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Abstract: The continuous progress of computing technologies increases the need for 

improved methods and tools for assessing the performance of information systems in 

terms of reliability, conformance, and quality of service. This paper presents an 

extension of Information Theory by introducing a novel hierarchy concept as a 

complement to the traditional entropy approach. The methodology adjustments are 

applied to a simulative numerical example for assessing the reliability of systems with 

different complexity and performance behavior. 
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1. Introduction and review of previous work 

Impressive innovations in computer hardware and software have created new 

opportunities for information systems together with new challenges for systems 

administrators and company managers. 

Historically, the application of system analysis in modern industries 

management starts with “Principles of Scientific Management” (T a y l o r  [1]), 

whose influence can be found in several concepts and theories for quality 

management [2]. In recent decades, several approaches have been developed with the 

aim to improve the effectiveness of production and information processes, such as 

the “Total Quality Management (TQM)” [3-6], various international quality 

standards like ISO 9000-9001 [7, 8], “Six-sigma” [9], “Lean manufacturing” [10, 11]. 

One of the key aspects in most of the industrial management theories is the 

relation between the system’s quality of performance with the conformity to the 

users’ requirements for optimization of processes and products. Even experienced 

consultants face challenges when dealing with the problems concerning information 

flows in the newest computing technologies and sophisticated information systems 

[12]. Quite often, computer and communication professionals have to rely on abstract 

judgements and subjective preferences based on information from unreliable sources 

[13]. In similar situations, the Decision-Makers (DMs) have to make their choices for 

initial investments and current maintenance under conditions of uncertainty and 

conflicts of interests between vendors, manufacturers, and other third parties. Since 
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the 1970-s, one of the most popular approaches to exploring the reliability of 

information systems has been to construct hierarchical configurations with a limited 

number of Critical Success Factors (CSF) [13-18]. Although pragmatic, such an 

approach suffers from the lack of uniform listing for CSF and the limited time and 

computational resources for assessing the specifics in different sectors and 

organizations [20-22]. This consideration stresses the need for objective and 

universal models for analyzing the performance of information systems [23].  

This paper presents a structured approach that considers the role of all main 

computing modules and allows for assessing the system complexity by comparing 

the information related to the performance incidents on the basis of the traditional 

entropy and novel hierarchy concepts. In this context, the complexity of the system 

and its reliability is associated with the randomness of resources’ and probabilities’ 

distribution among the system’s components as a basis for further multi-criteria 

analysis and decision making. A justification why entropy and hierarchy can be used 

to assess the complexity and effectiveness of different management and information 

systems is contained in the basic principles of L. v o n  B e r t a l a n f f y  [24] and 

W i e n e r’s concept [26]. Based on statistical measurements, the entropy and 

hierarchy concepts can provide reliable tools for assessing the status and the 

performance of information systems [26, 27]. 

2. Assessing system complexity in entropy and hierarchy 

From a methodological point of view, treating of raw data for the relative weights of 

components and the probabilities of events can be performed with two different 

concepts: 1) entropy – for measuring directly diversity, competition, uncertainty;  

2) concentration (hierarchy) – for measuring directly order, domination and certainty. 

Traditionally, natural sciences assess the distribution of resources among systems 

components in terms of diversity, uncertainty, and chaos. Social sciences (economics, 

competition law, etc.) prefer to consider these issues from an opposite point of view 

– the concentration of resources reflecting the level of domination and hierarchy in 

competition interactions, or, in other words, the certainty for the realization of events 

with different probability distributions. Previous publications [28, 29] have discussed 

essential methodology aspects and introduced novel tools for assessing system 

complexity on the basis of novel Hierarchy approaches, comparing them with the 

most popular existing indicators. 

At micro-level (Level-1), the empiric data about individual components parts 

𝑝𝑖 are treated (filtered) with some non-linear function (called here basic transform 

function) which plays a key role in assessing system complexity. The basic functions 

conceptualize the specifics of the different approaches on what and how will be 

measured: a) disorder and uncertainty in terms of entropy 𝑒(𝑝𝑖); b) order and 

certainty in terms of concentration/hierarchy ℎ(𝑝𝑖).  

At macro-level (Level-2), the transformed output results for all individual 

system components are summed to obtain the aggregated result of cumulative 

Entropy (E) or cumulative Hierarchy (H):  

(1)   𝐻 =  ∑ ℎ(𝑝𝑖
𝑛
𝑖=1 ), 
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(2)   𝐸 =  ∑ 𝑒(𝑝𝑖
𝑛
𝑖=1 ). 

2.1. Information theory and traditional entropy 

The complexity of systems and their structural evolution are key issues for 

characterizing the specifics of their dynamics in a large number of areas. 

The term “Entropy” was introduced in 1865 by C l a u s i u s  [30] as a parameter 

for describing the internal thermodynamic transformations in isolated systems 

(“entropy” comes from the Greek word Entropia which means transformation). 

