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Introduction Multi-core architecture: IBM Power5, Intel Montecito, Sun Niagara,… Dealing with interconnect latency



Multiprocessor System-on-Chip (MPSoC): Philips Nexperia, Intel IXP2850,... Heterogeneous cores integrated in a complete system Low-cost and low-power Programmed with ad hoc techniques



Focus of this paper: Synchronization for MPSoCs Embedded homogeneous multiprocessor (CMP) Busy-wait techniques (spin locks and barriers)



We propose a low-complexity and low-power optimization of busy-wait synchronization 3
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Background Basic sync. constructs for shared memory parallel programming Spin lock Used to protect critical sections while (!test&set(L)) {} /*critical section code*/ release(L);



Barrier Used to synchronize all threads B++; while(B < procs_num){}



event(B, proc_num)



Busy-wait, relying on polling of a shared variable
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Proposed Solution HW buffer for locks and events Synchronization-operation Buffer (SB)



Weak consistency model Memory read/write sequential ordering only for synchronization data All the data can be cached without needing coherence protocol, while synchronization variables are managed by the SB Cache invalidation required for shared data on each synchronization point



SB is in the Memory Controller and provides local management of spinning operations Independent of caches 5



MEDEA 2005



Locks The SB is a circular buffer Insertion in the SB on acquire_lock On release_lock ownership of the lock is updated O(1) #memory references and network transactions per lock acquisition
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Events event signals when variable is equal to event_value On event, insertion in the SB On each write, SB is searched and possibly event is signaled When an event is signaled, #network trans. is O(P) and, on event, #memory refs. is O(1) 7
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Target Architecture Separate private and shared memory space On-chip shared memory Off-chip main memory (private memories and instructions) Addressing space Non cacheable shared pages (synchronization) Cacheable shared pages Private pages (cacheable)
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Experimental Setup GRAPES



Cycle-based MPSoC simulation framework C++ & SystemC SimIt ARM Simulators (5 -stage pipeline) System-level power model Available upon request (mailing list on http://savane.elet.polimi.it/projects/grapes)



Benchmarks



FFT, LU-1, LU-2, Radix from Spalsh-2 Matrix, Norm



PARMACS parallel programming model
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Traffic Profile w/o SB Aggregate network badwidth Sync. traffic is dominant Norm benchmark



w/ SB



Barrier peaks reduction
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Performance Evaluation w/ caches and w/o caches for shared pages w/ SB and w/o SB w/ sync. pages caching and coherence protocol (directory based) SB improves performance on sync. intensive applications
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Energy Evaluation Effects on Memory: accesses reduction Interconnect: bandwidth reduction Processors: reduction of execution time
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Application Scaling Scaling of the number of cores: 4, 8 and 16 SB enables good scaling, while others configurations can’t



w/oSB SB w/o



FFT 13



w/ SB MEDEA 2005



LU-2



Concluding Remarks We presented a HW implemented synchronization mechanism based on the idea of locally manage locks and events Integrated in a MPSoC No coherence protocol overhead Good performance and energy efficiency



General approach for embedded systems Using ad hoc sync. engine is often a must for embedded systems
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Thanks www.elet.polimi.it/upload/monchier [email protected]
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Related Work Few works about programming models for MPSoCs Paulin et al. [CODES’04] Loghi & Poncino [DATE’05]



Optimization of busy-wait synchronization for MP Mellor-Crummey & Scott [ToCS’91]



Queuing locks Software MCS lock



Hardware Anderson [ToPDS’90] QOLB (Kagi et al. [CAN’97])



All these solutions rely on cache locality



Transactional Systems Rajwar & Goodman [IEEE MICRO’03]
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Implementation Issues SB implemented as Lock Buffer (LB) + Event Buffer (EB) For P cores P entries for LB and for the EB



Critical operation is the Associative Search (AS) phase On lock release Ö interconnect latency Gate-level synthesis normalized with respect to 512KB on-chip RAM
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