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Abstract—Computing has recently reached an inflection point with the introduction of multicore processors. On-chip thread-level
parallelism is doubling approximately every other year. Concurrency lends itself naturally to allowing a program to trade performance
for power savings by regulating the number of active cores; however, in several domains, users are unwilling to sacrifice performance
to save power. We present a prediction model for identifying energy-efficient operating points of concurrency in well-tuned
multithreaded scientific applications and a runtime system that uses live program analysis to optimize applications dynamically. We
describe a dynamic phase-aware performance prediction model that combines multivariate regression techniques with runtime
analysis of data collected from hardware event counters to locate optimal operating points of concurrency. Using our model, we
develop a prediction-driven phase-aware runtime optimization scheme that throttles concurrency so that power consumption can be
reduced and performance can be set at the knee of the scalability curve of each program phase. The use of prediction reduces the
overhead of searching the optimization space while achieving near-optimal performance and power savings. A thorough evaluation of
our approach shows a reduction in power consumption of 10.8 percent, simultaneous with an improvement in performance of
17.9 percent, resulting in energy savings of 26.7 percent.

Index Terms—Modeling and prediction, application-aware adaptation, energy-aware systems.

˙

1 INTRODUCTION

MICROPROCESSORS crossed an inflection point with the
introduction of multicore architectures. Clock rates

and instruction-level parallelism have been replaced by
the number of execution cores as the key metric that
characterizes the performance and drives the marketability
of a computer system. Moore�s law is now interpreted as
�the number of cores on a microprocessor is expected to
double every one to two years,� and hardware vendors
race to pack more cores on a single chip [23], [28].

In the new landscape of highly parallel microprocessors
and system architectures, system software appears to be
largely unprepared for the transition. The programming
effort required for parallelizing and optimizing code
practically remains an unresolved issue, even among
research communities that have been investigating this
problem for decades. At the same time, power dissipation is
now a major consideration for system software optimiza-
tion on parallel architectures [12], [13], [14], [15]. The
introduction of many simple cores on a microprocessor has
been largely motivated by the poor power efficiency of

microarchitectural components that attempt to improve
performance at the cost of hardware complexity and
reliability [4]. Concurrency not only improves power
efficiency but also helps system software steer power and
performance simultaneously. The conventional wisdom
holds that when concurrency is increased, performance is
improved but with an associated increase in power
consumption. Conversely, when concurrency is decreased,
power consumption is reduced at a cost for performance.

Although there are many situations where it is desirable
to trade performance for reduced power consumption, in
the domain of high-performance scientific computing,
performance remains the primary target. Applications
written for high-end computing systems create a challenge
for energy-aware system software, which needs to identify
opportunities to reduce power consumption with a non-
negative impact on performance. For example, dynamic
voltage and frequency scaling (DVFS) is a well-known
technique for reducing the dynamic power consumption of
a microprocessor in applications with extensive idle time. In
well-tuned heavily optimized scientific applications, re-
duced idle periods and memory latencies may limit the
degree to which DVFS can be exploited for energy savings.
On the other hand, there are certain cases where inherent
program characteristics (such as limited algorithmic con-
currency, fine computational granularity, and frequent
synchronization) and architectural properties (such as
capacity limitations of shared resources) limit the scalability
and the maximum degree of exploitable concurrency in an
application, resulting in an observed performance loss
through the use of more parallelism. In these cases, power
and performance can be simultaneously improved by
throttling concurrency.

To motivate the work presented in this paper, Fig. 1
shows a breakdown of the parallel execution time of three
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applications from the NAS Benchmarks Suite [20] into
phases. The breakdowns were obtained during the execu-
tion of the benchmarks on a quad-processor server with
Intel Xeon processors using the Hyperthreading technology.
Each chart depicts the ðprocessors; Hyperthreads=processorÞ
configuration that minimizes the execution time of each
phase. The fastest configuration is identified experimentally
by executing each target phase in all possible hardware
configurations of the system. LU-HP-B, SP-A, and MG-B
execute optimally with at least one Hyperthread per
processor deactivated, thus saving power while simulta-
neously improving performance, during 95 percent, 84 per-
cent, and 81 percent of their parallel execution times,
respectively. LU-HP-B and SP-A execute with at least one
entire processor deactivated during 40 percent or more of
the optimal execution time.

