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Abstract. The article deals with the automated systems providing information 

services. To describe the operator’s activities, functional networks of Professor 

Anatoly Gubinsky were used. Models and technology for estimating the human 

operator reliability were obtained. Computer experiments were conducted. The 

possibility of taking into account the influence of the structures of activity algo-

rithms, working conditions and operator qualifications is shown. Results will be 

useful to reduce the number of human operator’s errors and to search for ergo-

nomic reserves to improve the efficiency of information support systems. 
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1 Introduction 

In the conditions of the fourth industrial revolution the problem of quality and effi-

ciency of access to information resources increases [1-3]. Undisclosed sources of 

efficiency can be found if there is an opportunity to conduct a thorough study of the 

"human factor"[4-8]. 
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2 Problem Statement 

In this regard, the purpose of this work is based on the analysis of real contact centers 

that provide access to information resources:  

- to analyze and describe all  options of operators activity including search for caus-

es of accidents and elimination of services quality violations;  

- to substantiate the concept and method of accounting for the human factor ;  

- to describe the possibilities of computer simulation and analysis of options for the 

activities of operators 

3 Results 

 

3.1 Justification of the Need to Support Decision-Making on the Organization 

of the Activities of Operators  

Ergonomic research of control systems and contact centers that provide access to 

information resources [7] revealed: 

- presence of alternative algorithms of operators’ activity; 
- significant influence of operator’s skills, structure of algorithms of operators’ 

activity and working conditions on the quality of functioning. 

Often, there is no decision support systems in the field of recommendation concerning 

the organization of the operator’s activities based on the assessment of reliability and 

time of activity. 

If we analyze all possible activity structures, their description and quality statistics, 

we will be able to estimate the time and the inerrancy of the implementation of in-

coming applications.  

For this we need [7,11,12]: 

- mathematical models for describing and evaluating activities; 

- computer technology for designing activities. 

3.2 Formalized Description and Assessment of Reliability for the Activities of 

Operators 

Methodology of the functional network as a model of human activity. The most 

effective activity modeling apparatus is a functional network by prof. Anatoly Gubin-
sky [9-11]. The modeling of elementary actions of operators and automatics is carried 

out using typical functional units (TFU).The most common of these are the "work 

operation" with the designation "rectangle", "control operation" with the designation 

"circle", and "alternative operation" with the designation "rectangle with several out-

puts". A complete description of TFU models is given in [9]. The functional network 

(FN) that describes the algorithmic activity of the human operator is built of those 

TFU. Mathematical models for accuracy and run-time estimation for typical function-

al structures have been obtained. Examples of models (accuracy and run-time estima-

tion ) for (TFS) are given in Table 1.  
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3. Functional struc-
ture  "An operation 
with action control 
and without re-

strictions on the 
number of cycles" 
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* - Subscripts in formulas correspond to the type (operating course – p; course of 

control - k) and / or to the number of TFU. 

 

Here:  

B1 - the probability of error-free handling operation; 



K11 - the probability of recognizing the correct operations performing; 

K00 - the probability of detecting any errors; 

M(T)- mathematical expectation of the operational run-time; 

D(T) - the variance of the operational run-time. 

These models are used to evaluate the entire FS. The estimation is carried out by the 

method of folding (reduction) FS [8, 10]. 

Examples of Alternative Embodiments of the Functional Element in the Custom-

er’s Application Processing.  

A content analysis. Let’s consider operator’s activity organization in the sphere of 

public Internet services. Operator implements the application for "services restora-

tion". 

This activity can be represented as an algorithm of operation groups [7]: 

 service application reception, 

 customer's problem analysis, 

 solution, 

 informing the client about the results of the implementation. 

Examples of formal “problems elimination” models. The content analysis of instruc-

tional subsystem of real processes was carries out. It revealed basic algorithms used 
by operators in case of admission applications for the removal of problems in the IT 

services. Some of these algorithms are summarized in Table 1. 

Problem 1 - Limited Internet access due to the failure to notify about payment. 

Problem 2 - Lack of Internet access (due to the client hardware problem). 

Problem 3 - Lack of Internet access (due to the company's equipment problem). 

Problem 4 - Restricted access to digital television due to the non-payment. 

Table 2 provides a detailed description of the troubleshooting transactions. 

Estimation of algorithm implementation reliability (problem 4). Here is an example of 

estimation procedure. Algorithm of activities is given (Table. 1, column 4).  Affecting 

factors are: qualification of operators and their working conditions. 

Initial data formation. We have the system providing access to computer networks. 

