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Introduction
Objective
The most explored and well-known memoryless distributions are the
exponential and geometric distributions. Noting that the geometric
distributions are the discretized versions of the exponential
distributions, we present a general algorithm for generating
memoryless distributions having support not limited to the
non-negative integers or the non-negative reals. Finally, we show a
few interesting examples to demonstrate how this algorithm works.
Memoryless Property
Let S be a set satisfying {0} ⊆ S ⊆ [0, ∞) such that its elements
are closed under addition; that is, for any x1, x2 ∈ S, x1 + x2 ∈ S.
A random variable X having support S above is said to be
memoryless if it satisfies the conditional probability:

Pr(X ≥ x1 + x2 | X ≥ x1) = Pr(X ≥ x2) (1)
for all x1, x2 ∈ S. Of note is that (1) can also be expressed as

Pr(X ≥ x1 + x2) = Pr(X ≥ x1) Pr(X ≥ x2) (2)
by applying the definition of conditional probability.
Common Examples
The two most common examples of random variables having
memorylessness are the exponential and the geometric distributions.
The exponential distribution is known to be the only continuous
memoryless distribution using (2) [1].
In addition to these common distributions, new families of discrete
and mixture-type distributions satisfying the memoryless property
are described in [2].
The most common applications of the memoryless property are of
waiting times. The time to fail of many electronic components (such
as computer parts) is approximately memoryless. For example, the
probability that a computer component will within a week is
independent of the fact that it has not failed for the past three
months (or however long).
Another application can be found in the number of Bernoulli trials it
takes before a success is observed. For example, the probability that
a coin will land on heads this next flip is independent of however
many tails have been observed since the previous heads.

General Algorithm

Description of the Algorithm [2]
Let fT (x; λ) the the probability density function (p.d.f.) of an exponential random variable
T with parameter λ, and let S be the support for which we want to generate a memoryless
distribution, with {0} ⊆ S ⊆ [0, ∞), and S be closed under addition. The general
algorithm then follows:

1 Choose some λ ∈ (0, ∞).
2 For each point mass in S, its probability mass function (p.m.f.) is given by calculating

the area under fT (x; λ) between the point mass and next smallest value in S.
Specifically, the p.m.f. at x1 ∈ S is given by e−x1λ − e−x2λ, where x2 is the next smallest
value in S.

3 For each point x in the disjoint subinterval of S, represented in the left-closed form
[ℓ, u), its p.d.f. remains the same as that of fT (x; λ). Moreover, if u < ∞, S also has a
point mass at u whose p.m.f. is calculated using Step 2.

Applying Algorithm to S = N0
By taking S as the set of non-negative integers, we can generate a geometric distribution
using our algorithm. Let gY (x) be the p.m.f. of Y , a random variable of some memoryless
distribution. Now, set λ = ln 2 ≈ 0.693 in Step 1. Noting that for N0, the elements are
always 1 apart (i.e., xn = n, n ∈ N0), in Step 2, we calculate point masses for Y as follows;

gY (xn) = e−xn(ln 2) − e−xn+1(ln 2) = exn(ln 0.5) − exn+1(ln 0.5) = 0.5n(1 − 0.5),
which corresponds to a geometric distribution with parameter p = 0.5. In general, using
this algorithm on N0 with arbitrary λ results in a geometric distribution with parameter
p = 1 − e−λ.

Figure 1: Diagrams illustrating the general algorithm with S = N0 and λ = ln 2.

Real-Life Application
Suppose we run an experiment in which we monitor how long a new
electronic component stays operational. The operating lifetime of
the electronic component is assumed to be exponentially distributed.
Here, we have a system where a computer automatically monitors
the electronic component and records the time at which it fails.

After initially setting up the system (that is, at t = 0 hours), the
computer is shut off immediately. Then, it is set to monitor the
electronic component every 6 hours for increasing lengths of time.
That is, at t = 6 hours, the computer is back on and monitors the
electronic component for an hour. After that, at t = 12 hours, it is
back on again and monitors the electronic component for two hours.

This pattern continues until t = 36 hours, in which the end of the
six-hour interval overlaps with the start of the next interval (at
t = 42 hours). At this point, the system is left on to continuously
monitor the electronic component until the component fails.

It is possible that the electronic component fails before t = 36
hours. In that case, as long as the component fails when the
computer is on, the computer automatically records the exact time
at which the component fails. On the other hand, if the electronic
component fails while the computer is off, the computer
automatically records the time the last observation interval ended.
The recorded time, depicted below, demonstrates a distribution of
the mixture type, which can be generated using our algorithm. That
implies that its distribution also possesses the memoryless property.
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