In the 1870s, B o l t z m a n n  [31], G i b b s  [32], and M a x w e l l  [33] added a 

statistical dimension to the understanding of entropy by founding the principles of 

“statistical mechanics”. By 1948, the Clausius concept for measuring entropy 

se(𝑝𝑖) = −𝑝𝑖 . log𝑏 𝑝𝑖 was borrowed as a key point in the “Information Theory of 

Claude Shannon” [34] in the format with binomial logarithm basis (i.e., b=2): 

(3)   se(𝑝𝑖) = −𝑝𝑖 . log2 𝑝𝑖𝑠, 
(4)   SE(𝑝𝑖) =  ∑  se(𝑝𝑖) = −𝑛

𝑖=1 ∑ 𝑝𝑖 . log2 𝑝𝑖
𝑛
𝑖=1 . 

Fig. 1 displays the graphical visualization of micro-level individual Shannon 

Entropy se(𝑝𝑖) = −𝑝𝑖 . log𝑏 𝑝𝑖 and the nominal cumulative maximal Shannon 

Entropy SEmax in the popular of logarithmic bases (b=2, b=2.718, and b=10). 

 
Fig. 1. Individual and nominal Maximal Shannon Entropy function and their integral values in the 

most popular formats: a) log2; b) ln; c) log10   

The parabolic profile of the Shannon Entropy’s basic function produces a 

specific ambiguous issue – two very different values of primary data 𝑝𝑖 are 

transformed into one value of individual entropy. For example: in the format with a 

binomial logarithm basis, both 𝑝𝑖 = 0.25 and 𝑝𝑖 = 0.5 result in an equal value of 

individual entropy: 0.25 log2 0.25 =  0.5 log2 0.5 = 0.5. This case is only one 

example of a large number of such possible pairs that produce the same type of 
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confusion and uncertainty. Also, in the interval  𝑝𝑖  𝜖(0.2, 0.6) the parabola of se(𝑝𝑖)   

possesses a very flattened profile, while at its both ends for 𝑝𝑖≈0 and 𝑝𝑖≈1 the 

individual entropy is practically equal to zero, se(𝑝𝑖)≈0. The mathematical definition 

of Equation (3) depends only on the variable 𝑝𝑖 excluding any possibility for flexible 

modelling of the basic and cumulative function. In addition, the necessity to perform 

the common procedure of normalization may also create undesired confusion since 

higher maximal levels of entropy used for normalization produce more unbalanced 

results. From this point of view, the ambiguous ranking of individual entropy values 

creates uncertainty in using Shannon Entropy as a universal method for classification. 

2.2. Logistic Hierarchy (LH): consistency, balance, flexibility 

The main priority for modeling novel indicators in our approach is to limit the 

possible “distortion effect” and the loss of primary information in the process of 

transforming empiric input data about parts 𝑝𝑖 into output individual hierarchy 

values. At the same time, the efforts are focused on obtaining a balanced distribution 

of cumulative system information at the macro-level by selecting a value for the 

power constant b which will position the value for minimum cumulative hierarchy 

for a fully symmetric macro-state with 10 components with equal “parts”  𝑝1 = 𝑝2 =
⋯ = 𝑝10 = 0.1 = 10% at the central level of 0.5. 

The basic transform functions can be modeled with different mathematical 

models. One of them is the so-called logistic function concept. It defines functions 

with a specific S-type (sigmoid) graphical profiles that monotonically increase with 

the increase of the values of the basic variable parameter, which in our case is 𝑝𝑖 

(relative weight or event probability) of an individual component. Logically, such 

monotonically increasing S-profiles are particularly suitable for assessing the system 

complexity and representing the structural evolution of information from the point of 

view of domination and certainty. A higher value of 𝑝𝑖 logically reflects stronger 

domination and more information in terms of order and competitive strength.   

To enlarge and improve the analysis of system complexity an original concept 

called logistic hierarchy (lh) is introduced and defined as follows:  

(5)   lh(log) =  
𝑝𝑖

1+(
∑ log𝑅𝑗

𝑝𝑖
𝐽
𝑗=1

𝐽
)

𝑐, 

where: 𝑝𝑖 are the part/relative weight/probability of micro-states; 𝑝𝑖ϵ [0, 1];  
n is the number of components in the system populations; 

𝑅𝑗 are the referral weights or Reference Structural Thresholds (RST); 𝑅𝑗ϵ[0, 1]; 

J is the number of Reference Structural Thresholds (RST) or 𝑅𝑗;  

c is the the intensity of competition interactions; cϵ[1, 3]. 

The key role in the novel basic function concept lh belongs to the module 

(
∑ log𝑅𝑗

𝑝𝑖
𝐽
𝑗=1

𝐽
)  which in the format of arithmetic average accumulates and generalizes 

the information about the possible “logarithmic comparisons” of individual 

components weights 𝑝𝑖  with a flexibly definable set of reference values RST 𝑅𝑗 used 

as respective logarithm bases. As a result, the logistic hierarchy lh approach allows 
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modelling flexibly an unlimited number of functions with different S-curve profiles. 

In all of them, primary data 𝑝𝑖 is non-linearly transformed in the universal 

dimensionless scale interval [0, 1], without any ambiguity on the micro-level or a 

need for normalization on the macro-level. Several simulations have been conducted 

to select the variant with a set with two RSTs (𝑗 = 2;   𝑅1 = 0.001; 𝑅2 = 0.25) and 

c=2 for defining the basic function lh(log:0.001;0.25) as follows: 

(6)   lh(log: 0.001; 0.25) =  
𝑝𝑖

1+(
log0.001 𝑝𝑖+log0.25 𝑝𝑖

2
)

2. 

