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Multicore processors are here



How many cores… in 10 years? By doing the math… …hundreds, even up to thousand
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Still many open design problems Interconnect Memory system Core microarchitecture Programming model …
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We need a simulator Focus of this talk is how to build a simulator for a 1000-core processor
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Not a general solution, but a possible solution for a well defined problem
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The problem Simulation of multithreaded applications on a shared memory architecture Application is Pthread or OPENMP HPC domain The architecture is a N-way multicore processor N less or equal to 1024
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The idea Given an application running on a single-CPU environment our simulator is able to re-schedule the instructions of each thread onto a simulated core respecting the dependencies imposed by the synchronization among threads Disclaimer: this is not a paper about scaling timed simulation
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thread0



multithreaded application



thread graph



thread1 thread2 thread3 thread2 thread4 …



for i = 1..N create thread i



for i = 1..N join thread i
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multicore model
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Agenda Implementation Experimental Results Related Works Conclusions
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Overview functional (full system) simulator trace



interleaver



multicore timed backend
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Thread identification functional simulator __switch_to() { ContextSwitch(TID) }



instr



ContextSwitch(TID) instr … 12



interleaver



instr



Interleaver Instructions are moved from the global_queue to the local_queue corresponding to the threadID of the instruction



global_queue



dispatch



isStalled



local_queue issue



Send instructions to the CPU model if the local_queue is not stalled 13



Example global_queue



dispatch



local_queue



issue 14



Synchronization Barriers, locks Implemented by selectively preventing a local_queue to issue instructions
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Synchronization is annotated in the source code



BARRIER_BEGIN



SPIN_LOCK_BEGIN



barrier()



pthread_multex_lock()



BARRIER_END



SPIN_LOCK_END



pthread_mutex_unlock() UNLOCK



Not only critical sections
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Barriers



Suspend those threads that have arrived at the barrier
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Example global_queue barr



barr



dispatch



local_queue barr



barr
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Locks



Suspend all contending threads, except for the owner of the lock
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Experimental Results Implemented in HP Labs COTSon framework Splash-2 kernels and applications Original dataset Scaled up dataset Ideal backend simple single-pipeline CPU model ideal memory model
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Scaling up to 64 cores Original Dataset



Woo et al. The SPLASH-2 programs: characterization and methodological considerations. ISCA 1995 21



Scaling up to 1024 cores Original Dataset
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Scaling up to 1024 cores Scaled Dataset



Singh et al. Scaling parallel programs for multiprocessors: methodology and examples. Computer, Jul 1993.
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IPC over time FFT
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IPC over time Barnes
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Related Works Direct execution simulators − Reinhardt et al. The Wisconsin Wind Tunnel: Virtual prototyping of parallel computers. SIGMETRICS Perform. Eval. Rev., 1993.



Abstractions of synchronization − Goldschmidt and Hennessy. The accuracy of tracedriven simulations of multiprocessors. SIGMETRICS Perform. Eval. Rev.,1993.



Trace-driven simulation for multiprocessors − Koldinger et al. On the validity of trace-driven simulation for multiprocessors. In ISCA-18, 1991. 26



Conclusions Methodology to simulate a multithreaded application on a manycore processor Rescheduling instructions from different threads on simulated cores This does not solve the problem of timed simulation
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Thanks
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Simulation Speed
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