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Abstract 
 

In the article the disadvantages of the logical and probabilistic method (LPM) for assessment risk and safety 
in socio-economic systems are described, namely, the assumption of the independence of events, 
"conjunction error", the subjectivity of experts in event tree construction. Proceed from properties of socio-
economic systems, the author proposes to use interval estimations for probabilities of initiating events 
instead of point ones. Interval estimations allow avoid significant limitations in applying LPM for risk 
management in socio-economic systems which are caused by subjectivity of experts and “conjunction 
error”. The semantics of the formula for calculation the probabilities of events is determined by the rules 
of addition and multiplication of probabilities, and operations are performed according to the rules of 
interval mathematics. Examples of calculations of interval probabilities of events are given using numerical 
examples. The scientific foundation of the interval estimations of probabilities based on the axiomatics of 
the probability space and the space of events by A.N. Kolmogorov and sigma-algebra by E. Borel are stated.   
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1. Introduction 

The work (Ryabinin, 2007) describes the logical-probabilistic method (LPM), similar to the fault 

tree analysis (FTA) method described in (Vesely et al., 1981, 2002; Xing & Amari, 2008), but including 

four procedures: construction an event tree (risk scenario), construction a logical risk function, construction 

a probability risk function, calculation probabilities of derivative and final events. 

The LPM method has become widely used for risk and safety management in technical systems 

(Ryabinin, 1991; Ryabinin & Cherkesov, 1981), the idea was developed in works (Henley & Kumamoto, 

1992). 

However, FTA and LPM methods have not been previously applied for risk and safety management 

in socio-economic systems. 

To the end of XX century, risk management technologies in socio-economic systems have achieved 

a new stage of evolution due to the new methods for quantitative risk assessment. New tasks have arisen 

for assessment and analysis of reliability of economic systems (companies, banks, borrowers, government 

bodies). Risk in business is a common and widespread phenomenon; therefore, often there is sufficient 

statistics of homogeneous cases to assess probabilities of initiating events. The use FTA or LPM in 

economics is promising great opportunities for risk management. 

The LPM method for risk management in socio-economic systems was applied for the first time by 

Solozhentsev (2017) (safety management of socio-economic systems), Alexeev V.A. (logical and 

probabilistic risk management for security portfolio, synthesis and analysis of probabilities) (Karaseva & 

Alexeev, 2015), Karasev (2015) (assessment and management of credit risk in a bank), Karaseva (2016) 

(operational risk management in the bank). 

Risk management in socio-economic systems has features which cause requirements to modify the 

LPM method for assessment and analysis of risk in socio-economic systems. In order to better understand 

the specifics of the problem, let present a brief analysis of the common features and differences between 

technical and socio-economic systems. 

2. Problem Statement 

The concept of "system" is widely used and plays a great role in various sciences: chemistry, physics, 

biology, etc. From the viewpoint of system analysis (Wasson, 2016), in socio-economic sciences this 

concept reflects such characteristics as connections, integrity, internal and external environment, functional 

role of elements. 

In this article, we will understand the system as an integral set of elements and connections between 

them. Note, this definition does not reflect the diversity of systems. The elements can be different and the 

connections between them are various, and the nature of the integrity also differs in different systems. 

A technical system (TS) is an integral set of a finite number of interconnected material objects, 

which has consistently interacting sensory and executive functional parts; a model of predetermined 

behaviour of objects in the space of equilibrium stable states; and the ability, when object is in, at least, one 

of states (target state), independently perform the consumer functions provided by system’s design in 

normal situation. 
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The socio-economic system (SES) is an integral set of interrelated and interacting social and 

economic institutions (agents) and relations regarding the production, distribution and consumption of 

material and non-material resources, exchange and consumption of goods and services. 

General properties: 

1. Completeness. A change in any component of the system affects its other components and leads 

to a change in the system as a whole. Such phenomenon can be traced, for example, in the SES, in the case 

of dialectical interaction of productive forces and production relations -   if production relations and the 

whole system change then the means of production change. That is, in this case, there is an interdependence 

of the economic system components. 