Fig. 2 includes the graphics of the following functions: 

a) basic transform function in the variant lh(log:0.001;0.25);  

b) cumulative Minimal Hierarchy in the “Equalization in each population” 

scenario, formed by the sets of points for symmetric and sub-symmetric system 

configurations;  

c) cumulative Maximal Working Hierarchy in the “Single leader domination 

decreasing in all populations” scenario, formed by system configurations with 

maximal asymmetric distribution  of 𝑝𝑖 between the leaded and its competitors; 

d) cumulative Mean Working Hierarchy, formed by the arithmetic mean of 

“minimal and sub-minimal hierarchies” and the “maximal working hierarchy”. 

 
Fig. 2. Modeling of individual and cumulative Logistic Hierarchy functions (Minimal, Maximal and 

Mean Working levels): variant lh(log:0.001;0.25) 

2.3. Power function model: novel adjustment for Hierarchy 

As a next step, it is possible to define a model with a profile similar to 

lh(log:0.001;0.25) in the popular traditional “power function model”: 

(7)   𝑓(𝑝𝑖) = 𝑎(𝑝𝑖)𝑏 + 𝑐. 
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A very simplified variant of this popular power function concept with a=1, b=2, 

and c=0 is used in the basic function of the Herfindahl Concentration defined as 

hc(𝑝𝑖) = 𝑝𝑖
2 which has the disadvantage of producing very unbalanced results at 

micro and macro-level [35, 36]. To make the model simpler and similar to the format 

of Herfindahl Concentration the experiments have shown that such approximation 

can be achieved with a=1, b=1.3, and c=0: 

(8)   ph(pf = 1.3) = (𝑝𝑖)1.3. 

Fig. 3 includes the graphics of the following functions: 

a) basic transform function in the variant ph(pf=1.3); 

b) cumulative Minimal Hierarchy in the “Equalization in each population” 

scenario, formed by the sets of points for symmetric and sub-symmetric system 

configurations; 

c) cumulative Maximal Working Hierarchy in the “Single leader domination 

decreasing in all populations” scenario, formed by system configurations with 

maximal asymmetric distribution of 𝑝𝑖 between the leaded and its competitors; 

d) cumulative Mean Working Hierarchy, formed by the arithmetic mean of 

“minimal and sub-minimal hierarchies” and the “maximal working hierarchy”. 

 
Fig. 3. Modeling of individual and cumulative Power Hierarchy functions (Minimal, Maximal and 

Mean Working levels): variant ph(pf=1.3)  

To our knowledge, clear and balanced rules for universal framing of information 

space and classifying system complexity have not yet been defined in the context of 

Shannon Entropy. The integral values and the graphical profiles of the cumulative 

minimal and maximal function for lh(log:0.001; 0.25) and ph(pf=1.3) are similar and 

fit closely in the “Harrington scale”, which in our more detailed variant contains 6 

intervals and represents an adapted version of classical E. Harrington’s preference 

function for psycho-physical classification [37], as shown in Table 1. 
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Table 1. Harrington scale: adaptation with six quantitative intervals and six hierarchy phase labels  

Hierarchy phases labels Harrington scale (quantitative values) Traditional qualitative labels 

Concentrated oligopoly 0.80-1.00 Extremely high 

Classic oligopoly 0.63-0.80 Very high 

Enlarged oligopoly 0,50-0,63 High 

Polipoly 0.37-0.50 Low 

Multipoly 0.20-0.37 Very low 

Hyperpoly 0.00-0.20 Extremely low 

 The central value of 0.5 in the Harrington classification scale is meant to 

correspond to the official competition law regulations in the EU, Japan, Russia, and 

other countries (incl.  USA until 2010) for a fully symmetrical market with 10 

competitors when all of them have equal shares of 𝑝𝑖 = 0.1 = 10% [38, 39]. 

Fig. 4 displays the Level-2 aggregation for “symmetric + sub-symmetric” 

configurations, which define the cumulative “maximum + sub-maximum” levels of 

entropy (normalized Shannon Entropy in the three most popular logarithmic formats 

(log2 𝑝𝑖, ln 𝑝𝑖 , log10 𝑝𝑖), and the “minimum + sub-minimum” levels of hierarchy for 

three different concepts: the traditional Herfindahl Concentration (HC) indicator and 

the novel hierarchy indicators in the variants lh(log:0.001;0.25) and ph(pf=1.3). 

