
Optimistic set iterators

• for each e in Set S do B(e)
– evaluate block B(e) for each element in set S
– sequential semantics

• set elements are unordered, so no a priori order on iterations
• there may be dependences between iterations

– set S may get new elements during execution
• for each e in OrderedSet S do B(e)

– evaluate block B(e) for each element in set S
– sequential semantics

• perform iterations in order specified by OrderedSet
• there may be dependences between iterations

– set S may get new elements during execution
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Galois version of mesh refinement

Mesh m = /* read in mesh */
Set wl;
wl.add(mesh.badTriangles()); // initialize the Set wl

for each e in Set wl do //unordered Set iterator
{

if (e no longer in mesh) continue;
Cavity c = new Cavity(e);
c.expand();
c.retriangulate();
m.update(c);
wl.add(c.badTriangles()); //add new bad triangles to Set

}



Parallel execution model

• Object-based shared-memory model
• Master thread and some number of worker 

threads
– master thread begins execution of program and 

executes code between iterators
– when it encounters iterator, worker threads help 

by executing  iterations concurrently with master
– threads synchronize by barrier synchronization 

at end of iterator
• Baseline synchronization model: lock and hold

– Every object is guarded by a lock
– Iteration must acquire lock on object before it 

can invoke method
– Lock is held even after method invocation 

completes
– When iteration ends, all locks held by that 

iteration are released
• Galois system has other mechanisms

– Commutativity of method invocations (optional)
– Partitioned data structures
– Iteration scheduling
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Results for Mesh Refinement
• Machine: 4 processor 1.5 GHz Itanium
• Program versions:

– GAL: using stack as worklist
– PAR: partitioned mesh + data-centric work assignment
– LCO: locks on partitions
– OVD: over-decomposed version



• Many irregular programs have generalized data-parallelism 
– Work-list based iterative algorithms over irregular data structures

• Data-parallelism may be inherently data-dependent
– Pointer/shape analysis cannot work for these apps

• Optimistic parallelization is essential for such apps
– Analysis might be useful to optimize parallel program execution

• Exploiting abstractions and high-level semantics is critical
– Galois knows about sets, ordered sets, accumulators…

• Galois approach provides unified view of data-parallelism in regular 
and irregular programs
– Baseline is optimistic parallelism
– Use compiler analysis to make decisions at compile-time whenever 

possible 

Summary
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What I think now …

 … there’s abundant parallelism in all programs

 … compiler technologies have progressed greatly in the last two decades

 Data & control dependence analysis

 Dynamic parallelization

 Optimization of strongly-typed OO programs

 … runtime technologies have progressed greatly in the last two decades

 Task creation & termination --- work stealing

 Atomicity --- transactions, concurrent data structures, j.u.c. atomic ops

 Barriers & point-to-point synchronization --- MCS spin locks, j.u.c.
libraries, X10 clocks, Habanero phasers

 … sequential programs use modern abstractions that are more amenable for
parallelization than 20 years ago

 … the stage is now set to liberate programming from the von Neumann style!
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Rice Habanero Multicore Software Research project
(habanero.rice.edu)

1) Habanero
Programming

Language

5) Habanero Toolkit

Sequential C,
Fortran, Java,

…

Habanero
Foreign
Function
Interface

Parallel Applications

Multicore Hardware

Multicore OS

Vendor Platform
Compilers & Libraries

Vendor tools

2) Habanero
Static

Compiler

3) Habanero
Virtual

Machine

4) Habanero
Concurrency

Library

F#        …

1) will be based on
an X10 subset
2), 3), 4), 5) will be
developed first for
1), and then
extended to
support other
languages

X10



Questions or 
Comments from the 

Audience?




