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thread granularity, which attempts to simultaneously eelu
execution time and processor power consumption. Figure 1. Execution time and CPU energy con-
sumption of NAS SP on a 4-CPU Dell PowerEdge
6650 with Intel Xeon HT processors. The high-
lighted area indicates opportunities for simultane-
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Power consumption and heat dissipation have recently
emerged as central themes in high-end computing. The eperat
ing costs of Teraflop-scale supercomputers run up to médlion ) o
of dollars annually, due to power consumption, cooling re- Processors [5,8,14,17], which are currently dominating th
quirements and frequent component failures [2]. The higher S€rver and high-end computing markets.
component counts and component density of emerging su- The idea of granularity control has been explored earlier
percomputers pose a hard requirement for power-aware sysin the context of schedulers for multiprogrammed shared-
tem design, and systems such as the BlueGene/L alreadynemory multiprocessors [18]. There are two compelling rea-
respond to this challenge by supporting aggressive power op SONs for using granularity control in standalone multigttied
timizations [1]. applications. The first is performance. Depending on their

A unique aspect of power optimization in high-end comput- characteristics, applications may lack enough concuyrémc
ing systems is that, unlike mobile devices, the systems tieed €xploit all available processors and threads in certairs@ha
sustain high performance, regardless of power optimimatio ~ Of their code. At the other end, they may exercise too much
Although power optimization techniques originating fronet pressure on shared resources within each processor, such as
embedded computing domain, such as dynamic voltage andcache memories and TLBs [6, 9]. Therefore, throttling cancu
frequency scaling, are applicable in parallel programg][2, ~ rency by increasing thread granularity can potentiallyriowe
concurrency itself is a natural optimization tool for botrp  performance. The second reason is power. The system can se-
formance and power in parallel programs. This paper explore lectively deactivate execution cores within processorgn
the use of concurrency control, and more specifically thefise  tire processors, to save CPU power. Because CPUs are gener-
thread-level granularity control, as a means for improvtmgy ~ ally the dominant power consumer in modern systems [7], they
power and performance efficiency on dense shared-memonyre an excellent target for power reduction.
systems. Our work targets emerging multicore and multi-SMT  Figure 1 shows an example of the potential for performance




and CPU energy consumption improvement. Granularity con- tion with the lowest execution time for that phase. Once the
trol can be applied at all levels of nested multiprocesdays,  best configuration for a particular phase has been foung-its
deactivating processors, processor cores or individuetex  maining invocations are executed with the determined numbe
tion contexts, and is orthogonal to power saving stratesyiel of threads and processors.
as clock/frequency scaling and synergetic to processtingal Phase analysis is a widely used process for identification
by the operating system. and optimization of dominant patterns in programs. Althoug
We present a quantitative study of the opportunities for im- we have used a manual phase instrumentation process for the
proving CPU power and performance efficiency on dense mul- purposes of this work, we note that our instrumentation can
tiprocessors using thread-level granularity control. Gudy be generalized and implemented in an automated tool. More
uses a real system (a multiprocessor with Hyperthreaded! Int specifically, we are currently integrating an automaticggha
processors) running parallel codes from the NAS Benchmarksidentification scheme in our software, which is loosely lbase
[4] and a realistic runtime CPU power estimation model based on basic block vector analysis [16]. That scheme identifies
on realtime execution data from hardware event counters [3] phases as vectors of parallel region entry points, throbgh t
To the best of our knowledge this is the first study of simulta- OpenMP runtime system, and weights them by the number
neous power and performance optimizations for nested multi of instructions executed per invocation. Phases are cadpar
threading multiprocessors, using a real system and septifap  using the Manhattan distance metric, where a distance value
cations. Our study reveals numerous opportunities foroperf  close to 0 in a given vector entry corresponds to a paraliel re
mance and CPU power optimization via granularity contrel, a gion invoked multiple times and executing an almost stable
well as the power/performance trade-off of activating dtenu number of instructions. By setting the vector length eqoal t
neous multithreading on the Intel Xeon processors. the number of distinct parallel regions in the code, this-sim
We also present HPPATCH, an online thread-level gran- ple vector analysis scheme accurately tracks phases dnd sel
ularity control scheme, which adaptively optimizes code fo similarity in iterative parallel codes.
power and performance by performing localized searches and
live timing analysis of thread granularities which are lk® 5 1 = Heyristic Searches of Thread Granularities
reduce CPU power without negatively affecting performance
HPPATCH achieves substantial improvements of power and

performance efficiency, while also allowing the usertoérad  gjple numbers of processors and threads per processorrto ide
specified performance penalty with power savings. tify the optimal thread granularity [20], searching all doima-

_ The rest of this paper is organized as follows: Section 2 i5ns incurs unnecessary overhead, particularly in |sce
discusses the merits of adaptive thread granularity cbati o my|tj-level systems. Besides a potentially large nunder

presents HPPATCH. Section 3 presents our experimentg Setu configurations to be searched, exhaustive searching hastto t
and Section 4 presents the most important results from 6ur ex eyen those configurations that are expected to performyoorl
periments. Section 5 summarizes related work. Section 6 con despite the low probability of selecting them as the besapin