 
Fig. 4. System complexity Indicators: Minimal Hierarchy and Maximal Entropy 

At the micro-level, the transformation of 𝑝𝑖 = 0.1 results in lh(log:0.001; 

0.25)≈0.0501, the minimal cumulative Logistic Hierarchy for the system with  

10 equal components (all equal to  𝑝𝑖 = 0.1) is 𝑙ℎ(log: 0.001; 0.25) =
(∑ 0.0501𝑛=10

𝑖=1 =10×.0501≈0,5. At the same time, the minimal cumulative hierarchy 

for the same type of symmetric configuration with the same 10 equal components  

in the case of the Power Hierarchy concept in the variant ph(pf = 1.3) is: 

∑ (0.1)1.3𝑛=10
𝑖=1 =10×0.0501≈0,50. At the same time, the cumulative Minimal 

Herfindahl Concentration produces a very unbalanced profile – the cumulative 

concentration for the symmetric configuration with 10 equal components is far from 
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the central point of 0.5: HC(pf = 2) = ∑ (0.1)2𝑛=10
𝑖=1 =10×0.01=0.1. In the case  

of the Shannon Entropy, such comparisons with other methods are possible only  

after normalization with a higher level of maximal cumulative entropy. The 

normalization is made with a maximal cumulative entropy for a system with 1024 

components (n=1024) is SEmax(𝑛 = 1024) = − ∑
1

1024
log2

1

1024

𝑛=1024
𝑖=1 ≈ 10. 

Consequently, the normalized maximal cumulative entropy value for a system  

with 10 equal components is:  

SEmax(n=10; norm: n=1024)=
1

10
(– ∑

1

10
log2

1

10
n=10
i=1 )=0.332. 

Unfortunately, the result of such normalization will be different for any different 

value of maximal entropy selected as a reference for normalization. For example, in 

the case of normalization with a maximal cumulative entropy for a system with 256 

components (n=256) the maximal cumulative value for a system with 10 equal 

components is: SEmax(n=10; norm: n=256) = 0.37. These values are also far 

away from the central point 0.5 in the Harrington classification scale, and, therefore, 

cannot be considered as an intuitive and balanced border between high and low 

cumulative entropy. 

The logistic hierarchy in the variant lh(log:0.001; 0.25) has been successfully 

applied to assess system complexity, market evolution, and competition interactions 

in the energy sector since 2015 [40, 41].  

3. Case study: assessment of information systems reliability in entropy 

and hierarchy 

Under conditions of economic and technical constraints, the risk analysis of 

information systems performance allows for optimizing the allocation of resources 

and improving the reliability of their functioning [42, 43]. Entropy-based measures 

have been used successfully in computing technology – predominantly for 

cryptography, software reliability, and other areas [44, 45]. Logically, entropy is 

relatively low in systems characterized by high reliability and high in systems with 

low reliability and conformance. On the opposite, higher levels of hierarchy 

characterize systems with high reliability, while low levels – systems with low 

reliability and conformance. An important preliminary condition for performing 

effective entropy and hierarchy assessment and analysis is the usage of reliable 

empiric statistical data which has to be systematically collected and well structured. 

In this respect, a logical and thorough list of system components represents the first 

step in assessing the reliability and conformity of information systems.  

In the analysis of information systems, users’ requirements can be linked to 

respective system components with two possible realizations – positive (order or 

conformance) and negative (defect or non-conformance). In this context, the 

functioning of information systems can be regarded as a Markov process in which 

the realization of subsequent probabilities depends on the realization of previous 

events. In other words, the present and future distribution of resources or probabilities 

among individual components are related to previous micro-states and distributions.  
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The building of understandable and reliable statistics for any system 

traditionally starts with framing the procedures for collecting and treating the raw 

data. In this case, the number of all negative events n (defects or non-conformance 

incidents) in an information system is distributed among a finite number of 

components. To simplify the calculations, all individual events (incidents) are 

attributed equal importance – in other words, equal relative weights or probabilities 
(𝑝𝑖 = 1 𝑛⁄ ). 

Since the process is of Markov type, the sum of all discrete probabilities about 

individual incidents or respective components is equal to 1 (100%). In such an 

egalitarian framework and in terms of entropy, the most sensitive and risky 

component of the system performance is related to the highest number of individual 

incidents. If all components are out of conformance with an equal number of 

incidents, the level of entropy (disorder) in the system is at the highest level for this 

number of components. In other words, the maximal uniform distributions of 

individual incidents among components result in maximum uncertainty and this 

reflects “the principle of maximum entropy” [46, 47]. Naturally, if all incidents are 

linked to only one component the probability of its defectiveness (non-conformance) 

is equal to 1 and the cumulative Shannon Entropy is zero. This “information paradox” 

is part of specific entropy logic in which “more entropy” means “less information”. 

In the context of hierarchy and concentration, the most sensitive and risky 

component in system performance is also related to the highest number of individual 

incidents. If all components are out of order by an equal number of incidents, the 

hierarchy and order in the system are at the lowest level for that number of 

components. In other words, the maximal uniform distribution of incidents results in 

minimum certainty and reliability. If all incidents are linked with only one 

component, the hierarchy (certainty) of defects is maximal and equal to 1. The 

cumulative system hierarchy is 0 only when all events probabilities are 0. Naturally, 

this kind of logic is more intuitive, straightforward, and non-ambiguous – “more 

hierarchy” means more information, more order, and more certainty. 

Such arrangements are useful in two main aspects about the information in the 

system: 

1) The increase in the value of cumulative entropy reflects an increasing disorder 

in the system; on the opposite – the increase in the value of hierarchy indicates the 

increase of order and certainty in the system. 

2) The values of individual entropy and hierarchy can be used to estimate and 

adjust eventual Intervention Costs (IC) for each defective component. This can 

improve the quality of analysis and provide more objective criteria for the 

prioritization of alternatives optimization of the decision process under conditions of 

uncertainty and different resource constraints. Such an approach adds valuable 

economic and efficiency dimensions to the common technical assessment. 