Despite its appeal, concurrency throttling is an opportu-
nity that may present itself to varying degrees across
programs, across phases of the same program, or even
across inputs to the same program. Identifying concurrency
throttling opportunities statically is hard, because it
requires fine-grained analysis of the dynamic behavior of
parallel code across and within parallel execution phases.
Aside from the problem of identification and quantification
of the opportunities, applying concurrency throttling
directly in applications requires the exposure of the
programmer to architectural details such as the number
and physical layout of processors, which is widely
considered as one of the factors that make parallel
programming exceptionally difficult [11]. Given the com-
plexity and the inherent drawbacks of delegating concur-
rency throttling decisions to the user or to a static analysis
tool, runtime systems appear to be ideal candidates for the
identification and exploitation of concurrency throttling
opportunities.

This paper presents the Adaptive Concurrency Throttling
Optimization Runtime (ACTOR) system, which seeks the
optimal operating point of concurrency in multithreaded
programs at the granularity of program phases. In contrast
to concurrency throttling schemes based on live empirical
search of operating points, ACTOR relies on a novel
dynamic phase-aware performance prediction (DPAPP)
model. The model predicts the optimal operating point of
concurrency on different configurations of processors,
cores, and threads, hereafter referred to simply as hardware

configurations, through the statistical analysis of hardware
event rates. To the best of our knowledge, our methodol-
ogy is the first to provide a performance prediction of
changing concurrency levels and thread placement to an
application at runtime. The key contribution of the DPAPP
model is that it enables drastic reduction of the overhead
associated with searching the optimization space for
concurrency throttling.

We use a multivariate regression process for selecting
critical hardware events and for training the DPAPP model
in assessing the scalability of a program phase across
different hardware configurations. The DPAPP training
process derives distinct predictors for thread-level, core-
level, and processor-level parallelism to account for the
presence of multidimensional parallelism and variance in
the impact of resource sharing between threads within and
across chip boundaries. We use the DPAPP model to steer
our runtime concurrency throttler, which succeeds in
identifying phases where power consumption can be
conserved while sustaining or improving performance.
ACTOR operates by controlling the execution of the
application, with the first few iterations of the dominant
phases of the application executed under specific hardware
configurations, whereas selected hardware event counters
(HECs) are sampled. After the sampling period, DPAPP is
invoked to predict phase performance across configura-
tions, and the remaining executions of each phase are
executed with the decided-upon optimal configuration. We
demonstrate the effectiveness of ACTOR by using the NAS
Parallel Benchmark suite on a multiprocessor with multi-
ple SMT processors.

The rest of this paper is organized as follows: In Section 2,
we discuss background and related work. Section 3 intro-
duces our model for DPAPP of parallel applications.
Section 4 presents our control scheme for dynamic power-
aware and performance-aware concurrency adaptation of
multithreaded codes. We present a detailed discussion of
our experimental methodology and results in Section 5. We
conclude this paper in Section 6.

2 RELATED WORK

Substantial previous research has been performed on
optimizing the execution of programs using feedback from
HECs; however, it has predominantly been offline, profile
guided in nature, for example, NUMA multiprocessor page
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Fig. 1. Breakdown of the parallel execution time of the three applications from the NAS Benchmarks Suite on a four-processor server with Intel
Hyperthreading processors. Each phase is represented with a gray rectangle. The length of the phase and the hardware configuration (number of
processors, number of Hyperthreads/processor) that minimize the execution time of the phase correspond to the width and height of each rectangle,
respectively.
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placement using hardware assistance [32], CPO from IBM,
which includes the management of variable page-size
systems [5], and case studies of specific applications [2]. In
contrast, little work has been done on runtime optimization
utilizing hardware counters as the program executes. Exist-
ing examples include HEC-based SMT job schedulers [34]
and the ADORE runtime optimization system [31]. Our work
falls into the category of online dynamic optimization with
feedback from hardware counters; however, it targets energy
consumption in addition to performance.