2. Hierarchy. This means that each system can be considered as an element of a higher order. For 

example, the economy of Russia, as a transitional one, can be considered as one of the elements of the 

world economy. 

3. Integrity. The system as a whole has properties which are absent in system’s elements (for 

example, the labour division, which is possible only with a certain number of producers). The vice versa 

situation is also true, elements can have properties that are not valid in the system as a whole. 

As we can see, TS and SES have a number significant features, the main difference is a more 

comprehensive definition of a SES in the ontological sense. TS can be part of a socio-economic system. 

Also, the human factor plays a large role. The last aspect is especially important for our research. 

In modern practical literature, the concept of "socio-economic system" is often identified with the 

concept of "organization" (Daft, 2012). This is convenient for description and explanation all phenomena 

of the SES, because the organization in a generalized representation determines all parameters and features: 

the human factor, integrity, connections, structure, etc. 

The concept of "organization" is considered as a relatively isolated structural unit in the general 

system of social labour division. The criteria for such isolation are economic independence, organizational 

integrity, management system, aims and the overall result of joint activities of people. 

Organization can be considered as a separate firm, enterprise, office, joint-stock company, bank, 

company (for example, insurance, tourism, etc.), as well as structural divisions of the public administration 

bodies. 

3. Research Questions 

For complex TS, the structural model (event tree) is constructed as a functional integrity scenario 

(Ryabinin, 2007), which includes system elements and connections between them (the structure and 

topology of the system are taken into account), or according to the dangerous state scenario (Solozhentsev, 

2013). If the event Zi, i = 1, ..., n corresponds to working state of the i-th element of the system, and event 

Y is the working state of the system, then the logical connections between events can be interpreted as 

analogs of serial and parallel connection in electrical engineering. 

For complex SESs, event trees are constructed under the structure of the initial data, for example, 

credits in research (Karasev, 2015); under the organizational structure of the company (Solojentsev & 

Karasev, 2010), under the diagram of business processes - as a further development of the EPC notation 

(Karaseva, 2018) (EPC notation is described in (Aalst van der, 1999); or under the scenario of the a 
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dangerous state evolution (Solozhentsev, 2013). As we can see, in socio-economic systems, the ways of 

constructing event trees are more diverse. 

Based on the systemic properties of SESs described above, we make conclusion, events in SESs can 

have different nature, and can be not only “failure” type. The work (Solozhentsev & Karasev, 2020) 

describes various types of models corresponding to different event trees, and also makes an attempt to 

classify initiating events in SESs. Seven types of events have been introduced. 

Although there are large number of successfully solved problems in TSs (Dugan et al., 1993) and 

several ones in SESs (Solozhentsev, 2017), FTA and LPM methods have critical disadvantages: 

1. Methods can be applied only if events are independent. Technological failures are often caused 

by independent events, but in economics, many initiating events are dependent. 

2. Methods do not take into account the time factor in the logical connection "AND". Calculation 

with use of probabilistic function (multiplication of probabilities) gives us the probability of the 

simultaneous realization of events, which, in real life, practically does not happen. As a rule, events occur 

one after the other at different times, in any sequence, and the probability of the final event cannot be equal 

to the probability of their simultaneous realization (the so-called "conjunction error"). 

3. The problem how to obtain the probabilities of initiating events. Estimation of probabilities of 

initiating events is a nontrivial task in the absence of sufficient statistical data. Expert assessments are 

subjective and imprecise (Nichols, 2017). The probabilities are constantly changing over time. The model 

should be retrained periodically (Karasev, 2015). 

4. Subjectivity when a tree of events (structural risk model) is constructed. Event trees, constructed 

under scenarios of a system’s dangerous state evolution, reflect the subjective opinion of the developer, his 

personal mind about the nature of the disaster and the set of initiating events. Each expert in his own way 

defines the set of events leading to the final event. 

We need to develop the modification for LPM to overcome the difficulties be applied in risk 

management in in socio-economic systems. 

