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By Pavel Barseghyan, PhD 

 

Abstract 

Public life is a stream of different quantitative and qualitative emergencies that are the result of 

people's actions and activities. 

In turn, arbitrary actions and activities of humans can be adequately represented by mathematical 

models in the form of equations of state. 

The equation of state of an arbitrary action or activity combines the various resources needed for 

people's lives and activities, people's knowledge and skills, and the results of their activities. 

The results of people's actions and activities contain a variety of quantitative and qualitativ 

emergences that have different nature and scale. 

In the first part of the article, is considered the mathematical model of the emergance of 

qualitatively new phenomena as a result of the interaction and integration of various qualitative 

phenomena. 

The following parts of the article will discuss the mathematical models of nonlinear and 

probabilistic nature of the emergence phenomenon. 

Introduction 

In recent decades, the quantitative science of human life and activity has been making 

unprecedented progress for the simple reason that highly developed societies and mankind in 

general are increasingly in need of it. 
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The reason for this is the steep rise of the complexity of human civilization, where the 

management of public life encounters unprecedented difficulties and challenges of a critical 

nature, which solutions are no longer effective through traditional means of experience and 

intuition and often lead to catastrophic and large-scale errors. 

The solution to the issue is modern expert systems based on an adequate quantitative description 

of public processes, which can help critical decision makers in avoiding catastrophic errors with 

severe consequences. 

The core of such expert systems should be the quantitative theory of the activity of humans and 

human systems. 

This theory and the mathematical models underlying it are substantially promoted by the fact that 

neighboring fields such as theoretical physics, mathematical control theory, mathematical 

economics, mathematical biology, systems theory, organizational science, etc. have accumulated 

huge experience in the development of quantitative methods, which can serve as a 

methodological basis for the creation of serious quantitative science on human behavior and 

activity. 

One of the central problems of quantitative science of human life and activity is the emergence 

problem, which has been the focus of the leading scientific forces for last decades [1, 2, 3, 4]. 

The experience of the quantitative sciences mentioned above has shown that the most efficient 

solutions of the problems related to complex processes and phenomena usually rely on the 

mathematical description of the fundamental nature of those processes and phenomena. 

This means that such a complex phenomenon as emergence, as well as many other human 

activity related phenomena, can be qualitatively explained and quantitatively described only 

within the framework of the mathematical theory of human activity of the fundamental nature. 

Classification of the emergence phenomenon in terms of mathematical modeling 

For mathematical modeling of a fundamental nature, it is also necessary to classify the 

phenomenon of the emergence of new qualities from different angles. 

In this sense, emergence, as a phenomenon, can be linear and non-linear. In addition, the 

emergence phenomenon can be considered within the framework of the deterministic 

approach, that is, at the level of average values of the parameters and within the framework of 
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the probabilistic approach, that is, at the level of distribution functions of random variables 

characterizing the emergence phenomenon. 

Further, according to another classification, the emergence can be weak and strong, a 

circumstance that is presented in more detail in the scientific literature [2, 4]. 

If we look at the emergence classification from the perspective that they are the result of human 

activity, then similar to human activity emergence also can be homogeneous or heterogeneous 

[6]. 

Emergence, like any other phenomenon related to people's lives and activities, can be 

independent of the time factor, that is to say, time invariant and time dependent. 

Accordingly, we can deal with the phenomena of static emergencies and dynamic emergencies, 

whose mathematical description in static cases will have an algebraic character, and in dynamic 

cases it will be based on differential equations. 

What is the equation of state of human activity? 

In general, given that any emergence in society is the result of human activity, this phenomenon 

can be studied within the framework of the mathematical theory of human systems [5, 6]. 

For that purpose, let's consider the basic principles and results of the above theory for the 

construction of mathematical models of emergence phenomenon. 

At the core of the quantitative description of human life and activity is the mathematical model 

of the sequence of homogeneous actions of humans in the form of state equations [7, 8, 9, 10]. 

The meaning of these equations is that the fundamental requirement for the continuity of the 

flow of life at every step forces people to perform actions in accordance with the current 

requirement of life, during the execution of which people seek to maximize the probability of 

their successful completion. 