Performance prediction of parallel programs has been
studied in great depth; however, the majority of research is
targeted at offline prediction. Work most similar to ours
includes offline research on partial execution-based predic-
tion [40] and statistical simulation of superscalar processors
using IPC predictions based on very short code samples [10].
Minimizing the design space evaluation time for processor
development has spurred much research on predicting the
performance effects of altering various microarchitectural
parameters, including regression-based [29] and machine-
learning-based approaches [18], [21]. One important distinc-
tion with previous work is that once we perform training, the
model can be applied to any desired applications, whereas
many other approaches perform training and prediction for a
single application [18], [21], [29]. To the best of our knowl-
edge, no prior work has considered online predictors of
parallel execution performance on shared-memory architec-
tures, using runtime input on IPC and HECs.

High-performance power-aware computing has recently
become an important topic of research. Efforts range from
power-scalable and power-efficient clusters [12], [13] to
runtime systems providing support for dynamic frequency
and voltage scaling for parallel applications [14], [25]. Our
work is most closely related to the latter, as both attempt to
identify opportunities at runtime to achieve power savings
without sacrificing performance. Our work differs in that
we target shared-memory, rather than distributed-memory,
multiprocessors. It should be pointed out that DVFS and
concurrency throttling are not necessarily at odds with each
other, as they may be applied in a synergistic fashion to
achieve still greater energy efficiency [30].

Concurrency throttling has been previously applied for
the optimization of multithreaded codes on shared-memory
multiprocessors. Specifically, concurrency throttling can
enable adaptive execution in multiprogramming environ-
ments [1], [38], [41]. Furthermore, stand-alone programs can
benefit from concurrency throttling across different phases
with potentially different execution and scalability char-
acteristics [17], [42]. In most cases, concurrency throttling is
applied in a given phase by the programmer, the runtime
system, the hardware, or the compiler. Balasubramonian
et al. [3] have considered hardware-based approaches to
balance communication and parallelism by throttling the
use of clusters on clustered microprocessors. Compiler-
based control is generally performed using a simple
threshold-based strategy, and the parallel code region is
either sequentialized or run with a programmer-specified
fixed number of threads [17], [22], [39]. Programmers have
long had the ability to manually specify concurrency levels;
however, few runtime systems provide the functionality to

autonomically manage these decisions from within. Our
work provides such a system, offering fully autonomic
concurrency throttling based on the performance predic-
tions of each configuration.

Recent work has considered applying concurrency
throttling and DVFS on single-chip multiprocessors, with
decisions utilizing the search algorithms of the configura-
tion space [30]. This research shares many motivations with
our work; however, the suggested solutions to the problem
differ significantly. First, we do not explore the potential of
DVFS but rather introduce a solution that works on
architectures, independent of their support for DVFS.
Second, our approach is implemented on a real system
rather than a simulated one, verifying that our technique
works in practice, with all overheads considered. Third, we
utilize the performance prediction, rather than empirical
searches, of the configuration space to reduce the number of
test executions necessary to perform adaptation. Further-
more, we show that the overhead of search-based techni-
ques hinders the performance of short-lived codes,
particularly when compared to prediction. Additionally,
our approach targets multiprocessor systems where the
combined energy consumption of the processors plays a
much larger role than in uniprocessor systems such as that
evaluated in [30].

Springer et al. [37] propose an approach to identify the
number of nodes in a cluster and DVFS level to meet a
user-specified energy budget. The authors target clusters,
where application scalability is considerably better than on
SMPs, and thus, they do not attempt to improve perfor-
mance through adaptation. On the other hand, we exploit
poor scalability on SMPs to improve both the power and
the performance of an application simultaneously. Addi-
tionally, their approach requires multiple offline execu-
tions of the target application, whereas we perform all-
application-specific analysis with minimal overhead dur-
ing live executions. However, the two approaches could be
applied together to determine the optimal concurrency to
use per node.

