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Abstract 

The paper deals with determining the final value of simple systems reliability. Simple 

systems, the systems with simple interconnections, can be divided into a sequence of series 

and/or parallel subsystems. The paper presents the basic functional relationships used to assess 

the reliability of simple systems, however, they are also essential for understanding more 

complex systems. The paper graphically shows and analyzes the final reliability of the systems 

depending on the arrangement of subsystems, and also those depending on the number of 

subsystems. 
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INTRODUCTION 

Reliability is one of the basic and positive attributes of the quality of technical products 

and services. In daily life, we often encounter the usage of the adjective "reliable", especially 

in connection with advertising and marketing. In technical sciences, the term reliability 

expresses the ability of a product/object to perform the required functions in a specified time 

and under prescribed conditions. 

A narrower definition of reliability in the electrical engineering industry [1] says: 

Reliability is a summary term used to describe availability and other factors that affect the 

availability. The reliability, maintainability and safety of maintenance are considered as the 

most important factors. 

Generally, under the term reliability we understand the probability of failure-free operation 

during a specified period of time, given the object has been operated in accordance with the 

prescribed conditions. According to the above definition, reliability cannot be quantified. Yet, 

the factors of reliability can be quantified. One of the most important reliability features is the 
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reliability function. Reliability can be characterized by several quantifiable indicators, such as 

e.g. failure rate, mean time to fault, mean time between faults, etc. 

The basis for the calculations of reliability indicators is the transformation of the 

technological scheme into a reliability model. Each system can be divided into 

elements/subsystems that have different functional and technological interconnections. In 

reliability, most problems are solved by using models consisting of two-state elements (failure 

state and failure-free state). In general, the failure of a subsystem can be expected to affect the 

failure of other subsystems. In that case, we talk about two-state subsystems with dependent 

faults. The situation in which subsystem failures are independent of each other is more common. 

Block diagrams, fault trees and event trees are most often used to display two-state models. 

The presented paper is focused on determining and comparing the reliability of simple two-

state models with independent occurrence of faults. The target function will be the reliability 

function R (t), which expresses the probability P of survival [2]: 

𝑅(𝑡) = 𝑃(𝑇 > 𝑡) = 𝑅𝑇(𝑡) ,                                                (1) 

where T marks the random time of the system (T = t +t , t is the length of the interval in the 

close vicinity of the selected value) and the failure-free system during the time interval (0, t), 

resp. at time t it is operable. The symbol P marks the probability. 

The reliability function expresses the probability of survival, and is an additional function 

to the cumulative distribution function FT (t). In the theory of reliability, the cumulative 

distribution function has the meaning of the failure function, resp. the function of the time to 

failure. 

𝑅𝑇(𝑡) = 1 − 𝐹𝑇(𝑡)                                                         (2) 

𝐹𝑇(𝑡) = 𝑃(𝑇 ≤ 𝑡) .                                                         (3) 

 

CALCULATION OF RELIABILITY FUNCTION OF SIMPLE SYSTEMS                            

USING BLOCK DIAGRAMS 

In the theory of reliability, the term of simple systems represents the systems that can be 

decomposed into a sequence of serially and/or parallel arranged subsystems (Fig. 1). We mark 

the reliability of subsystem with respect to the time t r1, r2 ...  ri ...  rn, where ri (0, 1). 

 
a) 

 
b)        c) 

 

Fig. 1 Block diagram of a system consisting of n subsystems 

a) series arrangement, b) parallel arrangement, c) combined arrangement 
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THE SERIES SYSTEM 

The series system is in a failure-free state if all its subsystems are operable. In a series 

configuration, a failure of any subsystem leads to a failure of the entire system. 

Let Ti (i = 1, 2 ..., n) be the time to the failure of the single subsystems. Given none of the 

subsystems fails before time t, then and only then the system does not fail before time t. For 

independent failures, the probability of simultaneous occurrence of events is given by the 

product of the probabilities of single events. 

𝑅(𝑡) = 𝑅𝑇(𝑡) = 𝑃(𝑇 > 𝑡) = 𝑃(𝑇1 > 𝑡 ∩ 𝑇2 > 𝑡 ∩ … ∩ 𝑇𝑛 > 𝑡) 

𝑅(𝑡) = 𝑅1(𝑡)𝑅2(𝑡) … 𝑅𝑛(𝑡) = 𝑟1𝑟2 … 𝑟𝑛 .                                        (4) 

In general, the following applies to the final reliability RS of the series system [3]: 

𝑅𝑆 = ∏ 𝑟𝑖
𝑛
𝑖=1  .                                                          (5) 

In reliability theory, the exponential distribution has exceptional position, which can be 

compared with the central position of the normal distribution, e.g. in quality control. In that 

case, the exponential distribution most often has the meaning of time to failure or time between 

failures. Instead of time, the fault event metric can also be given in the number of cycles, 

kilometers, etc. If the random variable is the time to failure, then the values of the random 

variable usually fall within the interval 0,). 