Successful human performance of an action implies a certain balance between the difficulty of 

the action and the abilities of the human being. 

The mathematical representation of this balance is the equation of the state of homogeneous 

activity of humans. 
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If a person during the time period 𝑇 has successfully performed 𝑛 actions, each of which has a 

magnitude 𝑤 and a degree of difficulty 𝐷, then the state equation of human activity will be [5, 7] 

                                𝑇 ∗ 𝑃 = 𝑛 ∗ 𝑤 ∗ 𝐷,                                                             (1) 

where 𝑃 is the efficiency or productivity of a person to perform a given type of activity, or the 

number of successfully completed actions in unit time. 

At every step of life, the equation of state of a person’s activity reflects the relationship between 

the person’s abilities and the difficulty of the task he is currently performing and, in particular, 

the balance between them. 

The above also assumes that a person has performed some number of actions 𝐼 in unit of time, 

out of which only 𝑃 actions has been successfully completed. 

The magnitude 𝐼 is the total intensity of human activity, and 𝑃 - is the intensity of successful 

activity, and these parameters are related with each other by the following functional relation 

[11].   

                                       𝑃 = 
𝐼

1+𝑎𝑡𝑎
  ,                                                                 (2) 

where 𝑎 is the intensity of human-made errors and 𝑡𝑎 is the average time to correct or eliminate 

one error. 

In addition, the productivity 𝑃 and the intensity of human activity 𝐼 due to the low motivation of 

people 𝑀 (0 <  𝑀 < 1)  can be significantly lower than their maximum possible values 𝑃𝑀𝑎𝑥 

and 𝐼𝑀𝑎𝑥, i.e. 

                                     𝑃 = 𝑀 ∗ 𝑃𝑀𝑎𝑥                                                              (3) 

  and                             𝐼 = 𝑀 ∗ 𝐼𝑀𝑎𝑥 .                                                              (4) 

Combining the expressions (2) and (4) one can get the following equation of the state of 

homogeneous activity of humans 

                          𝑇 ∗ 𝑀 ∗ 𝐼𝑀𝑎𝑥 = (1 + 𝑎𝑡𝑎) ∗ 𝑊 ∗ 𝐷,                                       (5) 

where 𝑊 = 𝑛 ∗ 𝑤 - is the sum value of human activities in the period of time 𝑇. 

If we are talking about the joint activity of not one person, but 𝑁 people, then the equation of 

state will be 
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                    𝑁 ∗ 𝑇 ∗ 𝑀 ∗ 𝐼𝑠𝑀𝑎𝑥 = (1 + 𝑎𝑠𝑡𝑎𝑠) ∗ 𝑊 ∗ 𝐷,                                  (6) 

where the values 𝐼𝑠𝑀𝑎𝑥, 𝑎𝑠  and 𝑡𝑎𝑠 will relate already to the human system. 

If the human activity is such that the 𝑊0 portion of the size 𝑊 is known from the previous 

activity and can be reused, then equation (6) will look like this. 

                  𝑁 ∗ 𝑇 ∗ 𝑀 ∗ 𝐼𝑠𝑀𝑎𝑥 = (1 + 𝑎𝑠𝑡𝑎𝑠) ∗ (𝑊 − 𝑊0) ∗ 𝐷.                        (7) 

This equation can have many practical applications, as the reuse of the results of their previous 

work by human systems is an integral part of people's lives and, in particular, an integral part of 

any project or activity planning. 

The speed of people's activities 

From the equations of state of people's activity can also be obtained equations of state for the 

speed of their activity.  

In particular, if we divide the two parts of equation (6) by the time period 𝑇 and, given that the 
𝑊

𝑇
 

ratio is the average speed 𝑣𝑎𝑣 of human activity in a given period of time, we can obtain a new 

equation of state. 