3 DYNAMIC PHASE-AWARE
PERFORMANCE PREDICTION

The goal of DPAPP is to predict the performance of a
multithreaded computationally intensive region of code in a
program, which we hereafter refer to as a phase, across
varying configurations of the processing units on a parallel
architecture [6]. We use the term processing units as an
umbrella term covering hardware threads, processor cores,
or entire processors. As a base hardware substrate, we
consider shared-memory multiprocessors with three dis-
tinct types of processing units, namely, multicore proces-
sors, cores within processors, and threads within cores. We
refer to each of these types of processing units as a dimension
of parallelism in the system. The dimensions of parallelism
that we consider are representative of current commercial
multiprocessors [23], [28]. Our DPAPP technique considers
phases that are identified as parallel loops, as these
structures encapsulate the bulk of parallel code in real
scientific applications. Specifically, for the purposes of this
work, we define phases to be OpenMP parallel regions.
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Our DPAPP model works by predicting the cumulative
useful Instructions per Cycle ðuIPCÞ of multithreaded
phases. uIPC is defined as the sum of IPCs of the threads
used to execute a phase, excluding instructions and cycles
expended for synchronization and parallelization. Ignoring
parallelization and synchronization overheads makes uIPC
inversely proportional to the execution time of a fixed
number of instructions on a given hardware configuration.
Note that although uIPC ignores instructions for triggering
and synchronizing threads, it still considers the effects of
interference between threads on shared hardware resources
during concurrent execution. The objective of DPAPP is to
identify phases where concurrency can be reduced during
the execution of useful application computation, with a
nonnegative impact on performance.

3.1 DPAPP Outline
DPAPP makes distinct predictions of the optimal number of
processing units to use at each dimension of parallelism in
the system. For ease of presentation, we first describe the
operation of DPAPP for a given dimension of parallelism d.
We defer the discussion of how DPAPP predicts across
dimensions of parallelism until Section 3.5.

DPAPP takes input from live samples of HECs. HECs are
sampled at the beginning and end of each phase, whereas
the phase is executed on the configuration that activates all
processing units at dimension d. The set of hardware events
sampled are specific to d and are selected using a formal
statistical process according to their contribution to uIPC.
We refer to these events as critical events. Samples of critical
event rates are fed to a model that estimates uIPC per phase
per configuration for all feasible configurations of proces-
sing units at dimension d. Intuitively, DPAPP attempts to
predict how the rate of retirement of useful instructions
uIPC will change in a phase when the number of processing
units used to execute the phase changes. To make this
prediction, DPAPP uses a multivariate regression model,
which correlates observed event rates on a sampled
configuration and observed uIPC values on all feasible
hardware configurations during training runs. The model
outputs a set of scaling factors for uIPC and the critical
hardware events for each feasible hardware configuration.
These outputs are used as constant coefficients during
production runs to predict optimal operating points of
concurrency for each phase in the code. We describe the
model in more detail in Section 3.2 and the process for
training the model in Section 3.3. The process for selecting
critical events is discussed in Section 3.4.

The objective of DPAPP is to produce performance
predictions and adapt the code dynamically as the program
executes. Recall that the primary motivation behind DPAPP
is the avoidance of the overhead of experimentally search-
ing through hardware configurations to find optimal
operating points for phases in the program. To minimize
the prediction overhead and to achieve effective code
adaptation as early as possible during execution, DPAPP
samples HECs for a minimal number of phase traversals.
Following phase traversals used for sampling hardware
event rates, the runtime system selects the predicted

optimal operating point of concurrency for each phase. In
contrast, an exhaustive search algorithm would have to testQD

d…1 pd phase traversals, where pd is the number of
processing units in dimension d, and D is the number of
dimensions of parallelism. A heuristic search algorithm
would also have

QD
d…1 pd worst case complexity.