Initial data is generated from the system’s statistical database. These data are given in 
Table. 3.  

Since working conditions (noise, vibration, lighting, tasks complexity, congestion 

degree, work in a queue, and etc.) substantially affect the operational quality [8-10], 

we use the correction factors method [9, 11, 12]. It allows calculating predicted relia-

bility and runtime values for work severity categories greater than 1 (There are 6 cat-

egories. The higher category - the worse working conditions [9]). Table 3 shows reli-

ability values for 1, 3 and 6 categories only (corresponding integral scores of work 

severity – 18.3; 43.3; 60).  

Software Development. To solve this problem, we developed a special information 

system [7, 12] based on the technology of functional structures typing and the folding 

of network functions (Table 1). 
Examples of ComputerModeling. Videogame of functional network reduction re-

sults (obtained using our software) is shown in Fig. 1. A fragment of the calculation 

of the results is given in table 5.The dependence between probability of timely and 

error-free execution of the algorithm and the time of decision-making of the operator 

is given in Fig. 2–5. 

 



Table 2. Examples of formalized description of activity algorithms (in terms of [9]). 

Problem 1 Problem 2 Problem 3 Problem 4 

 
 

 

 

 

 

  
 

 

Table 3. Descriptions of operational troubleshooting algorithms. 

 Problem 1 Problem 2 Problem 3 Problem 4 

P1 Receiving an 

application of 

Internet access 

restriction  

Receiving an application on 

Internet access restriction  

Receiving an application 

on Internet access re-

striction  

Receiving an applica-

tion on Internet access 

restriction  

P2 Execution of the 

application 

Execution of the application Execution of the applica-

tion 

Execution of the appli-

cation 

P3 Problem analysis Problem analysis Problem analysis Problem analysis 

P4 Search for infor-

mation about 

payment 

Analysis of the client's con-

nection to the Internet  

Analysis of the client's 

connection to the Internet  

Analysis of the client's 

connection to the 

Internet  

P5 Restoring of 

Internet access 

Informing client about prob-

lems with user equipment  

Informing client about 

problems with company 

equipment  

Informing the client 

about the need to pay 

for services 

P6 Informing the 

customer about 

problem solution 

PC restarting proposal  Clarification of the 

problem 

 

P7  Router restarting proposal  Problem solution  



 Problem 1 Problem 2 Problem 3 Problem 4 

P8  In case of no solution, in-

forming the customer of the 

need to call the master 

Additional troubleshoot-

ing operation  

 

P9  Making an application for a 

challenge to master 

In case of no remote 

solution by the operator, 

a challenge to master  

 

P10  Informing the customer about 

application accepting 

Informing the customer 

about application accept-

ing 

 

K1  Checking the customer in-

formation in the database 

Checking the customer 

information in the data-

base 

Checking the customer 

information in the 

database 

K2  Checking the solution of the 

problem after router restarting  

Monitoring of the tele-

communication system 

 

K3  Checking the solution of the 

problem after PC restarting  

  

 

Table 4. Quality performance indicators for some operations in the Task of eliminating the 

algorithm of 4 operators of different qualification (different categories of severity are possible). 

Indi- 

cator 

Desig- 

nation of 

data 

Operator 1  

(low qualification). 

Category of severity 

Operator 2  

(medium qualifica-

tion). Category of 

severity 

Operator 3  

(high qualification). 