                      𝑁 ∗ 𝑀 ∗ 𝐼𝑠𝑀𝑎𝑥 = (1 + 𝑎𝑠𝑡𝑎𝑠) ∗ 𝑣𝑎𝑣 ∗ 𝐷 .                                     (8) 

From here one can get the average speed of human activity 

                                    𝑣𝑎𝑣 =  
𝑁∗𝑀∗𝐼𝑠𝑀𝑎𝑥

(1+𝑎𝑠𝑡𝑎𝑠)∗𝐷
 .                                                         (9) 

The relationship between equations of state with a quantitative description of emergence as 

a phenomenon 

Speaking about the emergence in a broad sense, one can interpret them as the results of actions 

and activities of people of any complexity and difficulty, whether it is the result of their simple 

biological functions or the result of complex social activities. 

This means that by saying emergence we can understand both the emergence of new qualities 

through the interaction and integration of old qualities, and the repetition of the emergence of 

old, already known qualities. 
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Even if talking about an emergence, we understand only the appearance of a new qualitiy, then 

from the point of view of mathematical models based on state equations this is not important, 

since the models of the appearance of a new quality and the repetition of an old quality in the 

structural mathematical sense are the same. 

That is, the method of equations of state in a universal way can describe the results of any human 

activity, whether it is the birth of a new quality or a repetition of an old one. 

The peculiarity of the equation of state from the point of view of the emergence is that some 

parameters in this equation reflect the properties of people, and the other part - the properties of 

the tasks implementing by them, and the combination of these two qualities through the equation 

of state describes a new quality - human activity. 

That is to say, the combination of two different qualities, that is, life-driven demand and the 

supply of human abilities provided with various resources and tools gives birth to a new quality - 

human activity. 

This means that each specific manifestation of the emergence phenomenon can be quantitatively 

represented by the equation of state of human activity. 

The quantitative description of a qualitative phenomenon like emergence is based on the fact that 

the  𝑊 size of human activity can be directly related to the 𝑅 results of that activity, in particular 

with the generation of new qualities [7, 8]. 

Relying on the logic that the larger the size 𝑊 of human activity, the more results 𝑅 it can 

produce, the functional relation 𝑅(𝑊) can be approximated with a simple linear law. 

                                                 𝑅 = 𝑘𝑅𝑊,                                                        (10) 

 or            

                                                 𝑊 =
1

𝑘𝑅
𝑅,                                                        (11) 

where 𝑘𝑅 is the coefficient of propotionality. 

Substituting the value of 𝑊 from (11) into equation (6) and solving it for the result of people's 

activity 𝑅, one can get   

                                      𝑅 =
𝑘𝑅∗𝑁∗𝑇∗𝑀∗𝐼𝑠𝑀𝑎𝑥

(1+𝑎𝑠𝑡𝑎𝑠)∗𝐷
                                                     (12) 
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Expression (12) is the simplest mathematical model of the results of human activity and 

emergence, which is the basis for the development of more advanced quantitative models that 

reflect the lives of people and society. 

Mathematical model of the emergence of a new quality from the interaction and 

integration of different qualities with equations of state 

The main problem in the mathematical modeling of the emergence phenomenon is the 

quantitative description of the process of generating a new quality by combining or integrating 

different qualities. 

Such a quantitative description, in principle, is possible if there are certain preconditions 

associated with quantitative representations of the life and activity of people using equations of 

state for that purpose [9]. 

For this purpose, it is first necessary to represent the old qualities by means of separate equations 

of state, each of which represents the emergence or occurance of the old qualities as a result of 

human activity. 

In order to obtain a new quality from the merging or integration of the old qualities, in addition 

to the quantitative representation of the old qualities with equations of state, it is also necessary 

to quantify the interaction of the old qualities with the possible functional links between the 

parameters of their equations of state. 

An example of this kind of emergence of a new quality is discussed in [9], where the breakdown 

of the sequences of actions characterizing the life path of people into the functionally different 

subsequences of actions allows quantitatively, that is, using equations of state, to describe 

different aspects of the life and activities of people that are also sources of various qualities. 

Thus, as is done in the above mentioned work, people's lives can be divided into two subgroups 

of actions, that is, the sequence of biological actions and the sequence of social actions, each of 

which in arbitrary time period will have its own equation of state. 