To compare the effectiveness of the traditional entropy and the novel hierarchy, 

this paper presents a case study with two different information systems. For 

performing the assessments in a more structured way this research uses a list of 

system components that do not have the pretension to be exhaustive but still tries to 

consider the main items that could be affected by some kind of reliability incident. 
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A typical approach for classification in information systems contains usually 3 

main groups of components – computing, peripherals, and networks. This traditional 

triad of technical subsystems may be enlarged with two important elements: the 

passive element “data” and the active element “staff”. To collect reliable statistics, 

the frequency of negative events for reliability (defects) can be recorded as 

“incidents” for some reasonable periods of time (week, month, etc.). In real 

conditions, the length of this period will depend on the system characteristics and the 

needs of the users. Obviously, if during the observation period there is no incident, 

then all components and the system as a whole are in optimal operational condition 

(“zero defect” status). Situations without incidents are very rare and therefore, this 

research explores more realistic cases – with different types and number of incidents. 

Table 2 contains the comparative results for the cases of User A and User B. 

Table 2. Comparative analysis of information systems reliability in entropy and hierarchy 
Users User A User B 

Components Incidents 𝑝𝑖 se(log2) lh(𝑝𝑖) ph(𝑝𝑖) Incidents 𝑝𝑖 se(log2) lh(𝑝𝑖) ph(𝑝𝑖) 

Computing           

CPU           

PSU      1 0.02 0.11 0.005 0.006 

RAM      3 0.06 0.24 0.024 0.026 

HDD 4 0.5 0.5 0.46 0.41 7 0.14 0.40 0.080 0.078 

GPU      1 0.02 0.11 0.005 0.006 

OS 1 0.125 0.375 0.07 0.07 5 0.10 0.33 0.050 0.050 

Software      2 0.04 0.19 0.013 0.015 

Firmware      1 0.02 0.11 0.005 0.006 

Staff      1 0.02 0.11 0.005 0.006 

Subtotal 5 0.625 0.875 0.53 0.48 21 0.42 1.60 0.192 0.194 

Peripherals           

Printer 1 0.125 0.375 0.07 0.07 9 0.18 0.45 0.110 0.108 

Staff      1 0.02 0.11 0.005 0.006 

Subtotal 1 0.125 0.375 0.07 0.07 10 0.2 0.56 0.115 0.114 

Network           

Switch 2 0.25 0.5 0.18 0.16 10 0.20 0.46 0.130 0.128 

Routers      4 0.08 0.29 0.060 0.048 

Cables      1 0.02 0.11 0.005 0.006 

WiFi      1 0.02 0.11 0.005 0.006 

Firmware           

Staff      1 0.02 0.11 0.005 0.006 

Subtotal 2 0.25 0.5 0.18 0.16 19 0.38 1.08 0.205 0.194 

Total 8 1 1.75 0.78 0.72 52 1 3.24 0.512 0.502 

For simplification purposes in this paper, the occurrences of all types of 

incidents are attributed with the same value of importance. In other words, all single 

incidents n have equal weights (𝑝𝑖=1/n). Consequently, the importance of each 

component in the reliability analysis is defined by the number of its incidents. Also, 

the information systems of the two users have identical configurations from a 

technical point of view – in other words, they contain the same type and number of 

components. 

The case of User A refers to a recently installed information system that faces a 

limited number of incidents with four exceptions related to the following 

components: a) data storage on HDD – four incidents; b) Operating System (OS) – 

one incident; c) printer/scanner overloading – one incident; d) an insufficient number 
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of Switch ports – two incidents. Total of incidents is eight. The cumulative nominal 

Shannon Entropy is ∑ se (
1

8
) = 8 × 0.21875 =𝑛=8

𝑖=1 1.75. However, without 

normalization, it is difficult to consider “how low” or “how high” this nominal value 

is. The other disadvantage discussed above in Section 2.1 (Traditional Entropy and 

Information theory) is that for very different values of primary data about weights 

(probabilities) the basic function se(𝑝𝑖) produces the same transformed values of 

individual entropy. Actually, for HHD – 𝑝𝑖= 0.5 results in se(0.5)=0.50 as well as for 

Switch – 𝑝𝑖=0.25 results in se(0.25)=0.50. Such “ambiguous pairs” are produced by 

the non-monotonic convex parabola profile of the basic transform function that 

creates uncertainty for using the Shannon Entropy as a stand-alone method. In these 

situations, further analysis would require to return to primary data or to use other 

measuring tools, such as “dispersion” or “variance” which, however, have another 

peculiarity – for all distributions with equal components they produce 

undistinguishable “zero results”. In the novel concepts for logistic hierarchy 

lh(log:0.001;0.25) and power hierarchy ph(pf=1.3) the transformation and 

normalization issues are treated consistently and effectively thanks to their 

monotonically increasing basic functions. On the micro-level, all transformed output 

results are ranked in strict accordance with the ranks of their respective input values 

for the relative weights or probabilities event (𝑝𝑖).  

