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Static WCET analysis 

flow analysis 
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 max T=xA.cA + xB.cB+ xC.cC + xD.cD + xE.cE



xA = 1 
 
xA = xAB

xB = xAB + xEB 
xB = xBC + xBD

xC = xBC 
 
xC = xCE

xD = xBD 
 
xD = xDE

xE = xCE + xDE 
xE = 1 + xEB


xEB ≤ 255.xAB; 
 xBC ≤ 0.5 xB; 


low-level 
analysis 

cA = …; cB = …; cC = …; cD = …; cE = …;


even = 0;

odd = 0;

for (i=0 ; i<N ; i++) {



if (i%2 == 0)


 
even++;


else


 
odd++;
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WCET analysis on multicores 

worst-case cost of a basic block? 

instruction fetch latencies? 
data load/store latencies? 

1st challenge: multicore architecture 
 conflicts to shared resources? 
 ⇒ time-predictable architecture  
 (known upper bounds for latencies) 

 
2nd challenge: parallel programming 

 inter-thread synchronisations generate 
 waiting times 
 ⇒ need to bound them!   
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Timing analysis of synchronisations 
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Worst-case waiting times 
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Timing analysis of 
synchronisations 

§  Computing WCWTs 

flow analysis 

loop bounds 
infeasible paths 

low-level analysis 

worst-case costs 
of basic blocks 

WCET analysis of a parallel application 

WCET of code fragment 
without stall 

WCWT related to each 
synchronisation operation 

recursive 

starting from the main function 
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Implementation in OTAWA 

description of 
synchronisations 

recursive WCWTs analysis 
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Achievements and plans 

§  Current state 
§  General procedure defined 
§  Annotation language specified 
§  Preliminary version implemented and used on toy 

examples 

§  Future work 
§  Refined analysis of synchronisation primitives 
§  Assistance to code annotation 
§  Visualisation 
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Verification and Profiling Tools in parMERASA
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parMERASA
Multi-Core Execution of Parallelised Hard Real-Time 

Applications Supporting Analysability



Tool Challenges

• Understanding legacy software and dependencies
• Concurrency bugs, diagnostics
• Complexity of communication

Software 
Design

• Hardware: cores interact: buses, shared memory, 
cache coherency, …

• Software: parallelized applications are complex –
synchronization and waiting times

Timing 
verification

• Visualization & Comprehension
• Coverage/on-target testing
• Repeatability/testability

Testing
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(Context: Verification of Parallel, critical systems software for Multicore )



Rapita Tool Support

Design 
Support

• Dependencies 
in legacy 
software

• Communication 
profiling

In-depth 
tracing

• Visualization 
techniques

• Graphical view

Timing analysis

•• RapiTime for 
Multicore

• Worst case 
execution times

• Multi-core 
profiling
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Extensions of RVS technology



Tool requirements

First stage: derive a master set of tool requirements
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Tool specifications

Identified 5 tools to be developed to support the parMERASA project
Driven by demand by the application/industrial partners
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5: Tool to assist with the parallelisation of existing sequential software2: Extensions to RapiCover to support the analysis of parallel programs1: Extensions to RapiTime to support the analysis of parallel programs3: Memory, cache and stack analysis tool for parallel programs5: Visualization and profiling tool for parallel programs



Dependency Tool
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To parallelize old/legacy software – where do you start?
– Minimize the communication
– Identify independent parts

Use trace/profiling information to support parallelization



Tool development: parallelisation 
assistant
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RapiTime for Multi-core

Automated timing measurements for multicore
• Blocking, waiting, synchronization times
• Analyse parallel activities simultaneously

Waiting time calculations involving:
• Critical sections, barrier synchronisation etc

WCET: worst case execution times

“High water marks” (maximum measurements), profiling etc.
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Mult icore



Tool development: WCET for parallel 
applications
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Object codeSource code 

Test data



Conclusion

Software verification for multicore is challenging
– We focus on the timing and profiling parts

In parMERASA, having some control over the application 
and the hardware makes this easier
General multi-core timing analysis is hard, but achievable
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