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Abstract—Naive Fault Tree (NFT) accepts  a single value or a 
range of values for each basic event and returns values for the 
top event. This accommodates the need of commonly used Fault 
Trees (FT) for precise data making them prone to data concerns 
and limiting their area of application. This paper extends the use 
of Fault Trees (FT) for the cases where accurate data is not 
available,  difficult to obtain or expensive but not at the cost of 
complicated formulation. This make the approach applicable for 
system of systems context. An example application is presented in 
the paper. 
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I. INTRODUCTION  

Fault tree (FT) analysis is commonly used in engineering 
practices for conditions and event that may contribute to the 
occurrence of top event. Formalized by the international 
Electro-technical Commission (IEC), this method uses 
symbols, identifiers and labels to evaluate the influence of 
basic or intermediate events on the top performance of system 
or product [1]. Furthermore, this method is well integrated in 
the field of safety and reliability and it is very well connected 
to the other commonly practiced approaches like Event Trees 
(ET) or Failure Mode and Effect Analysis (FMEA) (See for 
example [1, 2]). 

FT enjoys the most powerful logic of probability: 
conjunction and disjunction, considered as the logic of science 
[3]. Furthermore, it enjoys widely-recognized graphical 
interfaces for modeling the hierarchy of events often correlated 
with physical appearance of systems. As a result, FT is easy  to 
understand and communicable across multidiscipline.  There is, 
therefore, no surprise that new approaches try to use these 
benefits to address issues in complex systems. IEC suggests 
developing fault trees in early design stages and keeping that 
along all stages of product developments, yet there are some 
practical issues for the effective use of fault trees in early 
design phases. These issues were summarized in [4] making it 
difficult to apply FT in early design phases where values may 
be not precise, subjective, qualitative, or subject to change.   

FTs are prone to their demands for deterministic values, 
and this is not new. Researchers have been exploring different 
approaches to incorporate flexibility into FT by assigning 

Fuzzy functions, random variables or probability density 
function to the basic events of fault trees. Fuzzy Fault trees, 
probabilistic fault trees, or Bayesian networks use these 
approach and offer their own benefits [5-7]. Yet adaptation of 
further mathematics and formula can be a reason to make this 
method less applicable in early design phases. Naive fault tree 
builds on the strength of fault trees and does use its principals 
making it more flexible for system designers. Next Section 
discusses the common approaches for collecting judgmental 
data or eliciting expert information. Section 3 explains the 
mathematical formulation of the approach, and Section 4 
presents an example application. Conclusions are presented in 
the last section. 

II. QUANTIFICATION ISSUES 

Failure probabilities propagate through the fault tree 
initiating from basic events, and one of the challenging tasks in 
FT is often assigning proper probabilities to these basic events. 
This has been a subject for research and different approaches 
have been used for addressing this challenge. The use of a 
random variable or fuzzy functions has resulted research 
papers on probabilistic fault tree and fuzzy fault tree. Fuzzy 
fault trees are more popular in literatures and different 
membership functions have been assigned to fault trees in 
order to perform fault tree analysis (see e.g. [8]). To 
successfully implement these approaches, one requires a prior 
knowledge of fuzzy theory and its membership functions. 
Similar constraints are applicable to the use of probability 
theory. Furthermore, communication in terms of probability, 
fuzzy membership, or probability distribution function arises 
considerations for effective communication with system 
experts or stakeholders and questions the objectivity of 
resultant [4]. Collection of expert opinions and summing them 
up into a one single value for FT often falls in the same pit-fall.  

To tackle these difficulties, standards such as IEC [9] 
simplify the approach suggesting categories of possibilities. 
This approach works well for situations where experts are able 
to define indicative and almost concrete categories of events. 
For example, IEC defines categories of seldom-occurrence, 
less-often-occurrence, frequent-occurrence, and continuous-
occurrence considering the exposure time for the estimation to 
categorize the risk. However, this approach forces the expert to 
choose a predefined category of options which may results in 
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loosing expert information for fault trees. As a matter of fact, 
using expert opinions to assign a value to a basic event for fault 
tree is a difficult task because stakeholders can be individuals 
with different levels of knowledge and expertise, having their 
own interest, expectations, alternatives, etc. 

Naive fault tree (NFT) offers the expert a range of values 
instead of a single value if the required information is difficult 
to achieve, and this does not come with cost of extra 
complication. NFT uses symbols and formulas similar to the 
established FT method which makes it an easy step to further 
employ FT in early design phases of Systems or System of 
Systems. This is further explained through the next sections. 

III. NAIVE FAULT TREE CONSTRUCTION 

NFT includes the events which contribute to the occurrence 
of a top event where the exact probability of some basic events 
are not known. In this perspective, a range of values is assigned 
to the basic events, and a slightly different symbols is used to 
clarify the basic events or operations that deal with this 
uncertainty. The symbols for NFT are presented in Table 1. 

A. Symbols 

Naive fault tree builds itself on the symbols and 
mathematics of Fault trees as presented in [1]. The updated 
symbols for the important events and operations are explained 
within the table below.  

 
Table 1. The elements of Naive Fault Trees 

Symbol 
Symbol 
Name 

Definition/ 
Description 

Number of 
inputs 

 

Basic 
Event with 
naive data 

The event for 
which the 

probability of 
occurrence is 

roughly available 

0 

 

OR gate 
for naive 

data 

The output event 
occurs if any of the 
input events occur 

2  

 

AND gate 
for naive 

data 

The output event 
occurs if all of the 
input events occur 

2  

 

NOT gate 

The output event 
occurs only if the 
input event does 

not occur 

1 

 

B. Basic event with naive data 

A basic event with naive data has two parameters for the 
minimum and maximum of the values assigned to each event.  

