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The idea of providing a parallel programming abstraction for mutual exclusion that is simpler than lock-based
synchronization dates back to the concept of critical sections from four decades ago [8]. We use the term, atomic
section, to denote a variant of a critical section in which further restrictions are placed on the subset of data for
which atomicity is guaranteed. In the X10 language [5], the restriction imposed is that all shared mutable data
locations accessed within an atomic section must belong to the same place as the activity (thread) executing the
atomic section. In the analyzable atomic sections [18] model, a further restriction is imposed that the addresses of
all shared mutable locations be computable on entry to the atomic section. This position statement outlines three
key areas for compiler challenges and research opportunities related to atomic sections:

Program Analysis. As with other synchronization operations, the entry and exit of an atomic section represent
program points at which there may be data flow interactions between the current activity and other activities. It is
important for these interactions to be modeled as precisely as possible so as not to limit analyses and optimizations
that can be performed within and outside atomic sections. The use of high-level semantic information (e.g.,
immutable [14], activity-local, non-escaping [6], single-owner) to partition data into different storage classes can
greatly help the compiler. Past work on performing these analyses for synchronized blocks in the Java language [4]
and other explicitly parallel programming models provide a convenient starting point for addressing these problems.
Two optimizations that serve as good examples for testing data flow and data dependence analysis in the presence
of atomic sections are register allocation (scalar replacement) of heap accesses [9] and instruction scheduling [4].
It is also important to enable automatic concurrency analysis [1] and data race detection [7] in the presence of
atomic sections. Note that atomic sections automatically guarantee absence of deadlock, even in the presence of
other synchronization cnstructs [17]. Further, atomic sections are not only useful as a programming abstraction
but also as the output of an automatically parallelizing compiler that is capable of recognizing reductions [20, 15]
(such as histogram updates) and other commutative operations [16] (such as insertions into a shared data structure).
Finally, it is important to keep in mind that data flow and dependence analyses for atomic sections can be further
complicated by the presence of exceptions [11].

Compiler Optimizations and Runtime Mechanisms. There are multiple runtime mechanisms that can be
used to implement atomic sections, all of which can benefit from compiler optimizations. One of them is transactional
memory [12] — for the purpose of this discussion, transactional memory with explicit retry and rollback (whether
implemented in hardware, software, or some combination thereof) is viewed as a system capability that is used for
implementing atomic sections rather than as a parallel programming abstraction that is made directly available to
the programmer. Another is automatic lock assignment by the compiler [21]. Yet another technique is to build on
non-preemptive scheduling techniques (as in Jikes RVM [2]) for atomic sections that are guaranteed to contain no
yieldpoints. Finally, in certain cases, an atomic section can be implemented by nonblocking instructions available in
the target hardware [13]. Partitioning of data into non-overlapping storage classes is a necessary prerequisite to the
use of multiple mechanisms within a single program. Selection of appropriate mechanisms for different atomic sections
represents a major compiler challenge, as does finer-grained optimization of individual mechanisms e.g., optimization
of acquire/refresh and release/writeback operations [10] within a single transaction. For example, compiler-assigned
locks will be a better choice than transactions in the (infrequent) case that an atomic section modifies so much
state that it may overflow the available transactional memory buffer, especially when the overhead of locks is low as
in modern virtual machines [3]. Another related challenge is optimized integration of the mechanisms selected for
atomic sections with thread scheduling policies, such as eager vs. lazy execution of atomic sections.

Atomic Sections as a replacement for Global Collectives. The dominant programming model used in
scientific applications for high-end parallel machines is a bulk-synchronous Single Program Multiple Data (SPMD)
model with collective operations such as reductions that piggyback on coarse-grained barrier operations (e.g., as
in MPI [19]). This model was well suited to past distributed-memory parallel machines with uniprocessor nodes.
However, as the industry moves to multi-core SMP nodes and systems with support for a global shared memory, it
becomes increasingly important to “strength reduce” coarse-grained collective operations into multiple fine-grained
invocations of atomic sections. In this way, we can think of atomic sections as “distributed reductions”. The
distributed reduction capability is also important for irregular applications, such as applications that work with
unstructured and adaptive meshes.
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