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This dissertation, titled “Parallelism, Data Movement, and Synchronization in Threading
Models on Massively Parallel Systems” , addresses some key challenges that hinder efficient
exploitation of thread-level parallelismon multi—core clusters. Here we summarize and outline
the structure of the document

Chapter 1: Introduction. This chapter presents the motivation behind this work, introduces
the key challenges associated with threading models on current and future parallel systems,
and enumerates our contributions to address those challenges

Chapter 2: Background. The goal of this chapter is to provide the foundation necessary to
understand the rest of the document. First, we present the technology trend in parallel hardware
and discuss how this tendency impacts software development. We follow by introducing
shared—-memory programming and the role of threading models in exploiting thread-level
parallelism. We finally discuss hybrid MPI+threads programming and the associated thread—-safety
issues.

Chapter 3: Related Work. Here, we situate our work by stating how our contributions complement
or differ from state—of—the—art research that targets solving the same challenges, as well as
pointing out the drawbacks and flaws in some previous works

Chapter 4: Efficient Parallel Execution on Multi—Cores. In this chapter, we tackle the
challenge of improving intranode efficiency of parallel applications on multi—core systems.
To this end, we first show that naive bulk-synchronous and data—driven approaches are not
scalable. We then propose a solution that exploits “tiled” computational patterns and
auto—tuning to deliver scalable performance. We finally advocate that an auto—tuned tiled
data—driven implementation is the most scalable and promising approach.

Chapter 5: Hybrid MPI+ Threads Applications at Scale. Here we study the hybrid MPI+threads
model from an application perspective using the breadth—-first search algorithm. We demonstrate
the benefits and drawbacks of a hybrid model compared to those of an MPI-only model while
conducting large—scale experiments. In particular, this chapter introduces the contention issue
in multithreaded MPI runtimes that will be investigated in more detail in the next chapter.

Chapter 6: Alleviating Contention in Multithreaded MPI Runtimes. This chapter presents a
detailed analysis of a multithread MPI runtime and exposes critical section arbitration as a
major factor that contributes to runtime contention. It follows by presenting practical
solutions that improve over the common mutex—based approach by using a lock implementation that
ensures fairness and another that trades fairness for communication progress. We then show
substantial performance benefits of our solutions using various benchmarks and a genome—assembly
application.

Chapter 7: Conclusion.This chapter summarizes the key contributions of the work and gives
some insights into future directions that deserve further investigation.
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RIEFETVORMBESE L. ZRHICHIGTHRERBRRENTWVWD,

% 2 % [Background] TiX, AIFEDOE R L LT, FFICHEESCRENE 2 BT 5 72 OB/ MR Ak
RHENTWD, WHIFHE#E NN N7 =7 OFIFNRER EZ0 Y 7 by = TRREICRHT 228, G AT
Tl I I BIFA ALy RIFFIET IV, £72MPIE A Ly RifF &R AEAICE T S8V
T TWD,

% 3% [Related Work] TiX, R URIEOER % B TEEFEMHITIZONT, KPR IXEZNRLRDH, B
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