelligent agents and robots are influenced by a large group of different factors. In 
this case, it is actual to thoroughly describe the change of behavior on different stages of work.  

The intellectual part of the decision-making system is confirmed by the presence of an implicit 
algorithm for performing tasks by robotic systems based on the presented models. These models demonstrate 
a gradual complication of the task execution algorithm depending on the degree of influence of external 
factors. If in the first mathematically described model, factors influenced and were taken into account only at 
the initial stage, then in more complex models, external factors first affect the degree of correction of the 
execution of the task steps only at control points. In the final model, factors already begin to change the 
algorithms for the execution of the stages (subtasks) of the complex task themselves. Subsequently, the 
authors will develop this topic, taking more and more complex forms of changing the basic algorithm in 
order to bring the solution closer to a more intellectually advanced solution variant. 
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IMPROVE AND OPTIMIZE WEBSITE INTEGRATED BOOTSTRAP 4 TEMPLATE IN DJANGO 

 
Abstract. Combining the Bootstrap 4 template in Django, the web site development and optimization site 

(www.atu.kz site) provides an overview of the new ways to create a WEB site, methodologies of clarity and convenient 
delivery of information, peculiarities of Python, Django. 

Website is a presentation of the history of our university, its services, its competitive advantages, products, terms 
of cooperation, etc. let alone talk about it. Developing Web site development technologies, developing web site 


