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Nowadays system reliability performance represents a key issue and being reliable becomes a fundamental re-
quirement of products in many manufacturing fields. The paper is focused on the reliability improvement of
fault tolerant complex systems using component Reliability Importance (RI) procedures in order to assess the im-
pact of each component on the overall system reliability. This study is focused on RI assessment during design
stage with the aim of optimizing engineers' efforts and focusing on components with the greatest effect on the
whole system. The first part of the paper focuses on a particular Reliability Importancemeasure, the Credible Im-
provement Potential (CIP), which is the most suitable RI metric for our purpose. The Reliability Importance as-
sessment on a dedicated case study based on fault tolerant complex system is then proposed and results are
discussed in detail.
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1. Introduction

Reliability is a fundamental requirement of a product, in particular in
industrial fields where the number and variety of failures is exponen-
tially growing togetherwith newborn technologies, product complexity
and miniaturization of components. This is the reason on the basis of
which design engineers focus their attention on both functional perfor-
mance and RAMS assessment (Reliability, Availability, Maintainability
and Safety) in order to meet customer specifications. It is known that
the correct approach to consider the RAMS assessment is in the design
phase when the feedbacks should be available to modify the starting
project and avoid preventable economic loss and time [1–3].

The paper is focused on reliability improvement of complex systems
using one of themost trustworthy and efficient procedures, the Reliabil-
ity Importance (RI). It can be considered as ameasure of the impact each
component has on the overall system reliability. Taking into account the
RI assessment during design stage, engineers can optimize efforts to im-
prove the system reliability focusing on the components that have the
greatest effect on the whole system. In fact, thanks to these real-time
feedbacks, designers are allowed to found the system advancement on
Reliability Importance outcomes, compare different solutions, prove
system robustness and reduce time for improvements.

The first steps to achieve RI parameters are represented by the anal-
ysis of the system and the reliability assessment that requires a deep
knowledge of the system itself; one of the most used technique is Reli-
ability Block Diagram (RBD), that is a top-down technique based on a

functional diagram of all the components making up the system. A
RBD shows how component reliability contributes to failure or success
of the whole system with a one-to-one correspondence between com-
ponents and each block that is described by a specific failure rate and
its connections with the rest of the system.

Once the reliability of the system under analysis has been achieved,
the designers can identify the least reliable component in the system in
order to improve the whole system reliability. For systems character-
ized by series functional configuration the Reliability Importance of
components is easily achievable because it is just function of the single
failure rate. The least reliable component has the biggest effect on the
system reliability and system reliability can be enhanced improving
the reliability of that component first. This procedure become quite dif-
ficult in more complex systems where the importance of each compo-
nent of the system depends on multiple factors such as location of the
component in the system, reliability of the component under analysis
and uncertainty in our estimate of the component reliability. Compo-
nent approach is essential to quantify the contribution of each individu-
al element to the overall system reliability performance.

There are many techniques to assess Reliability Importance parame-
ters but in any case the RI outcomes are an important benefit for design-
er since they can identify the weakest components with the biggest
impact on system performance in order to prioritize re-design actions
to be taken (reliability improvement) or suggest the most effective
way to operate and maintain system status.

The paper is organized as follows. Section 2 describes the assump-
tions of the RBD approach used to evaluate system reliability. The Reli-
ability Importance measures are presented and discussed in Section 3.
The test case focused on a fault tolerant complex system and its RI

Microelectronics Reliability xxx (2016) xxx–xxx

⁎ Corresponding author.
E-mail address: lorenzo.ciani@unifi.it (L. Ciani).

MR-12078; No of Pages 7

http://dx.doi.org/10.1016/j.microrel.2016.07.055
0026-2714/© 2016 Elsevier Ltd. All rights reserved.

Contents lists available at ScienceDirect

Microelectronics Reliability

j ourna l homepage: www.e lsev ie r .com/ locate /mr

Please cite this article as: M. Catelani, et al., Component Reliability Importance assessment on complex systems using Credible Improvement
Potential, Microelectronics Reliability (2016), http://dx.doi.org/10.1016/j.microrel.2016.07.055

http://dx.doi.org/10.1016/j.microrel.2016.07.055
mailto:lorenzo.ciani@unifi.it
Journal logo
http://dx.doi.org/10.1016/j.microrel.2016.07.055
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/mr
http://dx.doi.org/10.1016/j.microrel.2016.07.055


assessment are described in Sections 4 and 5, respectively. In Section 6, a
discussion about the RI evaluation results is presented and, finally, the
conclusion is given in Section 7.