4. Purpose of the Study 

The above-mentioned problems have already arisen in the task of assessment and analysis the risk 

of the successful realization St. Petersburg Development Strategy until 2030. In the work (Karasev, 2016), 

a tree of events, logical and probabilistic models for the realization of the Strategy were constructed, the 

probability of successful realization of the Strategy was calculated and this probability is too low. The 

reason is in the large number of random initiating events (realization of individual development programs) 

connected by a logical connection "AND". As a result, the probability of a final event (realization of the 

Strategy) was calculated as the probability of the simultaneous realization of all initiating events. In fact, 

the Strategy is considered as successfully realized when all the initiating events realize (all development 

programs will be successfully completed), but the problem is that the programs are being realized during 

several years and are not completed at one time moment. All initiating events realize at different times, but 

a derivative event realizes when all initiating events will be realized. 

There are difficulties in the practical application of FTA and LPM. Difficulties are associated with 

the multivariate construction of scenarios, the dependence of events and various sequence of their 

http://dx.doi.org/
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realization. In Yellman et al. (1975), a method for calculations in case the sequence of events is proposed. 

This is a method of exhaustive search for the set of initiating events and their possible combinations. This 

method is technically difficult to implement for a complex system. 

5. Research Methods

Now, let look the problem of event dependency. Let assume some initiating events are dependent.

Then every event will have several probabilities of realization: one of them is the probability of the 

realization regardless of other events, the others are the probabilities of the realization of the considered 

event, depending on the realization of other events. We denote the set PAi as the non-empty set of 

probabilities of the event Zi, PAi = {P(ZiZ1), P(ZiZ2), P(ZiZ3), …, P(Zi), …, P(ZiZn-1), P(ZiZn)}, i = 

1, ... , n.. If we order the elements of this set (probabilities) in ascending, then we get an ordered set PАi 

(cortege), each element P(Zi) from PАi is located inside the closed interval [P(ZiZj)min; P(ZiZj)max], where 

P(ZiZj)min and P(ZiZj)max are respectively the minimum and maximum probabilities of realization Zi, i = 

1,…, n, j = 1,…, n from the set PAi. 

To solve the problem of event dependence, we propose use interval estimations of probabilities 

instead of point estimations. If we have the probability of initiating event as interval, the boundary values 

are in the range [0; 1], then we can take into account the influence other events on this probability, at least, 

those of them which are associated with this event by correlations. Also, the problem of time factor in the 

sequence of events ("conjunction error") is being solved. 

Each initiating event Zi, i = 1, …, n is assigned an interval probability P(Zi) = [P(Zi min); P(Zi maх)], i 

= 1, …, n. The calculation of the interval probability P (Zi) of the derivative event Zi is performed according 

to the rules of addition and multiplication of probabilities (Ventsel, 1969) and interval mathematics (Alefeld 

& Herzberger, 1983). The semantics of the formula for the calculation is determined by the rules of addition 

and multiplication of probabilities, and the arithmetic operations are performed according to the rules of 

interval mathematics. 

Here are the rules for arithmetic operations with intervals of real numbers: 

Addition: [a, b] + [c, d] = [a + c, b + d] 

Subtraction: [a, b] - [c, d] = [a - d, b - c] 

Multiplication: [a, b] × [c, d] = [ min(ac, ad, bc, bd), max(ac, ad, bc, bd) ] 

Division: [a, b] / [c, d] = [ min(a/c, a/d, b/c, b/d), max(a/c, a/d, b/c, b/d) ] 

The distributive property is valid place in a weakened form: X(Y+Z) ⊂ XY + XZ. 

Addition and multiplication of intervals are commutative and associative. 

Now let demonstrate operations with interval estimations of probabilities using several numerical 

examples. 

5.1. Calculation of the interval value of the final event probability with independent initiating 

events (logical connection "OR")

Suppose we have initiating events Z1, Z2, Z3, the realization at least one of them leads to event Y, 

while the probabilities of events cannot be determined precisely and we use approximate interval estimates. 
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Logical function is: 

 Y = Z1 ∨ Z2 ∨  Z3  (1) 

Probabilistic function is: 

 P(Y) = 1 – (1- P(Z1))(1- P(Z2)) (1-P(Z3))  (2) 

Let probabilities of initiating events Z1, Z2, Z3 are equal to following interval values: P(Z1) = [0.2. 

