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In our initial steps in the study of Reliability or
Fallibility or Unreliability of a system, we usually start
with analyzes of simple systems, ie systems with block
diagrams (units) in series or in parallel, or both, that is,
with serial-parallel block diagrams. The mathematical
expressions used in these diagrams are already well
known to us. However, there are systems whose
diagrams are not only series or parallel, nor serial-
parallel; They are so-called complex systems. In these
cases, we must use other resources to resolve them. This
is the theme of this IYK. We must say that the subject
requires reasonable attention.

Let us first recall that Reliability is the probability that a
system will operate successfully for a time t, under
certain conditions, being represented by the letter R.

Let us then consider, at the outset, the block or unit
diagram in Fig. 1. It is a simple serial-parallel diagram.
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Fig. 1 - Example of serial-parallel system

To facilitate the calculation of the reliability of the
system, we start with the parallel branch (2, 3),
considering that (2) and (3) perform the same function,
as in aviation redundancies. The failure of the entire
parallel branch will only occur if there is a failure of (2)
and (3). Thus, the fallibility F (t) of the parallel branch is
Fp = F2.F3 where F; and F3 are the fallibility of (2) and
(3), respectively. A block P, in series with block (1), is
then produced, as in figure 2.
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Fig. 2 - Serial system resulting from the system of Fig. 1

Taking into account that R + F = 1, the reliability of the
block P will be given by R = 1 - Fp. Therefore, the exact
Reliability of the system is:
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Rs=Ry. Rp=Ry. (1-Fp)

Simple, right? Now, let's look at the block diagram of
Fig. 3. Now, we have a complex system.
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Fig. 3 — Example of Complex System

Note that if there were no unit 5, the system would be a
series-parallel type with three paths from input to
output, namely: (1, 3, 6), (1, 4, 7) and (2). But, with the
presence of unit 5, we have 5 trajectories between those
points: (1,3,6), (1,4, 7),(1, 3,5, 7), (1,4, 5, 6 ) and (2).

How to determine the System Reliability? Complicated,
no? Yeah, but fortunately, there are always people
thinking about serious things. One of them was
Shooman, M. L. (V. Ref. 1), who in 1990 presented a
method to solve this type of problem. This is the so-
called Path-Tracing Method.

The important entities of the method are the so-called
path sets and the cut sets. A path set (PS) is a set of units
that form a serial connection between the input and the
output of the system, following the arrows of the path
considered. (1, 3, 6), (1,4, 7), (1,3, 5,7), (1, 4, 5, 6) and
2).

A minimal path set (MPS) is a set with a minimum
number of units required to ensure the connection
between the input and the output. In the case of Fig. 3,
the MPS’s are the trajectories T1 = (1, 3, 6), T-= (1,4, 7)
and Ts = (2). The sets (1, 3, 5, 7) and (1, 4, 5, 6) are not
MPSs because (1, 3, 6) and (1, 4, 7) are sufficient to
guarantee the two trajectories that pass by the parallel
branches.

On the other hand, a cut set is a set of units that fail to
interrupt all possible connections between the input and


mailto:/jberquo@gmail.com

the output. They are in the Fig. 3: C1 = (1, 2), C2 = (3, 4,
2),C3=(6,7,2),C4=(3,57,2),andCs=(4,5,6,2).

A minimal cut set (MCS) is the smallest set of units to
ensure a flow interruption to the outlet. The MCS’s are
the sets: (1,2), (3,4, 2) and (6, 7, 2).

Considering initially the MPS’s, we can say, strictly, that
the reliability of the system is given by the relation (1),
next, but only if the MPS’s are disjoint.

Rs=Pr(T;U Tz U T3) = P(T1)+P:(Tz)+P-(T3), 1)
where Uis the "union” symbol of Boolean Algebra.

However, in our example, two of the MPS’s, T; and T,
are not disjoint because they both contain the unit 1. In
this case, the exact expression is given by

Rs = Pr (T: U Tz U T3) - Pr (TiNT:NT3), or more
precisely:

Rs = [Pr(T1)+Pr(Tz)+Pr(T3)] - [Pr(T:NTz) + Pr(T:N
Ts) + Pr(Tz: N Ts)] (2)

Where N is the "intersection” symbol of Boolean
Algebra.

Note that (TiNT2z) = (1), but (TINT3) = () and (TN T3)
= (), ie, there are no the intersections (T:NT3) and
(T:NT3). We say then that the Tis are almost or highly
disjoint, or that the value of (2) is very close to the value
of (1). In any case, it is useful to write:

Rs< Po(T1)+P:(T2)+P:(Ts), 3)

i.e. with the equality signal replaced by the inequality
signal, indicating that the system reliability value does
not exceed the value given by expression (1). It is a
useful expression, especially for the usual mission times
of commercial aircraft travel.

The approximation given by (3) is so the the lower is the
reliability of the units that integrate the Tis, which is not
really usual in practice, due to the current technology,
which confers very high values to the reliability of the
units, especially for electronic units. The approximation
given by (3) is the better the lower the reliability of the
units within the T;s

However, let us calculate the value of expression (1),
assuming that the units are electronic (high reliability),
which allows us to use the expression e R = e~** = Exp(-
At)1  for the reliability of the units. Consider, for
example, the following failure rates for MPS’s: 2;= 1.10,
A2=1.10% A3=2.10° and A4 = 15 = 1.10*.

We have so with t=1h:

Rs<e = Exp[-(A; + Ao+ A3+ A4+ As) =Exp [-(1.106
+ 1105 + 2105 + 1.10* + 1.104)] = Exp(-0,000231)=
0,9998.

1 . . .
Where A is the failure rate of one unit.

Well, there is another way to calculate Reliability,
starting from the expression of Fallibility F. IfR + F = 1,
thenR=1-F.

The Fs Fallibility, in turn, can be obtained from the
minimum cut sets (MCS's) by the following expression:

F5=PF(C1 UCzUC3U.... UCn.1UCn) (4)

AsR+F=1, We have Pr(C1UC2U C3....Ch.iUCr )= 1-
0,9998 = 0,0002 = 2,0.10+.

But, as in the case of the MPS's, the expression will only
be accurate if the MCS's are disjoint, which does not
occur with the example of Fig. 3, since units 2, 3, 4, 5, 6
and 7 are present in more than one MCS. Thus, the
expression (4) gives a value for the F; Fallibility slightly
larger than the exact value given by expression (5),
below.

Fs=Pr(C;UCzUCsU....UCh1U Cn ) - Pr(C:NC;
NCsN ... NCy), 5)

which is less than the value given by (4). Then, using (4)
we have to write:

Fs<Pr(C;UCzUCs....Chq1U Cy).

As R =1 - F, we can write:

Rs>1 - [Pr(C;VU C2UC3U ..UCs5) =1 - [Pr(C)V
Pr(Cz) U Pr(Cs) U ... UPF(Cs)] (6)

This time, with the inequality signal, but now indicating
that the value of Rs actually surpasses the value
obtained by Expression (1).

Remember that depending on the complexity of the
system, the best way is to solve the problem with the
help of a dedicated SW computer.

Well, let's conclude here, also stating that the Minimal
Cut Sets (MCS’s) technique is also applicable to FTA
(Fault Tree Analysis).

On another occasion, we will discuss this.
Thank you and see you next time.
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