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4S.1 Understanding Reliability
Product failure is familiar. At one time or another, everyone has faced the frustration of a computer 
crashing, a smartphone failing, or malfunctioning automobiles or household appliances. Airlines and 
electric utility companies experience mechanical problems or power outages as a result of system 
failures, bad weather, or accidents. Recently, a computer glitch caused the “big board” at the New 
York Stock Exchange to halt trading for nearly four hours, costing firms millions as jittery investors 
tried to dump stocks to get out of the market.2 Because product failures can and do occur, companies 
introducing new products provide product warranties, maintenance guarantees, technical assistance, 
and part repair. With the propensity of a product or system to fail and the serious consequences that 
accompany such failures, a separate field of study known as reliability has evolved to analyze and 
estimate the likelihood of product and system failures over time.

Estimating Reliability
Reliability can be defined as the probability that a component, product, or system can perform its 
intended function over a period of time under a given set of normal operating conditions of its use. 
For example, a household vacuum cleaner having a 98% reliability means that 98% of the time it can 
perform its intended function of picking up dirt from a carpet without failure or malfunction for a spec-
ified duration (e.g., a year). The key phrase in the definition of reliability is under a given set of normal 
operating conditions of its use. In the case of a household vacuum cleaner, the given set of normal oper-
ating conditions is its use to clean carpets. If it is used to pick up gravel in your driveway or vacuum 
up spilled water, then it is not being used for the normal operating conditions for which the vacuum 
cleaner was intended. Similarly, when car manufacturers offer a three-year or 50,000-mile warranty on 
new cars, the given set of normal operating conditions of its use will require the car owner to observe 
the required maintenance procedures, including periodic inspections and oil and filter changes. The 
warranty on the car would be null and void if these maintenance procedures were never followed.

Because a product or system is made up of many components, the overall reliability of a product or 
system depends on the reliability of its individual components and the way in which they are arranged. 
By ascertaining the number of working or failing components, the reliability of the product or system 
can be established. For example, for a system to function properly, all of its individual components 
must also be working. In that case, the overall reliability of that system is a product of the reliabilities 
of its individual components. Thus, if there are n components in a system (S) with individual reliabilities 
of R (C

1), R (C2), R (C3), etc., up to R (Cn), then the overall reliability of the system R (S) is given by:

R (S) = R (C1) × R (C2) × R (C3) … × R (Cn)

Let us illustrate this formula with an example. Suppose a product has three components arranged in 
a series as shown in Figure 4S.1.

If each component has a reliability of 0.95, then the overall reliability of the system R (S) is given by:

R (S) = R (C1) × R (C2) × R (C3) = 0.95 × 0.95 × 0.95 = 0.857

We interpret this result to mean that at any given time, when using the product, there is an 85.7% 
likelihood that the product will function correctly for a specified duration. The reliability of the system 
in Figure 4S.1 is the product of the three component reliabilities. The computation of the reliability of 
the system assumes that the reliabilities of the three components are independent events. According 
to probability theory, the concept of independence in this context means that one component working 
or failing in no way affects the probability that another will work or fail.

Notice that the overall reliability of 0.857 for the system is significantly less than the reliability 
of 0.95 of the individual components. From the example, we can infer that for any product, as the 
number of components arranged in sequence increases, the overall reliability of the product decreases. 
Hence, in product design, simpler designs with fewer components are likely to improve reliability.

FIGURE 4S.1: Three Components Arranged in a Series
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