For the system of User A, the value of the cumulative system hierarchy 

lh(log:0.001;0.25) is 0.78 and for ph(pf=1.3) is 0.72. These values are different but 

still very similar, and considerably higher than the central value of 0.5 on the 

universal scale (0, 1).  In the Harrington classification scale with a set of 6 quantitative 

intervals and, respectively, 6 qualitative phase labels (Table 1, above) both values 

belong to the phase of Classic oligopoly (0.63-0.80). Such a level of cumulative 

hierarchy indicates that urgent interventions are needed for some limited number of 

components in the system – the priorities are clearly identified and ranked by the 

different values of individual hierarchy: 

 for HHD: 𝑝𝑖=0.5 results in lh(0.5)=0.46 and ph(0.5)=0.41;  

 for Switch: 𝑝𝑖 = 0.25 results in lh(0.25)=0.18 and ph(0.25)=0.16;  

 for OS and Printer/Scanner: 𝑝𝑖 = 0.125 results in lh and ph in a very similar 

value of approximately 0.07. 

Naturally, in situations when two or more components register equal numbers 

of incidents which result in equal defect probabilities and equal individual hierarchy 

values the analysis and prioritization will need further investigation. It can be refined 

by taking into account the respective “Intervention Costs” and “Impact Damages” for 

each of the items. This paper presents only the first step – a non-linear entropy and 

hierarchy assessment for obtaining a holistic view of the system and the influence of 

individual components on the reliability of IS. It does not take into account the type 

and the level of priorities, and the costs related to them. For example, a defective 

HDD causes, in general, the same type of problem in servers, storage equipment, and 

a home system. However, the role and the quality of these components are very 

different and their costs will vary substantially. The priority and cost issues are very 

important and will be addressed in future publications.  
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The case of User B is more complicated: 50 incidents are distributed unevenly 

between 16 affected components and across the three sub-systems. The cumulative 

Shannon Entropy is calculated  ∑ se(𝑝𝑖) = 3.24𝑛=16
𝑖=1 . This value is 1.85 times higher 

than the result in User A (1.75), and without normalization cannot fit in the universal 

interval (0, 1). In the context of hierarchy, the cumulative results for the novel 

indicators are very similar: lh(log:0.001;0.25)=0.512 and ph(pf=1.3)=0.502. 

Compared to User A they reflect a substantial decrease in terms of order or increase 

of disorder, respectively, 27 and 21 “basic points”. In the novel hierarchy approaches, 

the structural evolution seems much smaller than in the format of Shannon Entropy. 

However, here the assessment is produced directly on the universal scale of (0, 1) – 

in other words, the structural space is denser and contains more information per unit. 

From a quantitative point of view, the cumulative value of 

lh(log:0.001:0.25)=0.512 and ph(pf=1.3)=0.502 are insignificantly higher than the 

central value 0.5. From a qualitative point of view, according to the Harrington scale 

(Table 1), these values are slightly higher than the central point of 0.5 and the 

boundary between the phases of Enlarged Oligopoly and Polipoly. In other words – 

at the formal border between “high” and “low” levels of hierarchy, and more general 

– between “order/certainty” and “disorder/uncertainty”. These values indicate that 

the system of User B is in a more vulnerable status. Therefore, User B should 

undertake more active and urgent measures in several directions: inspecting, 

replacing or upgrading hardware, updating soft and firmware, inspecting network 

equipment and cabling, reviewing information flows, and considering sensitive staff 

issues. 

4. Limitations, conclusions, future work 

This article presents a comparison application for assessing the reliability of 

information systems with the traditional indicator for entropy and the novel indicators 

for hierarchy. Even the limited volume of this publication and simplified case study 

with only two different numerical examples allows for comparing the efficiency of 

traditional and new approaches.  

In particular, the traditional Shannon Entropy concept contains an inherent 

ambiguity when  assessing small and big components or probabilities, and therefore 

is suitable for assessing systems in which the distributions include components with 

individual weights and probabilities lower than the value 𝑝𝑖 = 0.37 at which the basic 

transform functions for entropy reach their maximums in the format with any 

logarithm bases.  

The complicated issues about the ambiguity of individual entropy of 

components and the normalization of cumulative entropy of the system can be 

mitigated with the proposed hierarchy concepts. The variants of logistic hierarchy 

lh(log:0.001;0.25) and power hierarchy ph(pf=1.3) produce comprehensive models 

including basic and cumulative functions with monotonically increasing profiles that 

ensure fewer information losses and better-balanced profiles with very similar 

integral values. These findings allow for enlarging the methodology and improving 

the accuracy of analysis of information systems’ complexity and reliability. The 
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novel hierarchy indicators can find application in a large number of areas, where 

dynamic systems are in constant evolution concerning the access, distribution, and 

competition for material and non-material resources, such as computer science and 

technologies, health care and biology, industry (energy, computer, and 

communication, food, etc.), services (finance, banking, insurance, tourism, trade,  

e-Trade), leisure and sports, science (innovations, artificial intelligence). 

Future studies can be oriented on more detailed reliability and conformity 

analysis taking into account very important issues like intervention costs and priority 

of incidents in different information systems. In this respect, it is feasible to improve 

the hierarchy approaches by introducing additional methods and tools for considering 

the specific needs of the users and their information systems in the area of multi-

criteria analysis and decision support systems. 

