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Energy consumption is an increasingly important issue in mul-
tiprocessor design. The need for energy-aware systems is obvious
for mobile systems, where low energy consumption translates to
longer battery life, but it is also important for desktop and server
systems, where high energy consumption complicates power sup-
ply and cooling. While energy consumption in uniprocessors has
been the focus of a substantial body of research, energy consump-
tion in multiprocessors has received less attention. This issue is
becoming increasingly important as multiprocessor architectures
migrate from high-end platforms into everyday platforms such as
desktops, laptops, and servers.

In this paper we examine the energy implications of how mul-
tiprocessors synchronize concurrent access to memory. Whether
synchronization is a substantial part of multiprocessor energy con-
sumption is application-dependent. Nevertheless, the trends are
clear. The widespread shift to multithreaded and multicore archi-
tectures is driven by two trends: Moore’s law continues to provide
more and more transistors, hence more and more threads and cores,
while clock speed is hardly increasing at all. These trends imply
that if applications are going to benefit from advancing technology,
then they will have to become more and more parallel, and syn-
chronization costs will become more and more significant.

The conventional way for applications to synchronize is by lock-
ing. Nevertheless, conventional synchronization techniques based
on locks have substantial limitations [2]. Coarse-grained locks sim-
ply do not scale. Threads block one another even when they do
not really interfere, and the lock itself causes memory contention.
Fine-grained locks are more scalable, but they introduce substantial
software engineering problems. Locks are also vulnerable to thread
failures and delays.

Transactional memory [3] is a synchronization architecture that
addresses these limitations. A transaction is a finite sequence of
memory reads and writes executed by a single thread. Transac-
tions are atomic and serializable. Hardware transactional memory
proposals exploit hardware mechanisms such as speculative execu-
tion and on-chip caching. As a transaction executes, it caches the
memory locations it reads or writes, marking them as transactional.
A data conflict occurs if another thread accesses a transactionally
cached location, and at least one access is a write. The native hard-
ware cache coherence detects data conflicts. A transaction commits
if it completes without encountering a conflict.

Here, we evaluate the energy/performance tradeoffs associated
with these synchronization architectures. Overall, our tests suggest
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that transactional memory is a promising approach to low-power
synchronization. It appears to consume substantially less energy
when synchronization conflict levels are low. To control energy
costs at higher levels of conflict, we proposed a novel serial exe-
cution mode in which transactions are adaptively serialized at the
hardware level. This technique decreases energy consumption, but
sometimes (not always) decreases transaction throughput. Our re-
sults provide evidence that even at higher levels of conflict, trans-
actions consume substantially less energy than locks. Moreover,
switching to serial execution in the presence of conflicts may save
additional energy.

It is important to note that the specific energy consumption num-
bers for locks and transactional memory are sensitive to several
parameters: system configuration, conflict scenarios, type of locks
being used, and the transactional memory hardware. To account for
these parameters, we studied a variety of configurations and sce-
narios as described below. We considered a multiprocessor system
consisting of several chips sharing an off-chip memory, as well as
a multicore architecture in which processors communicate through
a shared on-chip L2 cache. To account for various conflict scenar-
ios, we used SPLASH-2 benchmarks, displaying very low levels of
conflict, as well as our own microbenchmark that provides tunable
levels of conflict. In addition, to provide a longer computation, we
ran two variations of the OO7J benchmark [7]. We considered dif-
ferent types of locks, including unoptimized Pthread library locks
and more energy-efficient, scalable, user-level MCS [5] and CLH
spin locks [4] memory to have an energy advantage over locks in
all of these variations. Finally, while we did not consider differ-
ent types of transactional memory hardware, it was found that the
large majority of transactions access a data set small enough to fit
in a small cache [1], which fits our transactional memory hard-
ware. Recent proposals of hybrid transactional memory [6] allow
for transactions that do not fit in the cache to overflow to virtual
memory. Additional hardware or software will incur a significant
overhead in cases of large transactions. In these cases, locks are
very likely to be more energy and performance efficient than trans-
actional memory. Further study of these transactional memory sys-
tems is required to provide a more accurate appreciation of their
energy consumption.
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