To make the problem more specific, one can separate the human labor activity from social 

activity, and the actions associated with human nutrition from the sequence of biological actions, 

on the basis of which one can build a model of one of the closed cycles of human life, the 

meaning of which is as follows. 

http://www.pmworldjournal.com/
http://www.pmworldlibrary.net/


PM World Journal  (ISSN: 2330-4480)  Mathematical Modeling of New Quality Emergence 

Vol. IX, Issue III – March 2020                            from Interactions of Qualitatively Different Phenomena 

www.pmworldjournal.com   by the Method of State Equations 

Featured Paper  by Pavel Barseghyan, PhD 

 

 

 

 
© 2020 Pavel Barseghyan              www.pmworldlibrary.net Page 8 of 16 

The sequence of actions associated with human labor has two consequences: the first one is that 

the person loses the energy received as a result of nutrition, and, in addition, receives a reward 

for the work that he/she performs, and then part of this reward goes to purchase food. 

 

Fig. 1 Continuous chain of human life cycles 

Then, by eating the food, a person regains his energy and thus closes the local life cycle. 

In this example, the two phenomena that are qualitatively different from one another, namely, 

working and losing energy and recovering it from eating, complement each other and create a 

new quality in the form of normal course of human life. 

From a quantitative point of view, this is due to the fact that each of the qualitatively different 

phenomenon, human labor associated with the loss of energy and eating food to restore energy, 

is presented as a separate equation of state, and the links between the obtained equations is 

carried out through feedbacks. This makes the constructed mathematical model in the form of a 

system of equations of state a means for adequately representing a new quality - the normal life 

process of people (Fig.1). 
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Emergence phenomenon and the method of state equations  

The emergence of new qualitative phenomena as a result of human activity is an integral part of 

the life of human society, which daily has many and diverse manifestations. 

The life of the human system, be it a person, family, organization, state, or civilization, can 

ultimately be broken down into sequences of different size and content of actions and their 

combinations, each of which can represent or produce a certain quality. 

Mathematically, each of these sequences of human actions can be represented by a state 

equation, which combines the resources, knowledge and skills needed to perform a particular 

type of activity and produces results in the form of a certain qualitative phenomenon. 

In their turn, through the interaction and integration of different qualitative phenomena or their 

equivalent actions flows, completely new qualitative phenomena can emerge or be generated. 

The peculiarity of the method of state equations is that makes it possible to represent different 

qualities in the form of different equations of state. 

As for the semantic integration of different qualities, it is done through the feedbacks between 

different equations of state and the possible functional links between their parameters. 

If each of the component qualities of an integral qualitative phenomenon is represented as a 

separate equation of state, then the new quality is mathematically represented as a system of state 

equations, where the number of equations is equal to the number of component qualities. 

Some typical examples of the quantitative representation of the emergence phenomenon 

using state equations 

To illustrate the widespread applicability of the state equation method, let us consider some 

typical examples of generating new qualities based on the description of structure and activities 

of human systems. 
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1. State power as a result of interaction and integration of different branches of power 

The main modern model for the governance of a state is the separation of powers into different 

branches, which have different responsibilities and which do not have the right to interfere with 

the functions of other branches of power [12].  

The purpose of the separation of powers is to prevent the concentration of power on one of the 

branches of power through mutual restraint and counterbalance. 

The quantitative representation of the separation of powers by the method of state equations has 

the form of a system of equations of state where each equation describes the activity of a branch 

of power. 

If we look at the typical case of the separation of powers, when it is divided into legislative, 

executive and judicial branches, then the mathematical model of such a system of powers in 

arbitrary period of time T will have the following form 

                                         𝑁𝐿 ∗ 𝑇 ∗ 𝑃𝑠𝐿 = 𝑊𝐿 ∗ 𝐷𝐿 ,                                         (13-1) 

                                         𝑁𝐸 ∗ 𝑇 ∗ 𝑃𝑠𝐸 = 𝑊𝐸 ∗ 𝐷𝐸  ,                                        (13-2) 

                                         𝑁𝐽 ∗ 𝑇 ∗ 𝑃𝑠𝐽 = 𝑊𝐽 ∗ 𝐷𝐽 .                                           (13-3) 

In these equations, the L, E, and J indices mean Legislative, Executive, and Judicial, 

respectively. 