0.4], P(Z2) = [0.4. 0.8], P(Z3) = [0.1. 0.16]. 

Then by formulas of addition and multiplication of probabilities we obtain: 

Q(Z1) = 1 - P(Z1) = [1, 1] – [0.2. 0.4] = [1 - 0.4. 1 – 0.2] = [0.6. 0.8] 

Q(Z2) = 1 - P(Z2) = [1, 1] – [0.4. 0.8] = [1 - 0.8. 1 – 0.4] = [0.2. 0.6] 

Q(Z3) = 1 - P(Z3) = [1, 1] – [0.1. 0.16] = [1 - 0.16. 1 – 0.1] = [0.84. 0.9] 

Q(Z1) Q(Z2) Q(Z3) = [0.6. 0.8] × [0.2. 0.6] × [0.84. 0.9] = [min (0.12. 0.36. 0.16. 0.48), max (0.12. 
0.36. 0.16. 0.48)] [0.84. 0.9] = [0.12. 0.48] [0.84. 0.9] = [min (0.1. 0.108. 0.4. 0.432), max (0.1. 0.108. 

0.4. 0.432)] = [0.1. 0.432] 

P(Y) = [1. 1] - [0.1. 0.432] = [1 - 0.432. 1 - 0.1] = [0.568. 0.9] 

5.2. Calculation of the interval value of the final event probability with dependent initiating 

events (logical connection "OR") 

Let now we can estimate exactly the probabilities of initiating events Z1, Z2, Z3, but they are 

dependent and their probabilities have the following values: 

P(Z1) = 0.15.   P(Z1 Z2) = 0.21.   P(Z1 Z3) = 0.4; 

P(Z2) = 0.36.   P(Z2 Z1) = 0.48.   P(Z2 Z3) = 0.18; 

P(Z3) = 0.22.   P(Z3 Z1) = 0.15.    P(Z3 Z2) = 0.28. 

For every Zi we have ordered set of probabilities PAi, i = 1, ..., 3: 

PA1 = {0.15, 0.21, 0.4}; PA2 = {0.18, 0.36, 0.48}; PA3 = {0.15, 0.22, 0.28}. 

From sets PAi we obtain interval values of probabilities 

P(Z1) = [0.15, 0.4]; 

P(Z2) = [0.18, 0.48]; 

P(Z3) = [0.15, 0.28]. 

Then by probabilistic function (2) and rules of addition and multiplication of intervals we obtain: 

Q(Z1) = 1 - P(Z1) = [1. 1] – [0.15. 0.4] = [1 - 0.4. 1 – 0.15] = [0.6. 0.85] 

Q(Z2) = 1 - P(Z2) = [1. 1] – [0.18. 0.48] = [1 - 0.48. 1 – 0.18] = [0.52. 0.82] 

Q(Z3) = 1 - P(Z3) = [1. 1] – [0.15. 0.28] = [1 - 0.28. 1 – 0.15] = [0.72. 0.85] 

Q(Z1) Q(Z2) Q(Z3) = [0.6. 0.85] × [0.52. 0.82] × [0.72. 0.85] = [min (0.312. 0.495. 0.442. 0.697), 
max (0.312. 0.495. 0.442. 0.697)] [0.72. 0.85] = [0.312. 0.697] [0.84, 0.9] = [min (0.262. 0.281. 0.585. 

0.627), max (0.262. 0.281. 0.585. 0.627)] = [0.262. 0.627] 

P(Y) = [1. 1] - [0.27. 0.63] = [1 - 0.627. 1 - 0.262] = [0.373. 0.738] 
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5.3. Calculation of the interval value of the final event probability with dependent initiating 

events (logical connection "AND")

Suppose we have initiating events Z1, Z2, Z3, Z4, the realization of all these events leads to event Y. 