For the i-th basic event, these are respectively shown as min
iF   

and max
iF .  Figure below shows the symbol for a basic event 

with naïve data where the approximate notation is combined 
with the standard notation for basic event. 

 

Figure 1. Symbol for basic event with naive data. 

C. AND gate for naive data 

The output of AND gate occurs if all the input events occur. 
Figure 2 shows a naive fault tree with two basic events A and 
B resulting an intermediate event C.  

 

 

 

 

 

 

 

 

 

Figure 2. Presentation of AND gate with naive basic events.
  
 

To formulate the AND gate, if the i-th basic event varies 
between a minimum and maximum, these are respectively 

shown as min
iF   and max

iF  . Then production of n basic events 

at time t result the following 

   min min

2

n

i
i

F t F t


    ( 1 ) 

   max max

2

n

i
i

F t F t


    ( 2 ) 

For clarification, assume that the probability of occurrence 
of event A, P(A), varies between two values a and b: 

 a p A b  , and the probability of occurrence of event B, 

P(B), varies between two values c and d:   c p B d  . 

Then one concludes that  . .a c p A B b d  and 
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 . .a c a c p A B b d b d      , which is indeed a 

result of monotonicity in input functions.  

D. OR gate for naive data 

The output of OR gate occurs if one of the input events 
occur. Figure 3 shows a naive fault tree with two basic events 
A and B resulting an intermediate event C through an OR gate.  

A B

C

 

Figure 3. Presentation of OR gate with naive basic events. 

 

Formulation of OR gate in NFT results in the following 
formula. 

    min min

2

1 1
n

i
i

F t F t


      ( 3 ) 

    max max

2

1 1
n

i
i

F t F t


      ( 4 ) 

E. NOT gate for naive data 

For the NOT gate, the output occurs only if the input event 
does not occur. This is shown in Figure 4. 

 

 

Figure 4. presentation of NOT gate in NFT analysis. 

The mathematical formulation for the NOT gate is shown 
by the equations below. 

 

   min max1 iF t F t 
     ( 5 ) 

   max min1 iF t F t 
     ( 6 ) 

 

IV. EXAMPLE APPLICATION 

This section presents an example application for the use of 
fault trees in a context of a system that its failure depends on 
the failure of its subsystems. The example fault tree is shown 
in Figure 5 where four independent events may lead to system 
failure. According to the given fault tree, Event 1 and Event 2, 
Event 3, or Event 4 contribute to the top event which is the 
system failure. Probability of occurrence for each one of these 
basic events are presented in Table 2, and the exact value for 
each basic event is not known.  

 

 
Table 2. This table presents input data for the Naive Fault Tree 
presented in Figure 5. 

Basic event Min. prob. of 
occurrence 

Max. prob. 
of 

occurrence 

Description 

Event 1 6e-1 8e-1 Subsystem 1 
fails 

Event 2 3e-1 6e-1 Subsystem 2 
fails 

Intermediate 
event 

18e-2 48e-2  Subsystem 1 
& 2 fail 

Event 3 9e-2 18e-2 Subsystem 3 
fails 

Event 4 15e-2 30e-2 Subsystem 4 
fails 

Intermediate 
event 

254e-3 405e-3 Subsystem 3 
& 4 fail 

Top event 39e-2 69e-2 System fails 
 

As a result of given intervals for the basic events, the probability 
of occurrence for the intermediate events and the top event can be 
calculated. As presented in Table 2, there is not a single value 
assigned to the top event but a range of expected values. 

Figure 5. Fault tree representation of a system.
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V. CONCLUSIONS 

The paper uses the principals of the well-established fault 
tree analysis, enables it to cope with a range of inputs instead 
of a single value, and extends its application such that it 
embraces uncertain input data. The suggested approach enables 
traditional fault trees to cope with uncertain data making them 
appealing for the use in early design phases of systems. 

 

REFERENCES 

 
[1] IEC, "CEI IEC 61025 Fault tree analysis (FTA)," 

2006. 
[2] NASA Systems Engineering Handbook: National 

Aeronautics and Space Administration, NASA 
Headquarters, Washington, D.C. 20546, 2007. 

[3] E. T. Jaynes, Probability Theory The Logic of 
Science: Cambridge University, 2003. 

[4] M. Rajabalinejad, “Naive Fault Trees for Safety 
Evaluations in Early Project Phase,” Journal of 

Safety Studies, vol. 2, no. 2, 2016. 

[5] Y. A. Mahmood, A. Ahmadi, A. K. Verma, A. 
Srividya, and U. Kumar, “Fuzzy fault tree analysis: a 

review of concept and application,” International 
Journal of System Assurance Engineering and 
Management, vol. 4, no. 1, pp. 19-32, 2013. 

[6] S. H. Chen, and C. A. Pollino, “Good practice in 
Bayesian network modelling,” Environmental 

Modelling & Software, vol. 37, pp. 134-145, 2012. 
[7] A. Bobbioa, L. Portinalea, M. Minichinob, E. 

Ciancamerlab, and S. more, “Improving the analysis 
of dependable systems by mapping fault trees into 

Bayesian network.” 
[8] V. R. Renjith, G. Madhu, V. L. Nayagam, and A. B. 

Bhasi, “Two-dimensional fuzzy fault tree analysis for 
chlorine release from a chlor-alkali industry using 

expert elicitation,” J Hazard Mater, vol. 183, no. 1-3, 
pp. 103-10, Nov 15, 2010. 

[9] IEC, "IEC 61508-4 Functional safety of 
electrical/electronic/programmable electronic safety-

related systems – Part 4: Definitions and 
abbreviations," 2010. 

 

35th International System Safety Conference 
Albuquerque, New Mexico USA, August 21-25 2017