From a semantic point of view, equation (13-1) means that the legislative branch, having staff 𝑁𝐿 

during the period 𝑇 with efficiency 𝑃𝑠𝐿 overcoming the difficulties of 𝐷𝐿, carries out the activity 

𝑊𝐿, which generates laws. 

Equation (13-2) likewise represents the activity of the executive branch of power, which, within 

the laws, makes or produces decisions and implements governance. 

As for equation (13-3), it represents the country's judicial system, which again, within the 

framework of the law, generates decisions regarding violations of the law. 

All the equations in the system of equations (13) are interconnected with each other, since many 

of their parameters have functional relationships with each other, as a result of which they form a 

functional whole. 
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These equations represent three different qualities of power, from the interaction and integration 

of which a new quality is born - state power. 

A more detailed mathematical model of the separation of powers, which also takes into account 

various motivations of the branches of power related to political or other considerations, and 

errors made in the course of their activities, will look as follows. 

                    𝑁𝐿 ∗ 𝑇 ∗ 𝑀𝐿 ∗ 𝑃𝑠𝐿 = (1 + 𝑎𝑠𝐿𝑡𝑎𝑠𝐿) ∗ 𝑊𝐿 ∗ 𝐷𝐿 ,                        (14-1) 

                    𝑁𝐸 ∗ 𝑇 ∗ 𝑀𝐸 ∗ 𝑃𝑠𝐸 = (1 + 𝑎𝑠𝐸𝑡𝑎𝑠𝐸) ∗ 𝑊𝐸 ∗ 𝐷𝐸  ,                      (14-2) 

                    𝑁𝐽 ∗ 𝑇 ∗ 𝑀𝐽 ∗ 𝑃𝑠𝐽 = (1 + 𝑎𝑠𝐽𝑡𝑎𝑠𝐽) ∗ 𝑊𝐽 ∗ 𝐷𝐽  .                         (14-3) 

In their totality, the systems of equations (13) and (14) in various degrees of detail represent the 

mathematical model of a democratic power. 

The method of state equations of human systems also gives an oportunity to describe 

quantitatively the emergence of dictatorial, authoritarian, military, colonial, and other forms of 

power. 

For a complete quantitative representation of the country's activity by the method of state 

equations, the equations of state of the people and the opposition to the above three equations 

should be added, which will also have functional connections with the basic three equations.  

2. The emergence of people's complaints, protests, and change of power in society 

If we add to the system of equations (14) the state equation of the people and the state equation 

of the opposition and their functional relationships with the state equations of the branches of 

power, one can get a new system of five equations of state through which it is possible to 

quantify many phenomena of public life, including discontent and complaints of people and, as a 

result, the change of power. 

                   𝑁𝐿 ∗ 𝑇 ∗ 𝑀𝐿 ∗ 𝑃𝑠𝐿 = (1 + 𝑎𝑠𝐿𝑡𝑎𝑠𝐿) ∗ 𝑊𝐿 ∗ 𝐷𝐿 ,                         (15-1) 

                   𝑁𝐸 ∗ 𝑇 ∗ 𝑀𝐸 ∗ 𝑃𝑠𝐸 = (1 + 𝑎𝑠𝐸𝑡𝑎𝑠𝐸) ∗ 𝑊𝐸 ∗ 𝐷𝐸  ,                       (15-2) 

                   𝑁𝐽 ∗ 𝑇 ∗ 𝑀𝐽 ∗ 𝑃𝑠𝐽 = (1 + 𝑎𝑠𝐽𝑡𝑎𝑠𝐽) ∗ 𝑊𝐽 ∗ 𝐷𝐽  ,                          (15-3) 

                   𝑁𝑂 ∗ 𝑇 ∗ 𝑀𝑂 ∗ 𝑃𝑠𝑂 = (1 + 𝑎𝑠𝑂𝑡𝑎𝑠𝑂) ∗ 𝑊𝑂 ∗ 𝐷𝑂 ,                      (15-4) 

                   𝑁𝑃 ∗ 𝑇 ∗ 𝑀𝑃 ∗ 𝑃𝑠𝑃 = (1 + 𝑎𝑠𝑃𝑡𝑎𝑠𝑃) ∗ 𝑊𝑃 ∗ 𝐷𝑃 .                        (15-5) 
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Here, in equations (15-4) and (15-5), the O and P indices mean opposition and people. 