Logical function is:  

  Y = Z1 ∧ Z2 ∧ Z3 ∧ Z4  (3) 

Probabilistic function is: 

 P(Y) = P(Z1) P(Z2) P(Z3) P(Z4)  (4) 

Let all events are dependent. Then for each events Zi, i = 1, …, 4 we have four probabilities: 

probability of Zi realization and three probabilities of Zi realization if other events are realized. 

Let probabilities are equal: 

For Z1: P(Z1) = 0.12. P(Z1/Z2) = 0.21. P(Z1/Z3) = 0.06. P(Z1/Z4) = 0.4; 

For Z2: P(Z2) = 0.23. P(Z2/Z1) = 0.6. P(Z2/Z3) = 0.18. P(Z2/Z4) = 0.53; 

 For Z3: P(Z3) = 0.16.  P(Z3/Z1) = 0.17. P(Z3/Z2) = 0.09. P(Z3/Z4) = 0.22; 

For Z4: P(Z4) = 0.67. P(Z4/Z1) = 0.4. P(Z4/Z2) = 0.14. P(Z4/Z3) = 0.71. 

Let choose from every cortege PAi {P(Zi), …, …} minimal and maximal values. These values are 

provided the interval probabilities for events Zi. 

P(Z1) = [0.06; 0.4]; P(Z2) = [0.18. 0.6]; P(Z3) = [0.09. 0.22]; P(Z4) = [0.14. 0.71]. 

Then, corresponding to (4): 

P(Y) = [0.06; 0.4] × [0.18. 0.6] × [0.09. 0.22] × [0.14. 0.71] = [min (0.01. 0.036, 0.072. 0.24), max (0.01. 
0.036. 0.072. 0.24)] × [min (0.013. 0.064. 0.031. 0.156), max (0.013. 0.064. 0.031. 0.156)] = [0.01. 0.24] 
× [0.013. 0.156] = [min (0.00013. 0.00156. 0.00312. 0.0374], max (0.00013. 0.00156. 0.00312. 0.0374] = 

[0.00013. 0.0374]. 

Probability P(Y) in case of independent events Z1, Z2, Z3, Z4 with interval probabilities is calculated 

similarly by formula (4). 

5.4. Calculation of the interval value of the final event probability with independent initiating 

                 events with a point probabilities (logical connection "AND")

Suppose events Z1, Z2, Z3, Z4 are independent and their probabilities are determined precisely, but 

events realize at different times. The final event Y realizes if all four events Z1, Z2, Z3, Z4 were realized. 

Events Z1, Z2, Z3, Z4 realize in a different sequence, in total, there are 16 possible sequences exist. 

Then, at each time t, the probability of event Y will be determined by the smallest probability of those event 

that have not yet realized. Therefore, at initial time t0, the probability of event Y will be determined by the 

interval value [P(Zi)min, P(Zi)max], i = 1, …, 4. 

Let probabilities of events Z1, Z2, Z3, Z4 are equal to: 

P(Z1) = 0.12. P(Z2) = 0.23. P(Z3) = 0.16. P(Z4) = 0.04. 

Then a priory probability P(Y) in initial time of system’s functioning t0 will be determined by 

interval value 
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P(Y) = [0.12. 0.23]. 

In case logical connection “AND”, interval probabilities allow to eliminate disadvantage FTA and 

LPM, which cannot get objective result with traditional point probabilities due to sequential realizations of 

events. 

Let consider example 2 (from section 2) again. Let interval probabilities of initiating events are 

equal:   

P(Z1) = [0.5; 0.7], P(Z2) = [0.15; 0.3], P(Z3) = [0.1; 0.2] 

P(Z5) = [0.4; 0.7], P(Z6) = [0.25; 0.35], P(Z7) = [0.2; 0.4], P(Z9) = [0.11; 0.23]. 

Then, using the rules of interval arithmetic (Alefeld & Herzberger, 1983), rules of calculation 

probabilities (Ventsel, 1969) and formula (4), we obtain the following interval probabilities of derivative 

events: 

P(Z4) = [0.0075; 0.042], P(Z8) = [0.404; 0.626], P(Z10) = [0.681; 0.914]. 