2. RBD approach assumptions

The first step to achieve Reliability Importance evaluation is to re-
duce thewhole system to a Reliability BlockDiagram. This step is neces-
sary to apply the mathematical methods proposed.

Referring to the international standard IEC 61078 [4], the assump-
tions to develop the RBD and to calculate the reliability parameters
can be summarized as follows:

– System components have only two valid states:working (“up” state)
or failed (“down” state); intermediate or partial working is not
allowed. On the basis of this assumption, the system state can be
considered as a discrete random variable.

– Failures are independent each other so the faulty condition of a com-
ponent does not affect the probability of failure of any other item
within the system. On the basis of this assumption, the probability
of failure of the block A, P(A) – for example – is not related (i.e. inde-
pendent) with the probability of failure P(B) of the block B, and vice
versa.

P A Bjð Þ ¼ P Að Þ; P B Ajð Þ ¼ P Bð Þ ð1Þ

– Sequential events are not taken into consideration and the system
analysis stops when the first fault occurs. For this reason, this ap-
proach is not suitable for order-dependent or time-dependent
modeling.

– System items are considered in “useful life” so failures can be consid-
ered randomevents and the failure/hazard rate λi is assumed as con-
stant in the time, that is:

λi tð Þ ¼ λi;with i ¼ 1…n ð2Þ

being n the number of items of constituting the system.

– The probability density function of failure f(t) is an exponential dis-
tribution. Considering the useful-life period and assuming random
failures, f(t) and reliability function R(t) can be written as follows:

f tð Þ ¼ −
dR tð Þ
dt

¼ λe−λt ð3Þ

R tð Þ ¼ exp −
Zt

0

λ tð Þdt
8<
:

9=
; ¼ e−λt ð4Þ

– Components are defined by the Mean Time To Failure (MTTF) as:

MTTF ¼
Z∞

0

t � f tð Þdt ¼
Z∞

0

R tð Þdt ð5Þ

This definition is valid also for Mean Time Between Failures (MTBF)
when referred to systems composed by two or more components.

These hypotheses are mandatory to achieve a reliability prediction
and consequent importance measure; otherwise the proposed RBD ap-
proach would not be put in practice.

3. Reliability Importance measures

Many different Reliability Importance indices developed for differ-
ent purposes are proposed in literature but most of them are specific
methods for dedicated applications and they are not suitable for a
generic complex system [5–10]. In this paper are described the two
metrics that turned out to be the best Reliability Importance measures
for our purpose after many test on different test cases. These methods
are Improvement Potential (IP) and Credible Improvement Potential
(CIP).

Improvement Potential index establish how much the system reli-
ability would benefit frommaking one component completely reliable;
in other words it assess the maximum potential in improving a specific
component reliability [5]. IP measure is the difference between the sys-
tem reliability with a perfect component i and the system reliability
with the actual component, as follows:

IIPi tð Þ ¼ Rs t;Ri tð Þ ¼ 1½ �−Rs tð Þ ð6Þ

where IIIP(t) is the Improvement Potential index of component i at time t,
RS(t) is system reliability at time t and Ri(t) is reliability of component i
at time t.

Aweakness of this reliability index is that is not actually possible im-
proving component reliability Ri(t) to 100% so the supposed improve-
ment is not physically achievable.

For this reason a new Reliability Importance measure was intro-
duced, the Credible Improvement Potential metric.

CIP solves the issue described above improving Ri(t) to a new value
Ri
+(t) that represents the reliability corresponding to the state of the

art for this type of components [5,7,11–14]. CIP definition is shown
below:

ICIPi tð Þ ¼ Rs t;Ri tð Þ ¼ Ri
þ tð Þ� �

−Rs tð Þ ¼ ΔRs tð Þ ð7Þ

where IICIP(t) is Credible Improvement Potential index of component i at
time t and Ri

+(t) is the improved reliability of component i at time t.

Fig. 1. Case study Reliability Block Diagram.
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