3.2 uIPC Prediction Model
The DPAPP predictor estimates the uIPC of a phase on
a target configuration t (denoted as uIPCðtÞ) by using
input from the execution of the phase on a sampled test
configuration s. The input from the sampled execution
includes the actual uIPC of the sampled configuration
uIPCðsÞ and a set of n hardware event per cycle rates
ðe1ðsÞ; . . . ; enðsÞÞ. Each event rate eiðsÞ, i … 1 . . . n, is the
number of occurrences of event i divided by the number
of elapsed clock cycles during the execution of the phase
in test configuration s. Although in theory, the DPAPP
predictor can use any feasible configuration as a sample
configuration, we heuristically chose to use the config-
uration where all processing units at the given dimen-
sion of parallelism are active. Intuitively, uIPC and the
event rates sampled in this configuration encapsulate the
cumulative impact of hardware components on scaling.

We model uIPCðtÞ of the target configuration, being a
linear function of uIPCðsÞ of the source configuration, as

uIPCðtÞ … uIPCðsÞ � � t; e1ðsÞ; . . . ; enðsÞð Þ þ �ðtÞ ð1Þ

for a set of n critical hardware events, which may function
either as enhancers or as impediments of scalability. The
selection of the events in this set is discussed further in
Section 3.4. Notice that both the scaling factor � and the
constant term � of the linear function are specific to and
dependent on the target hardware configuration t. In other
words, each target configuration t exerts its own scaling
impact on uIPCðsÞ, which can be positive or negative. To
gauge how individual critical events affect scalability, the
linear scaling factor is, in turn, modeled as a linear
combination of hardware event rates observed during the
sampled configuration s as follows:

� t; e1ðsÞ; . . . ; enðsÞð Þ …
Xn

i…1
xiðtÞ � eiðsÞ þ yiðtÞð Þ þ zðtÞ: ð2Þ

The linear model of event rates stems from the empirical
observation that a change in the configuration used to
execute a program phase will result in changes, either
upwards or downwards, of critical hardware event rates,
reflecting the contention or effective hardware utilization at
each level of parallelism. These event rates are related
positively or negatively with the uIPC, and this relation-
ship can be accurately represented using a linear model
[26], [33]. We capture this relation in (2) with positive or
negative event coefficients, respectively. Our model at-
tempts to estimate these coefficients by using multivariate
regression, discussed further in Section 3.3. The advantage
of such an empirical model is that it is hardware agnostic; that
is, it can be retrained for arbitrary architectures without
requiring detailed user-provided domain knowledge about
the processor.
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Combining (1) and (2), the estimated uIPC for a target
configuration t can be calculated as

uIPCðtÞ … uIPCðsÞ�
Xn

i…1
xiðtÞ � eiðsÞð Þ þ uIPCðsÞ � �ðtÞ

þ �ðtÞ; ð3Þ

where �ðtÞ is defined as
Pn

i…1ðyiðtÞÞ þ zðtÞ. An accurate
estimation of uIPC for a target configuration t is thus
dependent on the proper approximation of the coefficients
xiðtÞ, �ðtÞ, and the constant �ðtÞ. Note that the coefficients
scale both the event rates and uIPC of the sampled
configuration s.

uIPCðtÞ values for all possible configurations are used
directly for the prediction of the optimal operating con-
currency for each phase at the given dimension of
parallelism. We truncate uIPC predictions that exceed the
cumulative maximum capacity uIPCmax of all processing
units at the given dimension of parallelism to uIPCmax,
which is derived experimentally for any given processor
using microbenchmarks. Furthermore, we assume that
there is no superlinear speedup across the configurations
of a phase, although this case appears in real codes. In
practice, phases with superlinear speedup have their
optimal operating point of concurrency at the maximum
number of processing units and offer no opportunity for
concurrency throttling.

3.3 Offline Training and Estimation of Coefficients
We use multivariate linear regression on the multithreaded
phases of a set of training benchmarks to determine the
values of the coefficients in (1). Although more advanced
machine learning techniques could be deployed for predic-
tion, the number of cycles invested in making predictions at
runtime is a primary concern for DPAPP; therefore, we opt
for the simplest linear prediction model. Specifically,
training benchmarks are executed under all feasible hard-
ware configurations at all dimensions of parallelism while
recording per phase uIPC and the critical hardware events
used for prediction (see Section 3.4). The training bench-
marks are selected empirically so as to include phases with
variance in three characteristics: scalability ranging from
poor to perfect, the granularity of parallel computation,
ranging from fine to coarse, and the ratio of computation to
memory accesses, ranging from low to high. Through this
process, patterns in the effects of event rates on scalability
are learned statistically, resulting in high accuracy when
applied online.