Note, the point probabilities, previously obtained in example 2, are within the intervals obtained in 

the second calculation. 

Thus, interval probabilities allow to apply the FTA method for calculation and analysis of risk in 

case of dependent events. All limitations can be overcome.   

6. Findings 

Construction an event tree, according to the scenario of the dangerous system’s state evolution, 

depends on the experience and knowledge of expert or risk manager and contains large share of subjectivity. 

Experts sometimes neglect certain events that can lead to disaster. This phenomenon is explained by the 

qualifications of the experts, the impossibility of a complete enumeration of the space of events and problem 

in the assessment of probabilities due to the incompleteness of the initial information. As a rule, event trees 

in socio-economic systems are scenarios that reflect the opinions of people. 

In SESs, like in TSs, there is no clear criterion for the correctness of the scenario, many details 

depend on the subjective opinion of the expert who constructs the scenario. Different experts will construct 

different scenarios and include different events in the tree. Nevertheless, there is a certain set of events that 

most experts will definitely include in the model, for example, events associated with changes in 

macroeconomic indicators, market indexes, events of a political situation or natural phenomenon, etc. 

For the practical application of scenario event-driven management of risk and safety in SESs 

(Solozhentsev, 2017), we need to solve a complex problem, namely, to identify significant initiating events 

from the entire set of events and their probabilities. 

Such events form a closed subset Z of the finite space of possible random events Ω, see Figure 1, 

the so-called Borel’s subset (Debs & Raymond, 2009). The Borel sigma-algebra (σ-algebra) of random 

events contains many “simple” sets: all intervals, half-intervals, segments and their countable combinations. 
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 Space of random initiating events 

Set Z, whose elements are subsets of the set Ω (not necessarily all), is called an σ-algebra if the 

following conditions are satisfied: 

 

1. Ω ∈ Z, - (σ-algebra of events contains a reliable event); 

2. If A ∈ Z, then A  ∈ Z - together with any event, the σ-algebra contains the opposite event; 

3. If A1, A2, …, An ∈ Z, то A1 ∪ A2 ∪ … ∪ An ∈ Z - together with any countable set of events, 

the σ-algebra contains their union. 

 

Random events that are not included in the event tree (scenario) form the space of latent events L, 

i.e., the following relations hold: 

L = Ω / Z,  Ω = L ∩ Z. 

These events are not taken into account in scenarios; they play the role of unconsidered events 

(hidden, implicit factors, processes, phenomena). Therefore, they are not included in the model - event 

trees. Their probabilities are unknown and their nature is also unknown.  

In theory, we can introduce a number of fictitious events into the model (set L1 in Figure 1) to take 

into account the latent events of the set L and calculate the risk by interval probabilities of their realization, 

using, for example, the intuitive Fermi method, described in (Poundstone, 2012). To do this, we use all 

available information about other random events of the set Ω, the current parameters of the system S and 

the parameters of the environment E. 

If we consider the topology of the risk structural model (event tree, scenario of a dangerous state 

evolution) in SESs, then, in general, we will see the graph G: = (Z, A), where Z is the set of vertices of the 

graph G, A is the set of arcs of graph G. Vertices Z1, Z2, …, Zn-1 are events, and the graph is a event tree. 

Each of the events Z1, Z2, …, Zn-1 can be either a separate initiating event or a subgraph. 

If the set of fictitious events L1 = {Z1 L1, Z1 L1, …, Zk L1}, corresponding to latent events, is included 

in the graph, we obtain the graph G: = (V, A), where V: = Z ∪ L1, L1 ⊆ L, Z ∩ L1: = 0. 

This approach complicates the event tree and does not solve the problem of estimation the 

probabilities of rare events or events that are absent in statistics. 
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The solution of the problem is the use of interval probabilities. According to Kolmogorov's 

axiomatics (Kolmogorov, 1956), the probabilistic space is given by the set Ω, σ-algebra and a function P 

defined on Ω, which assigns to each event B ∈ Ω  the value P(B), which is the probability B. 

