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a b s t r a c t

The transactional memory in multicore processors has been a major research area over past several years.
Many transactional memory systems have been proposed to be used to solve the synchronization prob-
lem of multicore processors. Hardware transactional memory is one of the critical methods to speedup
communications in multicore environment. In this paper, we give a review of the current hardware trans-
actional memory systems for multicore processors. We take a top-down approach to characterizing and
classifying various hardware transactional design issues and present a taxonomy of hardware transac-
tional memory systems which is consist of the five fundamental design issues: version management, con-
flict detection, contention management, virtualization and nesting. Finally, we discussed the active
research challenge: the relationship between transactional memory and Input/Output operations and
system calls.
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1. Introduction

Multicore processors are now popular in server, desktop, and
even embedded systems. However, it is very difficult to develop
parallel programs for processors with increasing number of cores.
Because application developers have to face with burdens such
as synchronization tradeoffs, deadlock avoidance, and races. In this
environment, transactional memory (TM) has been proposed as a
new parallel programming model that is easy and efficient for par-
allel programming [1].

TM tries to replace critical sections protected by locks in a mul-
ti-threaded parallel program by transactions. Compared to critical
sections, transactions have several advantages. First, programmers
are liberated from guaranteeing the correctness and performance
of their locking scheme. Second, shared data structures are guaran-
teed to be kept in consistency even in the event of a failure. Third,
transactions can be composed naturally, that make it much easier
for developing composable parallel software.

The concept of transaction is firstly used in the database re-
search area. Like database transaction, TM has Atomicity, Consis-
tency, and Isolation (ACI) properties: Atomicity to guarantee
transactions either commit or abort, Consistency to guarantee
transactions use the same total order during the whole process,
and Isolation to guarantee that each transaction’s operations are
isolated to other transactions.

If there are no conflicts, TM systems can execute multiple trans-
actions in parallel. If two transactions access the same memory
item and at least one of them writes, they are conflicted. In this
case, one of them aborts and restarts. As a transaction starts, it
checkpoints registers to save old values, which can be restored in
case of aborting. A transaction cannot write to shared memory
directly; instead its results are stored in an undo-log or a write-
buffer maintained by system. In order to detect read–write or
write–write conflicts, memory references are tracked. If a transac-
tion completes without conflicts, its results are committed to
shared memory. If a conflict appears between two transactions,
one of them rolls back according to register checkpoint.

Transactional memory can be implemented in hardware, soft-
ware, or a hybrid of the two. Software Transactional Memory
(STM) systems [2–6] are easy to implement and require no changes
to existing hardware. But for most STMs, poor performance and
weak atomicity are two serious disadvantages. According to two
research results [7,8], even though the code can be optimized by
compilers, STM can still slow down each thread by 40% or more.
More severely, most high performance STM systems support only
weak atomicity [9], which guarantees transactional semantics only
among transactions. Weak atomicity may produce incorrect or
unpredictable results even for simple parallel programs that would
work correctly with lock-based synchronization [4,10,11]. As a re-
sult, compared with strong atomicity, weak atomicity will make
more writing and debugging difficulties, reducing the benefits of
transactional memory.

Compared to STM, hardware transactional memory (HTM) nat-
urally has the advantages of high performance and strong atomic-
ity. Typically, HTM systems use hardware caches to track the data
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read or written by each transaction and leverage the cache coher-
ence protocol to detect conflicts between concurrent transactions
[12–15]. By using hardware, HTM systems cut down the overhead
of fine-grained locks and they have higher speed not only than
STMs, but also than lock-based synchronization for many cases.
In addition, they can automatically check every memory references
of all the active transactions under the help of the cache coherence
protocols. Thus, they ensure strong atomicity with no or minor
additional overhead.

The following section introduces a HTM system framework. In
Section 3, we provide taxonomy of HTM systems. Section 4 gives
two case studies. Section 5 shows challenges of HTM. In Section
6, we conclude this paper.

2. A HTM system framework

HTM systems use hardware to perform basic TM operations for
reducing their overhead. They also make parallel programming
easier without caring about low level mechanisms. Most HTMs
have similar structure. They have two basic functions: version
management and conflict detection, both of which are often imple-
mented by enhancing processor caches.

First, hardware must provide version management by storing
both the new data and old data of a transaction. If a transaction
commits, the new data will be published to others. If a transaction
aborts, the old data will be kept.

Second, hardware must provide conflict detection among trans-
actions by recording the read-set (addresses read) and write-set
(addresses written) of a transaction. A conflict occurs when an
overlap appears in the write-set of two transactions or the write-
set of one and the read-set of another. Most HTMs augment cache
coherence protocols to detect conflict.

Fig. 1 shows a framework of HTM system. TM registers are used
to store transaction states such as transaction id, nesting level,
read-set and write-set, etc. Register checkpoints are stored in extra
register files. When a transaction is aborted, it will roll back to its

original register checkpoint. Cache lines are added read and write
bits to signal transactional memory references. Conflict detection
is combined with cache coherence protocols, where every memory
request from other processors will be checked for conflict. Version
management will wake up when transactions commit, abort and
conflict.

3. Taxonomy

Designing a HTM system has to consider various issues in order
to get high performance and low overhead compared with non-
transactional memory systems. Firstly, implementation of HTM
should consider both aspects of conflict detection (CD) and conten-
tion management (CM). For conflict detection, version manage-
ment (VM) should be a fundamental design issue. Secondly,
because hardware resources are limited for large workloads, sup-
porting virtualization becomes a required design issue. Thirdly,
supporting nesting let transactional memory systems realize same
semantics like those traditional nontransactional memory systems.
We take a top-down approach to characterizing and classifying
various design issues, and present taxonomy of current hardware
transactional memory systems. Fig. 2 shows the top layer of the
taxonomy, which consists of the five most fundamental issues that
any HTM systems has to address: version management, conflict
detection, contention management, virtualization, and nesting. In
following sections, we examine each element and its taxonomy
in detail.

3.1. Version management and conflict detection

Version management refers to how to store new data and old
data. Lazy version management puts old values in memory for
making fast aborts. When a transaction reaches its commit point,
the lazy HTM system then updates memory by applying all the de-
ferred updates in its data versioning buffer. Conversely, eager ver-
sion management stores newly values in target address for making

Fig. 1. A framework of hardware transactional memory system.
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