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Memory Systems 
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Coming Lectures 

• Next week (week 4) 
– Programming Parallel Systems 

• Week 5 
– Parallel computing with shared memory 
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How to Survive the Multicore Software Revolution (or at Least Survive the Hype) 
http://software.intel.com/en-us/articles/e-book-on-multicore-programming/ 
http://software.intel.com/file/23369 

OpenMP Tutorial: 
https://computing.llnl.gov/tutorials/openMP/ 

Pthreads Tutorials: 
https://computing.llnl.gov/tutorials/pthreads/ 
http://cs.gmu.edu/~white/CS571/pthreadTutorial.pdf 

MPI Tutorial: 
https://computing.llnl.gov/tutorials/mpi/ 

Topics for revision: The C Programming Language -- Kernighan and Ritchie 
(Amazon, Google, Library) 

Processes and Threads 
http://en.wikipedia.org/wiki/Process_(computing) 
http://en.wikipedia.org/wiki/Thread_(computer_science) 

Additional Reading: 

Ars Technica Snow Leopard Review (pages 11-12) 
http://arstechnica.com/apple/reviews/2009/08/mac-os-x-10-6.ars/11 
http://arstechnica.com/apple/reviews/2009/08/mac-os-x-10-6.ars/12 
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Memory Systems (Caches) 
•  Basic Ideas & Organization 

–  Placement: hashing 
–  Replacement: LRU; 

approximate LRU; random 
–  Block size 
–  Associativity 
–  Capturing temporal/spatial 

locality 
–  Writing 

•  write-through/write-back 
•  write-allocation 
•  write buffers 

–  Capacity, Compulsory & 
Conflict misses 

–  Hit/Miss ratio; Avg. Memory 
Access Time (AMAT) 

•  Cache hierarchy 
–  Registers, cache, main memory, disk 
–  Inclusion vs. exclusion 
–  Optimizations 
–  Specialized (I-cache, D-cache, TLB) 
–  Victim cache 

•  Requirements of main memory 
–  Blocking/multiple requests 
–  Interleaving; “false interleaving” 
–  Miss Holding Status Registers MSHR 

•  I/O and other conflicts 
•  Virtual memory (latency and aliasing) 
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