Acknowledgments: This research is supported by the Bulgarian FNI fund through the project 

“Modelling and Research of Intelligent Educational Systems and Sensor Networks (ISOSeM)”, contract 

КP-06-H47/4 from 26.11.2020. 

R e f e r e n c e s 

1. T a y l o r, F. W. The Principles of Scientific Management. New York, NY, USA, and London, UK, 

Harper Brothers, 1911. LCCN: 11010339, OCLC: 233134, 1991. 

2. J u r a n, J. M. A History of Managing for Quality: The Evolution, Trends, and Future Directions  

of Managing for Quality. Milwaukee, Wisconsin, ASQC Quality Press, 1995. p. 596.  

ISBN: 9780873893411, OCLC: 32394752. 

3. M a r t í n e z-L o r e n t e, A. R., F. D e w h u r s t, B. G. D a l e. Total Quality Management: Origins 

and Evolution of the Term. – The TQM Magazine, Bingley, United Kingdom, MCB University 

Publishers Ltd, Vol. 10, 1998, No 5, pp. 378-386. 

4. D e m i n g, W. E. The New Economics for Industry, Government, and Education. Boston, MIT 

Press, 1993. ISBN: 0262541165. 

5. F e i g e n b a u m, A. V. Total Quality Control. New York, McGraw-Hill, 1983 (3rd Edition). 

6. H o l m e s, K. Total Quality Management. Leatherhead, United Kingdom, Pira International, Ltd., 

1999, pp. 10. ISBN: 9781858020112, OCLC: 27644834. 

7. ISO – International Organization for Standardization, 2015. The ISO Survey of ISO 9001, 2000, and 

ISO 14001 Certificates, 2003. Retrieved 20 November 2021. 

8. D a l g l e i s h, S. Probing the Limits: ISO 9001 Proves Ineffective. – Quality Magazine, Vol. 4, 

April 2005. 

9. S m i t h, B. Six-Sigma Design (Quality Control). – IEEE Spectrum, Vol. 30, 1993, No 9,  

pp. 43-47. 

10. W o m a c k, J. P., D. T. J o n e s. Lean Thinking: Banish Waste and Create Wealth in Your 

Corporation. Simon and Schuster, 2013. ISBN: 9781471111006. 

11. O h n o, T. Toyota Production System: Beyond Large-Scale Production. – CRC Press, 1988. ISBN: 

978-0-915299-14-0. 

12.  W a r z e c h a, B. Problem with Quality Management Process Orientation, Controllability and Zero-

Defect Processes as Modern Myths. – Walsrode, 2017. ISBN: 9783981863833. OCLC: 

992993108. 

13. A r g a r w a l, R., L. R o b e r g e, M. R. T a n n i r u. MIS Planning: A Methodology for Systems 

Prioritization. – Journal Information and Management, Vol. 27, November 1994, No 5,  

pp. 261-274. 

14. L i e b e r m a n, G. J. The Status and Impact of Reliability Methodology. – Naval Research Logistic 

Quarterly, Vol. 16, 1969, No 1, pp. 17-35. 

15.  M a r t i n, E. W. Critical Success Factors of Chief MIS/DP Executives. – MIS Quarterly, Vol. 6, 

June 1982, No 2, pp. 1-9. 



 16 

16. M u n r o, M. C., B. R. W h e e l e r. Planning, Critical Success Factors, and Management’s 

Information Requirements. – MIS Quarterly, Vol. 4, December 1980, No 4, pp. 27-38. 

17.  N i x o n, F. Managing to Achieve Quality and Reliability. New York, McGraw Hill, 1971. 

18. R o c k a r t, J. F. The Changing Role of the Information Systems Executive: A Critical Success 

Factors Perspective. – Sloan Management Review, Vol. 23, 1982, No 1, pp. 1-3. 

19. Z a h e d i ,  F .  Reliability Metric for Information Systems Based on Customer Requirements. – 

International Journal of Quality & Reliability Management, Vol. 14, 1997, No 8, pp. 791-813.  

https://doi.org/10.1108/02656719710181312 

20. O l s o n, J. E. Data Quality: The Accuracy Dimension. San Francisco, CA, Morgan Kaufmann 

Publishers, 2003. 

21. S e g a r s, A. H., V. G r o v e r. Profiles of Strategic Information Systems Planning. – Information 

Systems Research, Vol. 10, September 1999, No 3, pp. 199-232. 

22. T w o r e k, K. Reliability of Information Systems in Organization in the Context of Banking Sector: 

Empirical Study from Poland. – Cogent Business & Management, Taylor & Francis, 

Abingdon, Vol. 5, 2018. ISSN: 2331-1975.  

https://doi.org/10.1080/23311975.2018.1522752 

23. K i m, Y-K., G. C. E v e r e s t. Building an IS Architecture. – Information and Management,  

Vol. 26, January 1994, No 1, pp. 1-11. 

24. V o n  B e r t a l a n f f y, L. General System Theory: Foundations, Development, Applications. New 

York. George Braziller, 1968. 

25. S c h o d e r b e c k, P. P., C. G. S c h o d e r b e c k, A. G. K e f a l a s. Management Systems. Third 

Edition. Homewood Illinois, BPl-Lrwin, 1989.  