Category of severity 

1 3 6 1 3 6 1 3 6 

P1 

В 0,94 0,89 0,65 0,95 0,89 0,65 0,96 0,9 0,66 

М, min 2,2 2,6 5,5 2,1 2,47 5,25 2 2,35 5 

D, min2 0.49 0,52 0,64 0,47 0,52 0,61 0,45 0,5 0,58 

P2 

В 0,97 0,91 0,67 0,98 0,92 0,67 0,99 0,93 0,68 

М, min 3,3 3,89 8,25 3,15 3,71 7,87 3 3,5 7,5 

D, min2 0,11 0,12 0,14 0,1 0,11 0,13 0,1 0,11 0,13 

P3 

В 0,95 0,89 0,66 0,96 0,9 0,66 0,97 0,91 0,67 

М, min 5,5 6,5 13,75 5,25 6,18 13,1 5 5,9 12,5 

D, min2 0,55 0,62 0,72 0,52 0,59 0,68 0,5 0,56 0,65 

P4 

В 0,967 0,91 0,67 0,977 0,92 0,67 0,987 0,93 0,68 

М, min 2,75 3,2 6,87 2,63 3,1 6,6 2,5 2,95 6,25 

D, min2 0,33 0,35 0,4 0,3 0,34 0,39 0,3 0,34 0,39 

P5 

В 0,96 0,9 0,67 0,97 0,91 0,67 0,98 0,92 0,67 

М, min 2,2 2,6 5,5 2,1 2,5 5,25 2 2,35 5 

D, min2 0,44 0,48 0,57 0,42 0,49 0,55 0,4 0,43 0,52 

K1 

К11 0,975 0,95 0,9 0,985 0,96 0,91 0,995 0,992 0,99 

К00 0,978 0,961 0,95 0,988 0,975 0,96 0,998 0,99 0,975 

М, min 3,3 3,45 3,7 3,15 3,25 3,5 3 3,2 4 

D, min2 0,22 0,4 0,68 0,21 0,3 0,67 0,2 0,4 0,7 



 

Fig. 1. An example of functional network reduction protocol for type 4 algorithm (highly 

skilled operator, severity category -1) 

Table 5. Results of the evaluation of technical support operators 

Indicator Decision- 

making 

time, min 

Operator 1. Category 

of severity 

Operator 2. Category 

of severity 

Operator 3. Category 

of severity 

1 3 6 1 3 6 1 3 6 

Probability of 

error-free per-

forming the 

algorithm B 

  0,872 0,72 0,25 0,9 0,74 0,26 0,93 0,79 0,35 

Mathematical 

expectation of 

the algorithm 

performing time 

M(t), min 

  20,57 26,2 58,2 19,3 24,5 50,7 15,2 20,6 45,1 

Variance of the 

algorithm run-

time D(t), min 

  10,09 15,1 30,1 8,95 14 29,4 3,3 11,7 20,5 

Probability of 

performing the 

algorithm in 

time Рtim(То) 

15 0,29 0,13 0,08 0,32 0,25 0,11 0,48 0,32 0,07 

21 0,52 0,30 0,11 0,58 0,40 0,16 0,96 0,51 0,12 

25 0,67 0,45 0,14 0,74 0,51 0,19 1,00 0,65 0,16 

29 0,80 0,61 0,17 0,86 0,63 0,23 1,00 0,76 0,22 

32 0,87 0,72 0,19 0,92 0,70 0,26 1,00 0,84 0,26 

40 0,97 0,91 0,27 0,99 0,87 0,36 1,00 0,95 0,40 

Probability of 

error-free and 

timely per-

forming the 

algorithm B 

В*Рtim (То) 

15 0,25 0,16 0,02 0,28 0,18 0,03 0,44 0,25 0,03 

21 0,45 0,26 0,03 0,52 0,30 0,04 0,89 0,41 0,05 

25 0,58 0,34 0,03 0,66 0,38 0,05 0,93 0,51 0,07 

29 0,70 0,41 0,04 0,77 0,46 0,06 0,95 0,60 0,09 

32 0,76 0,47 0,05 0,83 0,52 0,07 0,96 0,66 0,10 

40 0,85 0,59 0,07 0,89 0,64 0,09 0,99 0,75 0,15 



 

Fig. 2. The dependence between the probability of timely and error-free performing the algo-

rithm (problem 4 solution) and the decision-making time (for normal working conditions). 

 

Fig. 3. The dependence between the probability of timely and error-free performing the algo-

rithm (problem 4 solution) and the decision-making time (for the third category of work severi-

ty). 



 

Fig. 4. The dependence between the probability of timely and error-free performing the algo-

rithm (problem 4 solution) and the decision-making time (for the sixth category of work severi-

ty). 

 

Fig. 5. The dependence between the probability of timely and error-free performing the algo-

rithm (problem 4 solution) and the decision-making time for different work conditions (for the 

3 operators of high qualification). 

Examples of calculations are prepared on the basis of analysis of the work of specific 

provider centers located in Sumy (Ukraine) with the participation of the student of 

postgraduate education Krivodub Anna and the student Shapochka Julia (Sumy State 

University).  



4 Conclusion 

The work is done within the man-system approach to modeling automated systems, 
solving one of the practical problems of ergonomic support, which was formulated in 

[7]. 

Thus, we have laid the foundations of decision support for the organization of the 

activities of operators in automated systems. Scientific novelty consists in the fact 

that, unlike the existing intuitive methods, we used formal methods to describe and 

evaluate the reliability and timing of the functions. 

A new information technology was proposed, which should be useful for the practice 

of the work of contact centers. Results can also be extended to other types of auto-

mated systems. This will allow in the future to reduce the number of errors and acci-

dents caused by the human operator. 
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