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Shared Memory Primitives
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• Create thread 
• Ask operating system to create a new “thread” 
• Threads starts at specified function (via function pointer) 

• Memory regions 
• Shared: globals and heap 
• Per-thread: stack 

• Primitive memory operations 
• Loads & stores 
• Word-sized operations are atomic (if “aligned”) 

• Various “atomic” memory instructions 
• Swap, compare-and-swap, test-and-set, atomic add, etc.  
• Perform a load/store pair that is guaranteed not to interrupted



Thread Creation

• Varies from operating system to operating system 
• POSIX threads (P-threads) is a widely supported standard (C/

C++) 
• Lots of other stuff in P-threads we’re not using 

• Why? really design for single-core OS-style concurrency  

• pthread_create(id, attr, start_func, arg) 
• “id” is pointer to a “pthread_t” object 
• We’re going to ignore “attr”  
• “start_func” is a function pointer 
• “arg” is a void *, can pass pointer to anything  (ah, C…)
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Compare and Swap (CAS)
• Atomic Compare and Swap (CAS) 

• Basic and universal atomic operations 
• Can be used to create all the other variants of atomic operations 
• Supported as instruction on both x86 and SPARC 

• Compare_and_swap(address, test_value, new_value): 
• Load [Address] -> old_value 
• if (old_value == test_value): 

• Store [Address] <- new_value 
• Return old_value 

• Can be included in C/C++ code using “inline assembly” 
• Becomes a utility function
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Inline Assembly for Atomic Operations
• x86 inline assembly for CAS 

• From Intel’s TBB source code machine/linux_intel64.h 
static inline int64 compare_and_swap(volatile void *ptr, 

                                     int64 test_value, 

                                     int64 new_value)

{

  int64 result;

  __asm__ 

  __volatile__("lock\ncmpxchgq %2,%1"

               : "=a"(result), "=m"(*(int64 *)ptr)

               : "q"(new_value), "0"(test_value), "m"(*(int64 *)ptr)

               : "memory");

  return result;

}

• Black magic 
• Use of volatile keyword disable compiler memory optimizations
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Thread Local Storage (TLS)
• Sometimes having a non-shared global variable is useful 

• A per-thread copy of a variable 

• Manual approach: 
• Definition: int accumulator[NUM_THREADS];
• Use: accumulator[thread_id]++;
• Limited to NUM_THREADS, need to pass thread_id around 

false sharing

• Compiler supported: 
• Definition: __thread int accumulator = 0;
• Use: accumulator++;
• Implemented as a per-thread “globals” space 

• Accessed efficiently via %gs segment register on x86-64 
• More info: http://people.redhat.com/drepper/tls.pdf
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Simple Parallel Work Decomposition 
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Static Work Distribution

8

• Sequential code 
• for (int i=0; i<SIZE; i++): 

• calculate(i, …, …, …) 

• Parallel code, for each thread: 
• void each_thread(int thread_id): 

• segment_size = SIZE / number_of_threads 
• assert(SIZE % number_of_threads == 0) 
• my_start = thread_id * segment_size 
• my_end = my_start + segment_size 
• for (int i=my_start; i<my_end; i++) 

• calculate(i, …, …, …) 

• Hey, its a parallel program!



Dynamic Work Distribution
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• Sequential code 
• for (int i=0; i<SIZE; i++): 

• calculate(i, …, …, …) 

• Parallel code, for each thread: 
• int counter = 0    // global variable 
• void each_thread(int thread_id): 

• while (true) 
• int i = atomic_add(&counter, 1) 
• if (i >= SIZE)  
• return 
• calculate(i, …, …, …) 

• Dynamic load balancing, but high overhead



Coarse-Grain Dynamic Work Distribution
• Parallel code, for each thread: 

• int num_segments = SIZE / GRAIN_SIZE 
• int counter = 0    // global variable 
• void each_thread(int thread_id): 