26. W i e n e r, N. Cybernetics: Or Control and Communication in the Animal and the Machine.  

2nd Rev. Ed. Paris, Hermann and Cie. Camb. Mass, MIT Press, 1961.  

ISBN: 978-0-262-73009-9. 

27. G a t i a n, A. W. Is User Satisfaction a Valid Measure of System Effectiveness? – Information and 

Management, Vol. 26, March, 1994, No 3, pp. 119-131. 

28.  P e t r o v, I. I. AHP Enlargement in Traditional Entropy-TOPSIS Approach for Selecting Desktop 

Personal Computers for Distance Learning. – In: Proc. of ACM International Conference 

Proceeding Series, CompSysTech’21, Ruse, Association for Computing Machinery (ACM), 

New York, USA, 18-19 June 2021, pp. 61-66. ISBN: 978-1-4503-8982-2.  

29. P e t r o v, I. I. Methodology Advances in Information Theory: Adjusting Entropy, Innovating 

Hierarchy. – In: Proc. of International Conference “Big Data, Knowledge and Control Systems 

Engineering”, Sofia, Bulgaria, 28-29 October, 2021 (in Press).  

30. C l a u s i u s, R. Ueber verschiedene für die Anwendung bequeme Formen der Hauptgleichungen 

der mechanischen Wärmetheorie (Vorgetragen in der naturforsch. Gesellschaft zu Zürich den 

24. April 1865). – Annalen der Physik und Chemie, Vol. 125, 1865, No 7, pp. 353-400. 

31. B o l t z m a n n, L. The Second Law of Thermodynamics. – Populare Schriften, Essay 3, Address to 

a Formal Meeting of the Imperial Academy of Science, 29 May 1886, Reprinted in Ludwig 

Boltzmann, Theoretical Physics and Philosophical Problem. S. G. Brush, Translator. Boston, 

Reidel, 1974 (Original Work Published 1886). 

32. G i b b s, J. W. Elementary Principles of Statistical Mechanics. New York, Charles Scribner’s Sons, 

1902. 

33. M a x w e l l, J. Theory of Heat. London, Logmans, 1871. 

34. S h a n n o n, C. E., W. W e a v e r. A Mathematical Theory of Communication. – The Bell System 

Technical Journal, Vol. 2, 1948, pp. 379-423 and pp. 623-659. 

35. H e r f i n d a h l, O. C. Concentration in the U.S. Steel Industry. Unpublished Doctoral Dissertation, 

Columbia University, 1950. 

36. S i m p s o n, E. H. Measurement of Diversity. – Nature, Vol. 163 (4148), 1949. Bibcode: 1949, 

DOI:10.1038/163688a0. 

37. H a r r i n g t o n, E. The Desirability Function. – Industrial Quality Control, Vol. 21, 1965, No 10, 

pp. 494-498. 

38. EU Guidelines. Guidelines on the Assessment of Horizontal Mergers under the Council Regulation 

on the Control of Concentrations between Undertakings (2004/C 31/03) /Section “HHI Levels” 

Paragraph 19-20. – Official Journal of the European Union, 5.2.2004.  

 



 17 

39. OECD: Competition Evaluation Toolkit, 2011: Vol. 1. Principles. 69 p.; Vol. 2, Guidance. 142 p.  

http://www.oecd.org/daf/ competition/assessment-toolkit.htm 

40. P e t r o v, I. I. Structural Evolution of World and European Energy Markets and the Development 

of Gas Pipeline Networks in South-East Europe with Participation. Ph. D. Dissertation, 

Russian State University for Oil And Gas “I. M. Gubkin”, Moscow, 2015. 

41. G e o r g i e v a, P., I. P o p c h e v, S. S t o y a n o v. A Multi-Step Procedure for Asset Allocation in 

Case of Limited Resources. – Cybernetics and Information Technologies, Vol. 15, 2015,  

No 3, pp. 41-51. 

42. B o r i s o v a, D., I. M u s t a k e r o v. A Two-Stage Placement Algorithm with Multi-Objective 

Optimization and Group Decision Making. – Cybernetics and Information Technologies,  

Vol. 17, 2017, No 1, pp. 87-103. 

43. H a r r i s o n, W. An Entropy-Based Measure of Software Complexity. – IEEE Transactions on 

Software Engineering, Vol. 18, November 1992, pp. 1025-1029. 

44. X i a o l i n g, L., H. H a i. QoS Routing Algorithm Based on Entropy Granularity in Network 

Transmission. – Cybernetics and Information Technologies, Vol. 19, 2019, No 4, pp. 61-72. 

45. A m i t, S. Some New Bounds in Weighted Entropy Measures. – Cybernetics and Information 

Technologies, Vol. 11, 2011, No 4, pp. 60-65. 

46. J a y n e s, E. T. Information Theory and Statistical Mechanics. – Physical Review, Series II.  

Vol. 106, 1957, No 4, pp. 620-630. 

47. J a y n e s, E. T. The Relation of Bayesian and Maximum Entropy Methods. – Kluwer Academic 

Publishers, Vol. 11, 1988, pp. 25-29. 

 

Received: 25.11.2021; Second Version: 03.05.2022; Accepted: 12.07.2022   
 


