Adding two Weibull random numbers

Abstract
Adding two Weibull numbers.

Index Terms

Reliability
CONTENTS
(L____Problem Statement] 2
LA Definitiond . . . . . . o o o 2
I-B Run the first generator first until it dies|. . . . . . . . .. ... oo oL 2
I-C Interleave generator runs| . . . . . . .. Lo Lo 2
(11 Convolution integrals| 3
I-A Exponential distribution: =1 . . . . . . ... .. o o 3

Figure 1: Weibull, photo: Sam C Saunders, Pullman WA, USA

email: lquarktetra@gmail.com
Find the interactive HTML-document here.


mailto:quarktetra@gmail.com
https://tetraquark.netlify.app/post/adding_weibull/adding_weibull/index.html

I. PROBLEM STATEMENT

Consider having two generators one of which is redundant. If the generators are known to have a Weibull
like failure distribution, what is the probability distribution of losing two generators? One can think of two
ways of distributing the workload to two generators:

o Run the first generator until it dies, and then switch to the second one.
o Interleave the running between two generators to even out their workload.

We will first prove that in both cases, the reliability of a dual generator set up is the same.

A. Definitions

Let’s start with setting up the notation and the definitions. We will define failure probability density
function (PDF), cumulative failure distribution(CDF) and the reliability function (R) as follows:

PDF : f(t),t>0 (1)
CDF : F(t) :/o dr f(7) (2)
Reliability : R(t)=1— F(t). (3)

We will first prove that in both cases defined above, the reliability of a dual generator system is the same.

B. Run the first generator first until it dies

Define the time generator#1 dies as T} = t;. The second generator will turn on at ¢;. At any time ¢,
the effective clock on generator#2 will show ¢ — ¢; (obviously with ¢ > ¢;). Therefore the probability that
generator#2 will fail at ¢ given generator#1 failed at t; can be written as:

[y =tTy =t1) = f(t —t1)O(t — t1), (4)

where O is the unit step function ensuring ¢ > ¢;. This is the conditional probability of generator#2 failing
at t given that the first one failed at ¢;. To remove the condition, we need to multiply Eq. with the
probability of generator#1 to fail at ¢t; and integrate over ty:
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which is the convolution integral of f(t) with itself. We can compute the integral once we specify f, which
we will do later.

C. Interleave generator runs

In this case, the workload is uniformly distributed over both generators until one of them fails. After
the first one fails, the second one will continue alone until it also fails. This is actually a relatively simple
calculation since the system failure time will be the sum of the individual generator failure times. In the
context of random variables, we just need to compute the sum of two random variables, i.e. T = T} + T5.
The cumulative probability function of T is calculated as:



Fr(t)

P(Tl + T < t)
[ s
t1+t2<t

[e%s) t—to
/ / Iy (t2)dta fr (t1)dty

= / ]‘7T2 (t — tl)le (tl)dtl. (6)
The probability density function is the derivative of Eq. @:
d
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- / Ft = t0)f(t)dt, (7)

where the limits of the integral are truncated to the range where f # 0. Since Egs. and are identical,
we conclude that the system level failure distribution is identical in both cases.

II. CONVOLUTION INTEGRALS

We have shown that the failure distribution of a system with two generators is given by the convolution
integral of the individual generator failure densities. Let’s consider specific cases of f.

A. Ezponential distribution: § =1

This is a special case of Weibull distribution. f is parameterized by a single parameter A, which represents
the failure rate:

PDF : f(t)=Xe M t>0 (8)
CDF : / drf(r)=1—e M (9)
Reliability : R(t)=1-— =e M. (10)

From Eq. we get:

o) = /ft—t1 (t1)dtr
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which is actually a T distribution (this observation will prove to be critical for generic Weibull case). The
corresponding cumulative failure function is:
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And, finally, the reliability function reads:
R(t) = 1-Fp(t)=e M1+ Xt). (13)

B. Generic Weibull Distribution

Note that what made our computation super-easy was the fact that we enjoyed the homomorphism
property of the exponential function: e~(t=*) = e~te?1 which resulted in neat cancellations. We won’t
have that property for a generic Weibull distribution. This will make the convolution integral very hard to
compute. Before referring to numerical computation, let’s push our luck a bit. In the case of exponential
distribution for individual generators, we ended up with I" distribution. Maybe, the generalized I" function
will be a good fit for generic Weibull case. Generalized I" distribution comes with 3 parameters, which
provides (more than) enough degrees of freedom to fit Weibull distribution. The functional form of genI is

1]

(p/ad)tdflef(t/a)p
I'(d/p)

We are free to decide what p, a and d would be so that this function reasonably represents the sum of
two random variables. First consider p, which appears in the exponent as the power of ¢. From physical
perspective, this represents the failure mode type. We would like to keep it same as 3, i.e. p = 3, B being
the shape parameter of the generator Weibull distribution. As for the term t?~1: it is supposed to follow from
an integration of two t°~! terms multiplied together, that is t*~1. So, let’s try d = 2/3. One last parameter
we have to fix is a, and we can fix it in such a way that the mean value we will calculate using genI" will be
equal to the mean value of the sum of the two Weibull parameters.

The mean value of Weibull distribution, which is parameterized by scale parameter o and shape parameter
B, is given by:

genI'(t) (14)

poo= ol(1+1/p), (15)

which is per generator. For two generators, the mean value of the total time is

pur = 2aT(141/8). (16)
On the genl side the mean value is
Td+1)/p] _ T2+1/5]

S 7 e "o

where we used p = 8 and d = 23. We require these two to be the same, i.e., figenr = 7. Solving this equality
for a, we get:

B I'[1+1/p]
a = 2am. (18)

So, the genI" with the selected parameters becomes:

genT'(t) = (B/a®)2P1e=W/0)" (19)

where a is defined in Eq. . This is the failure probability density fr(t), and the cumulative failure
probability, Frr(t) is computed as the integral, which results in y(¢), known as [incomplete gamma function.
For our purposes, we can compute the integral numerically.


https://en.wikipedia.org/wiki/Incomplete_gamma_function

ITI. INTERACTIVE PLOTS
This is a static copy. Find the interactive plot

2.0 5000
B alhours)

o ®+ OB X+#&« Tag W G &+ OEE# Teg M
=== Single generator PDF === Single generator COF
== Dual generator PDF == Dual generator CDF

w1
- =
1 p—
T 150p %
C i 0.8
o [=}
= P
. [N
+ a1
F1o0p = 0s
a 5
2 E 0.4
o =
2 oo m
= 3 oz
E :

]

0 2k 4l (=1 =11 iol 0 2k 4l (=1 =11 iol
time(hours) time(hours)

Figure 2: PDF and CDF vs time

[1] Wikipedia, “Generalized Gamma Distribution — Wikipedia, the free encyclopedia.” https://en.wikipedia.|
lorg /wiki/Generalized gamma__distribution, 2019.
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