Considering the exponential distribution of the probability of a random variable t, the 

cumulative distribution function equals [4]: 

𝐹(𝑡, ) = 1 − 𝑒−𝑡 pre 𝑡 ≥ 0 

𝐹(𝑡, ) = 0              pre 𝑡 < 0                                               (6) 

 is the parameter of the scale for the exponential distribution. In that case, the following applies 

to the reliability function: 

𝑅(𝑡) = 1 − (1 − 𝑒−𝑡) = 𝑒−𝑡.                                             (7) 

The parameter  can also be interpreted as the failure rate  (t), which is constant for the 

exponential probability distribution. 

(𝑡) =
𝑓(𝑡)

𝑅(𝑡)
=

𝑒−𝑡

𝑒−𝑡 =  ,                                                  (8) 

where f (t) is the probability distribution density for the exponential distribution. From a 

statistical point of view, the parameter  expresses the number of monitored events in the short 

consecutive time unit, and its unit is (time) -1, (number of cycles) -1 and so on. 

For a series system, considering exponential distribution for each subsystem, the following 

applies: 

𝑅𝑆 = ∏ 𝑟𝑖
𝑛
𝑖=1 = ∏ 𝑒−𝑖𝑡𝑛

𝑖=1 = 𝑒−𝑡 ∑ 𝑖
𝑛
𝑖=1 = 𝑒−𝑆𝑡 , 

𝑆 = ∑ 𝑖
𝑛
𝑖=1 .                                                            (9) 

 

In the case of identical subsystems, if ri = r, for the final reliability we get: 

𝑅𝑆 = 𝑟𝑛                                                               (10) 

The following chart (Fig. 2) shows the dependence of the probability reliability of a system 

with series arranged identical subsystems on the number of subsystems. 
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As can be seen from relation (10) and the chart in Fig. 2, final reliability of the series system 

depends on the number of subsystems that form the system, and also on the level of reliability 

of single subsystems. For subsystems with a low value of the probability of reliability, the final 

system reliability is near to 0 (Fig. 2a). From this point of view, it is more interesting to draw a 

graphical dependence of the final probability of system reliability when considering the 

subsystems with a high value of the failure-free probability (Fig.2b). 

 

 
a) b) 

Fig. 2 Probability reliability of series system Rs depending on the number of identical subsystems 

 (ri = r): a) for r  (0; 1), b) r  (0,9; 1) 

THE PARALLEL SYSTEM 

The parallel system is in a failure state if all of its subsystems are no operable. In a parallel 

configuration, a failure of the last subsystem that was operational leads to the failure of the 

entire system. 

Let Ti (i = 1, 2 ..., n) be the times to the failure of the single subsystems. A failure of the 

system will occur before time t only if a failure occurred in each of the subsystems. For 

independent failures, the probability P of the simultaneous occurrence of events Ti  t is given 

by the product of the probabilities of single events. 

𝑃(𝑇 ≤ 𝑡) = 𝑃(𝑇1 ≤ 𝑡 ∩ 𝑇2 ≤ 𝑡 ∩ … ∩ 𝑇𝑛 ≤ 𝑡) = 𝑃(𝑇1 ≤ 𝑡)𝑃(𝑇2 ≤ 𝑡) …  𝑃(𝑇𝑛 ≤ 𝑡) 

𝑃(𝑇 ≤ 𝑡) = 𝐹1(𝑡)𝐹2(𝑡) … 𝐹𝑛(𝑡) = 𝐹𝑇(𝑡) .                                    (11) 

The probability P is expressed by the product of the cumulative distribution functions of 

the single subsystems. According to Equation (2), the following applies to the reliability of a 

parallel system: 

𝑅𝑇(𝑡) = 1 − 𝐹𝑇(𝑡) = 1 − (1 − 𝐹1(𝑡))(1 − 𝐹2(𝑡)) … (1 − 𝐹𝑛(𝑡)) .               (12) 

In general, the following applies to the resulting reliability of the RS parallel system [3]: 

𝑅𝑆 = 1 − ∏ (1 − 𝑟𝑖)
𝑛
𝑖=1 .                                                 (13) 

In case of identical subsystems, if ri = r, for the final reliability we get: 

𝑅𝑆 = 1 − (1 − 𝑟)𝑛 .                                                    (14) 

For a parallel system considering exponential distribution for each subsystem, the following 

applies [4]: 

𝑅𝑆 = 1 − ∏ (1 − 𝑒−𝑖𝑡)𝑛
𝑖=1  .                                              (15) 
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The following chart (Fig. 3) shows the dependence of the probability of reliability of a 

system with parallel arranged identical subsystems on the number of subsystems. 

 
a) b) 

Fig. 3 Probability of reliability of parallel system Rs depending on the number of identical subsystems 

 (ri = r): a) for r  (0; 1), b) r  (0; 0,5) 

THE COMBINED SYSTEM 

The combined system and its reliability is demonstrated by an example of a system 

consisting of 5 subsystems. The reliability is compared for 3 subsystems in series and 2 in 

parallel (Fig. 4a), and vice versa: 2 subsystems arranged in series and 3 in parallel (Fig. 4b). 

