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Course Content
1. Introduction

2. Inventory Theory

3. Safety Stock in Manufacturing Systems

4. Elements of Queueing Theory

5. Productions Flows

6. Production Dipole

7. Production Lines and Aggregation

8. Cooperative Flow Dynamics

9. Introduction to Queueing Networks

10. Supply Chain Analysis

11. Elements of Reliability Analysis

12. Maintenance Policies
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We distinguish:

software reliability human reliability

hardware reliability
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Reliability of an item (hardware)
4MSSCD, Chapter 11



Reliability of an item
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Reliability of an item: Weibull distribution
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Reliability of an item

α α

Use the Matlab command

pd = fitdist(x,’Weibull’)

to estimate the Weibull shape and scale parameters fitting the data in x 
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Reliability of an item
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The failure rate z

Typical shape of a failure rate: bathtube
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A first (and useful) example

Suppose 𝑇~𝐸𝑥𝑝(λ) , show that the associated failure rate is a constant!

close to constant
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z(t), R(t) and F(t) have the same information content!

Estimating z(t) is as difficult as estimating f(t) or R(t)
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A second example
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A last calculatory example
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Estimate the 
failure rate z(t):
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Estimate the 
failure rate z(t):
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Estimate the 
failure rate z(t):
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Estimate the 
failure rate z(t):
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Increasing failure rate: aging
decreasing failure rate: hardening/debugging
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Increasing failure rate: aging
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Increasing failure rate: aging
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Bounds for IFR with E(T)=μ=1

μ
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Bounds for IFR with E(T)=μ
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Reliability of a system composed of subsystems

R(t)=?
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Reliability of a system

R(t)=?
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Reliability of a system
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Reliability of a system

Structure function
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Series structure and parallel structure

Structure function
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The k-out-of-n structure

Structure function
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Reliability of a structure
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Reliability of a structure with
independent
components
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Reliability of a structure with
independent
components
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Reliability of a structure with
independent
components
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Reliability of a structure with
independent
components
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Reliability of a structure with
independent
components
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Reliability of a structure with independent 
components
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Reliability of a structure with independent
components
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Roule 0 for the design of backup structures

?: 𝑹𝟏 < 𝑹𝟐
?: 𝑹𝟏 > 𝑹𝟐

𝑹𝟏
𝑹𝟐

𝒑′𝟏 𝒑′𝟐

𝒑𝟐𝒑𝟏 𝒑𝟏

𝒑′𝟏 𝒑′𝟐

𝒑𝟐

Example
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Roule 0 for the design of backup structures

Replication at the component level is more effective: 𝑹𝟏 < 𝑹𝟐

General
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