Equation (15-4) represents the activities of the opposition, as a result of which pressure is 

generated on power, and (15-5) represents the activities of the people. 

Depending on the quality of the government's activities, the scale and consequences of its errors, 

the people may be dissatisfied and complained of, which in turn may be exacerbated by the 

activities of the opposition. 

This means that the system of equations of state (15), which is generally the mathematical model 

of a state activity, can describe different levels of people's dissatisfaction and, as a result, the 

change of power. 

3. The emergence of the coalitions of human systems  

The unification of human beings' abilities and efforts contributes to their aspirations to ensure the 

safety and quality of life. 

In particular, the conflict of human systems forces them to unite into different coalitions and 

unions. 

One of the most important security guarantees is the balance of opposing forces and coalitions 

are a means by which such balance can be achieved. 

If for the sake of simplicity we take the case of the three conflicting human systems, then each of 

them has a state equation, which produces pressures and dangers for the other two [10]. 

In the process of conflict, the first human system creates  𝑂12 and 𝑂13 threats to the second and 

third systems. 

If the risks, related to the threats 𝑂12 and 𝑂13 are significantly greater than the 𝑂21 and 𝑂31 

response risks, then the only rational safeguard for the second and third systems is to temporarily 

forget their confrontation and unite their forces to achieve a balance of power with the first 

human system. 

The described phenomenon can be easily represented by equations of state, which would be the 

mathematical model of the coalition emergence due to the confrontation of human systems. 

Conclusions 

1. Individual actions of humans as well as their activities of any scale can be quantitatively 

represented by equations of state. 
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2. The equation of state of a human system is not a formula by which calculations and 

estimations can be made, since it contains in a non-explicit way a number of nonlinear 

functional relationships that can be extracted from equation only by means of additional 

terms, just as it is done in physics. 

3. The equation of state of the human system of arbitrary scale can be interpreted as a 

phenomenon of quality formation, whether it is a creation of a new quality or the 

repetition of an already known quality. 

4. Similarly, the birth of any emergence or new qualitative phenomenon related to public 

life and activity of humans can also be quantitatively represented by equations of state. 

5. Qualitatively new phenomena may arise as a result of individual actions of humans and 

as a result of the interaction and integration of their activities. 

6. An arbitrary equation of state in itself can be considered as the result of emergence, 

where the balance that generates the equation of state is built on the basis of interaction 

and integration of two qualities, namely: the next demand of life process and the reaction 

of people to this demand. 

7. It is also important here that both the demand of life and the actions of people in the form 

of supply themselves are also the results of human activities with their own equations of 

state. 

8. A social phenomenon of an arbitrary scale, be it an organization, a state or a political 

party, can be interpreted as an emergence that is the result of interaction and integration 

of qualities of different nature. 

9. In this sense, the mathematical model of the new higher-level emergence will be a system 

of equations of component qualities, the integrity of which is ensured by positive or 

negative feedbacks between different state equations. 

10. The very structure of the mathematical model of the activity of the human system in the 

form of systems of state equations with feedbacks makes that approach suitable for 

solving the problem of emargence of any complexity and scale. 

Continuation of work 

The mathematical models discussed in this paper can qualitatively and quantitatively adequately 

explain the phenomena of linear emergence, but they cannot be used to quantify the emergence 

of non-linear and probabilistic nature. 

On the other hand, the linear emergence methods presented in this work, based on the basic 

balances of people's lives and activities, can serve as a basis for the improvement of 

mathematical models in different problem areas. 
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From such problematic areas, the following will be presented in parts two and three of this 

article: 

- Development of mathematical models of nonlinear emergence by the method of state 

equations, 

- Development of mathematical models of probabilistic emergence and risk assessment of 

non-emergence based on the method of state equations, 

- Development of dynamic or time-dependent mathematical models of emergence based on 

the method of state equations. 
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