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Types of constraints

• Timing constraints

– activation, completion, jitter.

• Precedence constraints

– impose an ordering in the execution.

• Resource constraints

– enforce a synchronization in the access of 

mutually exclusive resources.
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Resource constraints

• To preserve data consistency, shared resources must 

be accessed in mutual exclusion:
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Mutual exclusion

• However, mutual exclusion introduces extra delays:
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Handling shared resources

• Problems caused by mutual exclusion
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Priority Inversion
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Priority Inversion :    

Conflict on a critical section



8 / 40

Resource Access Protocols

• Under single processor systems

– Non-Preemptive Protocol (NPP)

– Highest Locker Priority (HLP)

– Priority Inheritance Protocol (PIP)

– Priority Ceiling Protocol (PCP)

– Stack Resource Policy (SRP)

• Under multiprocessor systems

– Multiprocessor Priority Ceiling Protocol (MPCP)

– Multiprocessor Stack Resource Policy (MSRP)
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Non Preemptive Protocol
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Schedule with NPP
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Remarks on the NPP
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Highest Locker Priority
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Schedule with HLP
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Priority Inheritance Protocol (PIP)
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Types of blocking
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Schedule with PIP
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Remarks on the PIP
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Chained blocking with PIP
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Priority Ceiling Protocol
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Resource Ceilings with PCP
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Schedule with PCP
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Deadlock avoidance with PCP
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Remarks on the PCP
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Guarantee with RM (D = T)
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Stack Resource Policy (SRP)
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Remarks on the SRP
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EDF Guarantee (Di = Ti)
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Remote Blocking

• J4 wants to lock S, but S is locked by J3. 

• J4 must also wait for J1 and J2 to complete.

• Must prevent J1 and J2 from running until J3 unlocks S.
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Multiprocessor Priority Ceiling Protocol (MPCP)
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Multiprocessor Stack Resource Policy (MSRP)
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Ada-2005
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Beyond Ada 2005: 

Allocating Tasks to Processors

• Ada allows a program’s implementation to be on a multiprocessor 
system. However, it provides no direct support that allows 
programmers to partition their tasks onto the processor in the given 
system [Wellings and Burns - University of York].

• Since Kernel version 2.5.8, Linux has provided support for SMP 
systems via the notion of CPU affinity. Each process in the system 
can have its CPU affinity set according to a CPU affinity mask. 

• Thus, we took an approach using the Ada pragma feature to 
interface Ada to C functions that worked with the underlying system 
libraries. Accordingly, Linux processes are used instead of tasks.
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Allocating Tasks to Processors
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The set_affinity function
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Experimental results
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Task sets with randomly selected periods

and lighter resource usage
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Percentage of schedulable solutions, harmonic periods, 

and variable percentage of resource utilizations
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A comparison of MPCP and MSRP

with respect to priority changes and context switches
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Conclusion

• MSRP is a consistent extension of MPCP. 

• With MSRP, a task that locks a critical resource will always have its priority raised to 

that of the ceiling priority of the critical resource, throughout the protected operation. 

• One of the strengths of MPCP is that it does not raise priority until it is necessary to 

prevent priority inversion, so in many cases, the priority need not change. For this 

reason, MPCP adheres to priority scheduling better. However, there is still some 

overhead to determine whether a priority change is needed or not. 

• With MSRP, whenever we raise the priority of the lock-holder that is causing a 

temporary priority inversion, we gain over ‘no protocol’ by the fact that this inversion is 

strictly bounded in duration. 
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Future work

• Currently it is not possible to map tasks to processors 

with Ada or Real-time Java.  However, in the next full 

revisions it will be possible.  We plan to test both 

protocols and compare their performance and the 

performance of Ada and Java with respect to each other.