• while (true) 
• int i = atomic_add(&counter, 1) 
• if (i >= num_segments)  
• return 
• my_start = i * GRAIN_SIZE 
• my_end = my_start + GRAIN_SIZE 
• for (int j=my_start; j<my_end; j++) 
• calculate(j, …, …, …) 

• Dynamic load balancing with lower (adjustable) overhead
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Barriers
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• Merge-sort 4096 elements with four threads 

• Step #1: 
• Sort each 1/4th of array 
• (N/4)*log(N/4) = 1024*10 = 10240 comparisons 

• Step #2: 
• Two N/2 merges 
• 2048 comparisons 

• Step #3: 
• Final merge 
• 4096 comparisons 

• Total: 3x speed up four threads 
• Parallel: 16384 comparisons  
• Sequential: ~50k comparisons

Example: Barrier-Based Merge Sort
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Global Synchronization Barrier

• At a barrier 
• All threads wait until all other threads have reached it 

• Strawman implementation (wrong!) 
   
global (shared) count : integer := P 
   
procedure central_barrier 
  if fetch_and_decrement(&count) == 1 
    count := P 
  else 
    repeat until count == P 

• What is wrong with the above code? 
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Sense-Reversing Barrier

• Correct barrier implementation: 
   
global (shared) count : integer := P 
global (shared) sense : Boolean := true 
local (private) local_sense : Boolean := true 
   
procedure central_barrier 
  // each processor toggles its own sense 
  local_sense := !local_sense   
  if fetch_and_decrement(&count) == 1 
    count := P 
    // last processor toggles global sense 
    sense := local_sense    
  else 
    repeat until sense == local_sense 

• Single counter makes this a “centralized” barrier 
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Other Barrier Implementations
• Problem with centralized barrier 

• All processors must increment each counter 
• Each read/modify/write is a serialized coherence action 

• Each one is a cache miss 
• O(n) if threads arrive simultaneously, slow for lots of processors 

• Combining Tree Barrier 
• Build a logk(n) height tree of counters (one per cache block) 
• Each thread coordinates with k other threads (by thread id)  
• Last of the k processors, coordinates with next higher node in tree 
• As many coordination address are used, misses are not serialized 
• O(log n) in best case 

• Static and more dynamic variants 
• Tree-based arrival, tree-based or centralized release 
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Barrier Performance (from 1991)
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Fig. 21. Performance of barmers on the Symmetry

smoother performance curve: each additional processor adds another level to
some path through the tree, or becomes the second child of some node in the
wakeup tree that is delayed slightly longer than its sibling.

Figure 21 shows the performance on the Sequent Symmetry of several
different barriers. Results differ sharply from those on the Butterfly for two
principal reasons. First, it is acceptable on the Symmetry for more than one
processor to spin on the same location; each obtains a copy in its cache.
Second, no significant advantage arises from distributing writes across the
memory modules of the machine; the shared bus enforces an overall serializa-
tion. The dissemination barrier requires O ( P log P) bus transactions to
achieve a P-processor barrier. The other four algorithms require O(P) trans-
actions, and all perform better than the dissemination barrier for P > 8.

Below the maximum number of processors in our tests, the fastest barrier
on the Symmetry used a centralized counter with a sense-reversing wakeup
flag (from Figure 8). P bus transactions are required to tally arrivals, 1 to
toggle the sense-reversing flag (invalidating all the cached copies), and P – 1
to effect the subsequent reloads. Our tree barrier generates 2 P – 2 writes to
flag variables on which other processors are waiting, necessitating an addi-
tional 2 P – 2 reloads. By using a central sense-reversing flag for wakeup
(instead of the wakeup tree), we can eliminate half of this overhead. The
resulting algorithm is identified as “arrival tree” in Figure 21. Though the

ACM Transactmns on Computer Systems, Vol 9, No 1, February 1991

From Mellor-Crummey & Scott, ACM TOCS, 1991



Locks
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