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The model of the P-system that is used by the  
C-system must be aware of the progression of  

Real time. 
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An appropriate model of RT communication must consider  
timeliness as important as correctness. 
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Cyclic Representation of Time
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1    Start of Cycle
A   Observation of Sensor Input
2    Start of Transmission of Sensor Data
B   Transmission of Input Data  
3    Start of Processing of Control 

Algorithm
C    Processing of Control Algorithm
4  Termination of Processing
D    Transmission of Output  Data
5  Start of Output to Actuators
E     Output Operation at the Actuator
6  Termination of Output Operation
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Operational Specification

Operational Specification:
  Operational Input Interface Specification 

• Syntactic Specification (e.g. by IDL) 
•  Input Assertion 

  Operational Output Interface Specification 
• Syntactic Specification (e.g. by IDL) 
• Output Assertion 

  Interface State: contents of data structure at  
ground state . 

Specification of the assertions is important. 
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•   The representation of the information in the two clusters 
    will be different, but the semantic content of the 
    message variables must be the same. 

Green LIF                            Red LIF 
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What is Needed to Implement TMR?

What architectural services are needed to implement 
Triple Modular Redundancy (TMR) at the 
architecture level?

  Provision of an Independent Fault-Containment Region 
for each one of the replicated components 

  Synchronization Infrastructure  for the components 
  Predictable Multicast Communication 
  Replicated Communication Channels 
  Support for Voting 
  Deterministic (which includes timely) Operation 
  Identical state in the distributed components 



Triple Modular Redundancy (TMR)

Triple Modular Redundancy (TMR) is the generally 
accepted technique for the mitigation of component 
failures at the system level:  
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On-Chip TMR
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