Our multivariate regression analysis uses the events
collected under the selected sample configuration s multi-
plied by the uIPC of the sampled configuration, that is,
eiðsÞ � uIPCðsÞ, and the actual uIPC alone uIPCðsÞ as
independent variables to predict the uIPCðtÞ of each target
configuration t as the dependent variable. We use the product
of ei and uIPC of the sampled configuration for coefficient
derivation, because our model uses multiplicative effects of
events on the observed uIPC rather than additive ones, in
accordance with (3). This process estimates the necessary
coefficients for each event in function �ðtÞ. Regression
analysis is performed separately to predict uIPC for each
target configuration t; therefore, we derive independent sets

of coefficients and independent scaling factors for each
target configuration. For a system with pd units in
dimension d of parallelism, 1; . . . ; D, multivariate regression
analysis derives a total of

PD
i…1 pd sets of coefficients.

3.4 Rigorous Event Set Selection for uIPC
Prediction

The accuracy of DPAPP is heavily dependent upon the
selection of an effective set of critical events for predicting
performance and scalability along each dimension of
parallelism. The events should accurately reflect, in a
statistical sense, performance and scalability bottlenecks in
the system. We have previously considered empirical
selection of events that represent known performance-
critical components of microprocessors [6]. In this paper, we
present a rigorous statistical technique, which automates
the event selection process and makes it reproducible and
generally applicable to any target architecture.

Modern processors generally provide very large sets of
events that can be recorded, of which multiple can typically
be recorded at the same time. For example, Intel Pentium 4
provides 40 events, which can be further differentiated by
specifying bitmasks to each event, and up to 18 events can
be recorded at once. The IBM Power5 provides 500 events
and permits up to 6 to be recorded simultaneously. The
number of legal sets of events that can be recorded
simultaneously on these architectures is far too large for it
to be feasible to exhaustively test each set of events as input
for prediction. Moreover, although the most effective
prediction possible would likely result from the use of all
(or at least most) available events, there is an architectural
limit on how many events can be recorded simultaneously.

Rather than exhaustively looking at each possible
combination of events, our predictor training tool indepen-
dently looks at the contribution of each event to uIPC. To
gauge each event�s significance, we initially use multi-
variate regression on data from the set of training bench-
marks to predict uIPCðtÞ for each target configuration by
using all events that are available for monitoring on the
processor. We model uIPC as in (3), with the exception that
we use a set of N events, where N � n.

Following the initial uIPC modeling phase, we prune all
events that have zero or negligible occurrence rates. We
then consider the contribution of each event to the resulting
uIPCðtÞ prediction as a percentage of uIPCðtÞ. The
contribution of each event is calculated by multiplying the
event rate by its coefficient and by uIPCðsÞ and dividing
the result by uIPCðtÞ. We average the contributions of each
event across all feasible configurations and all phases in the
training runs and rank the events in descending order of
contribution. The actual number of events selected for
prediction n is processor dependent. We set n to be the
maximum number of events that the hardware performance
monitor of the processor can count simultaneously without
time multiplexing of event registers. This selection criterion
minimizes the overhead of monitoring hardware events for
prediction.

3.5 Prediction on Architectures with Multiple
Dimensions of Parallelism

On architectures with multiple dimensions of parallelism,
resource sharing varies considerably across dimensions. For
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example, physical processors in an SMP share only the off-
chip interconnection network and DRAM. Cores within a
processor typically share an on-chip interconnection net-
work and the outermost levels of the on-chip cache. Threads
on a single core share most resources of the execution core,
including pipelines, branch predictors, TLB, and L1 cache.
Contention for these shared resources is largely responsible
for performance and scalability.