 

Fig. 4 Block diagram of a combined system consisting of 5 subsystems 

Reliability of the entire system is given by the basic equations for the reliability of serial 

or parallel arrangement. For the system in Fig.4a), reliability equals: 

𝑅𝑆𝑠𝑒𝑟 = 𝑟1𝑟2𝑟3[1 − (1 − 𝑟4)(1 − 𝑟5)].                                   (16) 

Consider identical subsystems, after modification, we get: 

𝑅𝑆𝑠𝑒𝑟 = 2𝑟4 − 𝑟5.                                                   (17) 

For the system in Fig.4b), reliability equals: 

𝑅𝑆𝑝𝑎𝑟 = 𝑟1𝑟2[1 − (1 − 𝑟3)(1 − 𝑟4)(1 − 𝑟5)].                              (18) 

Considering identical subsystems, after modification, we get: 

𝑅𝑆𝑝𝑎𝑟 = 3𝑟3 − 3𝑟4 + 𝑟5.                                                (19) 

The following chart (Fig. 5) shows the dependence of the probability of reliability of a 

system with a predominant number of subsystems arranged in series (Fig. 4a) and a system with 

a predominant number of subsystems arranged in parallel (Fig. 4b). 
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Fig. 5 Probability of fault-free state of the system Rs depending on the number of identical 

subsystems arranged in series and in parallel 

Sensitivity of the system to changes in the reliability of subsystems is expressed by partial 

derivatives. The subsystem with the highest sensitivity has the greatest impact on the reliability 

of the system. 

For the system in FIG. 4a), relation (16) and considering identical subsystems, the 

following applies: 

𝜕𝑅𝑆𝑠𝑒𝑟

𝜕𝑟1
=

𝜕𝑅𝑆𝑠𝑒𝑟

𝜕𝑟2
=  

𝜕𝑅𝑆𝑠𝑒𝑟

𝜕𝑟3
= 2𝑟3 − 𝑟4                                       (20) 

𝜕𝑅𝑆𝑠𝑒𝑟

𝜕𝑟4
=

𝜕𝑅𝑆𝑠𝑒𝑟

𝜕𝑟5
= 𝑟3 − 𝑟4.                                                (21) 

From relations (20), (21) it is obvious that the sensitivity of the system (RSser) to the change 

r1, r2, r3 is higher compared to the change r4, r5 because: 

2𝑟3 − 𝑟4 > 𝑟3 − 𝑟4.                                                    (22) 

For the system in FIG. 4b), relation (18) and considering identical subsystems, the 

following applies: 

𝜕𝑅𝑆𝑝𝑎𝑟

𝜕𝑟1
=

𝜕𝑅𝑆𝑝𝑎𝑟

𝜕𝑟2
= 3𝑟2 − 3𝑟3 + 𝑟4                                         (23) 

𝜕𝑅𝑆𝑝𝑎𝑟

𝜕𝑟3
=

𝜕𝑅𝑆𝑝𝑎𝑟

𝜕𝑟4
=  

𝜕𝑅𝑆𝑝𝑎𝑟

𝜕𝑟5
= 𝑟2 − 3𝑟3 + 𝑟4.                                   (24) 

From relations (23), (24) it is obvious, that the sensitivity of the system (RSpar) to the change 

r1, r2, is higher compared to the change r3, r4, r5 because: 

3𝑟2 − 3𝑟3 + 𝑟4 > 𝑟2 − 3𝑟3 + 𝑟4.                                         (25) 

CONCLUSION 

The method of block diagrams of reliability is relatively simple to process; for less complex 

systems, it does not require software support, and is therefore relatively widely used. The aim 

of the paper was to provide the basic overview for determining reliability of simple systems. At 

the same time, the objective was to compare reliability of the systems with serial and parallel 

arrangement. We assumed that the individual subsystems were two-state and independent (the 

state of any system does not affect the state of other subsystems in any way). 

Final reliability of the systems depends on the number of subsystems that make up the 

system, and also on the level of reliability of the individual subsystems. In the case of series 
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arranged subsystems, the value of the probability of system reliability decreases with increasing 

number of system elements. In a series configuration, a failure of any subsystem leads to a 

failure of the entire system. In the case of subsystems arranged in parallel, the value of the 

reliability probability of the system increases with the increasing number of system elements. 

In a parallel configuration, the failure of the last subsystem that was functional leads to the 

failure of the entire system. 

In combined systems, which can be decomposed into a combination of subsystems 

arranged in series and in parallel, the reliability depends on the specific number and 

arrangement of the subsystems. The reliability of the system depends on the number of elements 

arranged in series and in parallel. In a combined system configuration, failure of any subsystem 

in a series arrangement results in failure of the entire system or if all subsystems arranged in 

parallel fail. The probability of failure is therefore lower (or the probability of reliability is 

greater) if a parallel arrangement of subsystems prevails in the system. 
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