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Overview

6.3.3 Simplex Computer System with Operable Backup

6.3.4 Dual Redundancy – Independent Systems



Purpose of Operable Backup

If the Simplex computer system fails to operate, it is possible 
to retreat to a more primitive low-risk system in order to 
continue overall operation.



Safety Failure Analysis

Most important safety concern is that the system will fail and 
place incorrect, possibly dangerous forces onto the manual 
system that the operator will not recognize or cannot 
overcome.



Redundancy Management
To detect failure, the computer conducts hardware and software tests. When a 
failure is detected, the system signals the operator, disengages it and assumes 
manual control using the backup system.



Example Backup System: Autopilot



Hardware Unreliability Analysis 

Unreliability: The probability of the backup system having 
critical failure and/or the simplex computer system having 
critical failure is denoted by Qsimback.

Qsimback = Qsim x PD x (1-Qback) + Qback



Markov Model
Another way to analyze unavailability and unreliability.



6.3.4 Dual Redundancy 
– Independent Systems
To avoid a degraded performance, 
the backup system is a standby 
duplicate system (Standby 
Redundancy).

The system is not connected but 
stands by as a spare unit ready to 
pick up the primary system’s duties.



Practical Considerations: Hot versus Cold 
Standby

Hot

Has the advantage of being 
immediately available should 
the primary unit fail.

Cold

Has the advantage of 
minimizing power 
consumption.



Practical 
Considerations: 
Synchronization

The primary and standby computers 
will have slightly different frame 
rates, meaning that any common 
computation employing pure 
counters, such as timers, will yield 
different results in the two 
computers.



Hardware Unreliability Analysis

Unreliability of the dual system: One or both of the systems 
failing is denoted by Qdual.

Qdual = Qpri x Qsby x (1-PDS) x Qpri x PDS



Markov Model – Dual System
Another way to analyze unreliability and unavailability.



Common-Cause Failure

Dual Redundancy must take Common-Cause Failure into 
consideration.

With two of the exact same systems, the rate at which they 
would fail in common is 

λcc = fcc x λnom



The Simplex Computer System with Operable 
Backup and the Dual Redundancy system are 
both good ways of designing Fail-Operate 
computer systems but no system is perfect! 



Any Questions?