To capture the implications of multidimensional paralle-
lism, DPAPP uses a distinct set of critical events and derives
a distinct set of scaling factors for each dimension of
parallelism in the system. DPAPP repeats the processes
outlined in Sections 3.2 and 3.4 to obtain prediction event
sets and coefficients for each dimension of parallelism. At
actuation time, DPAPP makes predictions along each of the
dimensions of parallelism and combines these predictions
to yield a power-efficient concurrency operating point for
each phase in the program.

3.6 Predictor Optimization
The accuracy of DPAPP is significantly improved by
classifying code phases into buckets according to their
observed uIPC during the execution of the sampled
configuration. The justification for such an extension is
twofold. First, grouping phases based on uIPC allows
training and prediction to occur separately for phases with
different scalability slopes. As such, the division between
buckets is selected such that it divides different degrees of
scalability. Second, it is intuitive that the effects of events
will vary, depending on the original instruction throughput
of each phase. Dividing the phases into buckets and
creating separate �ðtÞ scaling functions for each class of
phases gives the predictor the opportunity to make more
fine-grained and accurate predictions. At runtime, the
observed uIPC on the sample configuration determines
which set of coefficients will be used for prediction. We use
this optimization in our implementation of DPAPP.

4 CONCURRENCY THROTTLING FOR PERFORMANCE
AND POWER OPTIMIZATION

In this section, we present our phase-aware concurrency
throttling algorithm for a two-layer shared-memory multi-
processor such as a multichip multiprocessor with multi-
core processors. We then discuss the power and energy
reduction potential of the algorithm and extensions to the
algorithm that take account for interphase interference.

4.1 ACTOR Runtime System
Scientific codes are dominated by iterative execution of
phases, and ACTOR exploits this property to sample
hardware event rates in the first few phase traversals and
to set the concurrency of each phase to the predicted
optimal operating point early during the execution of the
program. The live search of the optimization space for
operating points of concurrency can also be performed by
timing phases at different configurations and running
search heuristics such as greedy hill climbing [7], [30] and
simulated annealing [27]. However, as the number of
feasible hardware configurations increases with the intro-
duction of more cores and threads per processor, direct

search methods may spend most of the execution time
sampling suboptimal configurations rather than optimizing
the program. This disadvantage manifests itself in codes
where dominant multithreaded phases are traversed only a
few times. Even if direct search methods are used for offline
autotuning by repetitive executions of the entire program
[11], searching the optimization space for any input on any
feasible configuration of processing units may be prohibi-
tive. ACTOR prunes the search space for concurrency
optimization to a constant number of samples.

Fig. 2 illustrates a DPAPP-driven concurrency throttling
algorithm in ACTOR for a multiprocessor with two
dimensions of parallelism. The DPAPP-based concurrency
throttling algorithm has two parameters, that is, the
sampling rate and the dimension of parallelism, along
which the initial samples are taken. The sampling rate S
corresponds to the number of times each phase needs to be
executed before deriving a prediction for the optimal
operating point and is used to control the sampling
overhead. In our prototype, we use a sample rate of S … 2
taken along the innermost dimension of parallelism, that is,
threads within a processor, which provides the minimum
number of samples needed to capture the effects of using
more than one core or thread per processor. The second
parameter is fixed at the training phase of the DPAPP
predictor, during which all possible orderings of dimen-
sions of parallelism can be tested. The algorithm in Fig. 2
generalizes to more than two dimensions by repeating the
loop in lines 11-17 for each dimension beyond the second.

The structure of the ACTOR system is given in Fig. 3.
The controller is dynamic in the sense that it adapts the
program as it executes, with no prior knowledge of
program characteristics. Currently, ACTOR requires simple
formulaic instrumentation in the application; however, we
plan to instead embed all functionalities within the
threading substrate. ACTOR estimates optimal operating
points of concurrency by using samples of critical hardware
event rates from live executions of program phases.
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Fig. 2. The concurrency throttling algorithm within ACTOR for an
architecture with 2D parallelism.
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