In our case, for the set of events Z= {Z1, Z2, …, Zn} we have a function P(Z) with the domain 

dom(P(Z)), and for the set L= {L1, L2, …, Lk} accordingly, we have a function P(L) with domain dom(P(L)). 

The space Ω is finite, the transition from point values of the function P(Z) to interval values leads 

to extension dom(P(Z)) and a simultaneous narrowing dom(P (L)). 

Since the functions are defined on a finite space, in some cases dom(P(Z)) covers the dom(P(L)), 

which leads to an implicit consideration of probabilities of latent events in the probabilistic functions (2) 

and (4). 

Determining new events from L and their probabilities, we also change the structure of the 

probabilistic space of random events Ω. Determining the Borel subsets of events Z, we change the 

multidimensional state space of the system S.   

7. Conclusion 

The problem of accurate estimation of probabilities due to the poor statistics of homogeneous events 

and their outcomes was noted in (Karasev, 2019). In the same work, the author proposes to use interval 

probabilities instead of point ones and a numerical example is given. 

For some frequent events (assessment of credit risk in a bank, forecasting stock returns), we can 

collect statistics of homogeneous cases, which is applied to estimate probability using the frequency of 

events as a first probability approximation (Karasev, 2015). Probability estimations are used as arguments 

of a probabilistic function in a LPM approach, described in (Ryabinin, 2007). 

Accurate point estimations of the probabilities of events in the set Z can be obtained using statistical 

data (Karasev, 2015) or expert estimations by the method of randomized summary indexes (Karaseva & 

Alexeev, 2015). In most cases, there is impossible to obtain accurate point probabilities, but we can estimate 

the upper and lower limits of these probabilities. Similar way was offered in (Karaseva, 2016) to calculate 

capital reservation volume for operational risk in banks as interval value. 

Therefore, to simplify calculations, it is more effective to calculate the interval value of the 

probabilities P(Zi), based on the values [P(Zi)min; P(Zi)max], i = 1, …, n. Moreover, the Fermi method and 

the method of randomized summary indexes are convenient to obtain expert interval estimations. 

The use of interval probabilities allows overcome several disadvantages of methods FTA and LPM, 

namely: 

 

 taking into account the time factor in the logical connection "AND"; 

 the ability to calculate probability of a final event in the case of dependent initiating random 

events; 

 subjectivity of experts in construction event trees (risk scenario). 

 

The last disadvantage is partially eliminated due to the implicit consideration of the influence of 

latent events in the interval estimation of the probability. The probabilistic space for events Z corresponds 
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to set of probabilities P. The set of interval estimations expands the set P, transforming P from a strict set 

to a fuzzy one; the expansion P leads to cover partially the probabilistic set of latent events L1. Extension 

P leads to a change in the structure of the probabilistic space of random events Ω, this follows from the 

postulates of the Borel σ-algebra of events. 

The article contains examples of calculations for logical connections "AND", "OR" for cases of 

dependent and independent initiating events, their probabilities is represented by both a point value and an 

interval one. The possibility of calculation interval probabilities of final events is shown. 

The proposed adaptation of the FTA and LPM methods does not reject the traditional approach using 

point estimations of probabilities. If it is possible to estimate the probability accurately, then point 

estimations should be used, in other cases - interval estimations. Author suggests always use interval 

estimations in case of event dependencies and logical connections "AND" to obtain adequate values of the 

probabilities for derivative and final events. 

After obtaining an interval estimation of the probability, a transition to a point estimation is always 

possible. The way of such transition is described in (Uzhga-Rebrov & Kuleshova, 2020). 

The interval estimations of probabilities also simplifies to obtain probabilities of initiating events by 

experts, for example, by the method of summary randomized indexes (Karaseva & Alexeev, 2015). 

Of course, interval estimations of probabilities lead to a decrease in accuracy, but we note, most of 

the initial data for probabilistic models are obtained by expert way (due to insufficient volume of statistical 

data), which leads to a significant decrease in the accuracy and subjectivity of estimations. 
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