Although one may consider an exhaustive search of all pos-

cludes the paper. plications with few outermost loop iterations, it is not pps
ble to amortize the cost of such attempts and performance and
2. Power-Aware Thread Granularity Control CPU power consumption may suffer. Therefore, our heuristic

opts for a localized, non-exhaustive search strategy. dhe f

We propose an online thread-level granularity con- lowing discussion of our heuristic assumes a multi-SMT or
trol scheme, whereby an estimate of the optimal number multi-CMP system.
of threads and physical processors is determined at run- HPPATCH (for High-Performance Power-Aware Thread
time and used for the execution of the application. The ob- Control HeuristiQ approximates the optimal configura-
jective is to consume less CPU power by executing sometion while requiring dramatically fewer iterations than-ex
phases of the application with fewer processors, withogane haustive searches to come to a decision. This approach is
tively affecting performance. Since some phases may dgtual based on the conservative expectation that more proces-
execute more quickly on fewer processors, due to allevia- sors are likely to result in faster executions for most paogr
tion of thread interference and bus contention, the totatex phases.
tion time of the application may be reduced as well by using  HPPATCH begins by recording the execution times of each
this technique. program phase with all processors and all threads per proces

Our adaptive thread-level granularity control is imple- sor active. The search proceeds to sequentially try fewer pr
mented through instrumentation of codes parallelized us-cessors with all threads per processor active. This phase of
ing OpenMP and requires no additional compiler support. We the search ends when a number of processors is encountered
used OpenMP parallel regions as phase markers. The paralwhich results in an increase in the execution time of the pro-
lel regions have been marked with calls to our adaptation li- gram phase under consideration. The local minimum of the
brary which denote the beginning and end of each region. execution time function, with respect to the number of psace
Since iterative codes have multiple outermost loop itera- sors, is used as the preferred number of processors foréhe sp
tions, each phase will be executed potentially many timke. T ~ cific phase.
library records the execution times of each phase with vary- The second stage of the search attempts to reduce the num-
ing numbers of threads and processors to find the combina-ber of active threads per processor, given the number of pro-



cessors selected during the first stage of the search. Ajthou 2.2. Searches with Performance Tolerance
we have so far experimented with 2-way SMT processors, in
which the search for the optimal number of threads per pro- We extend the basic framework described in the preceding
cessor is trivial, in the general case, we recursively afipdy ~ section, with a notion of quality of service. The latter goms
search strategy used to find the optimal number of proces-additional flexibility, in order to take into account CPU paw
sors per phase. This means that we sequentially decrementonsiderations in the decision of the number of threads and
the number of active threads per processor until we begin toprocessors to employ. Rather than simply choosing the config
observe performance degradation. Since HPPATCH performsuration with the lowest execution time, the adaptive aliponi
only a localized search of program configurations, it is poss is allowed to choose a configuration with a slightly higher ex
ble to end-up with sub-optimal configurations. ecution time if it results in the use of fewer processors. Wve i
plemented this performance-tolerant approach in bothxhe e

Note that processor deactivation always ends up in powerhaustive and the HPPATCH search strategies.
savings, whereas thread deactivation within active psmras In systems where performance is the primary concern, such
may or may not result in power savings. Power consumption an approach is not likely to be beneficial. However, systems
is linear to the number of active processors. Whether deacti Where minimal energy consumption for a given program exe-
vating threads within a processor reduces power or not, de-cution is desired may profit from that flexibility. We provide
pends on the processor architecture. On a multicore progess simple interface to define the allowed degree of performance
thread deactivation will always result in power savingagsi  tolerance. Itis expressed as the percentage of perforniasee
entire cores, each occupying significant area of the did, wil allowed in return for the deactivation of one processor.
be powered down. On SMT processors, which share a com-
mon pipe_line_ between multiple threads, power savings are no 3. Experimental Setting
necessarily linear to the number of deactivated threadsesi
the remaining active threads may still occupy the released r
sources to maximize their own ILP. Deactivating threadsen t
SMT is likely to reduce power if pressure for critical thread
shared resources, such as the caches, is reduced.

To evaluate the effectiveness of HPPATCH, we use a power
estimation model proposed by Is#i al [3]. This model pro-
vides a formula to calculate the power consumption of a pro-
cessor based on hardware parameters and hardware perfor-
mance counters. The model works by approximating the power

On the Hyperthreaded Intel processors, our experimentsconsumption of each of the 22 major CPU components using
show that deactivating the second thread results in power re an estimate of the maximum power and the access rates for
duction averaging 4%. Occasionally, power consumption-isi - each component. The formula for power consumption of each
creased due to higher occupancy of resources during singlecomponent is the following:
threaded execution. The overall energy may be minimizet wit
either one thread or two threads per processor, depending on
workload characteristics. To accurately select the mosegpo Power(Ci) = AccessRat€;) x ArchScalindC;)
efficient configuration in all cases, we would need to employ MaxPowetC;) + NonGatedClockPowéE)
runtime power estimates, and combine them with live tim-
ing of program phases. The model we are currently using for ~ The maximum power of each processor component is esti-
power estimation requires four executions of each phade wit mated to be the maximum power of the processor scaled down
different event counter rotations to collect the data nddde by the ratio of the die area occupied by the component [3].
an estimate. Therefore, the model is hard to apply on-line in We determined the die area ratio of each component using a
HPPATCH, because it would dramatically increase the searchfloorplan layout of the Pentium 4 provided in [10]. The ac-
overhead. We are currently investigating the use of power pr cess rate is the number of “accesses” to the component per cy-
dictors derived from one or two hardware event counts, which cle, and is computed using hardware performance counters to
could be used for live estimation of energy/delay and, avent record events associated with each component. The architec

ally, accurate selection of the most power-efficient thigaah- tural scaling of each component is the number of accesses tha
ularity within each SMT processor. can be simultaneously executed. The access rate multiplied
the architectural scaling equals the percentage of theexea
On a system oh physical processors, each witthexecu- cution time during which each component is active and, there
tion contexts, HPPATCH will try no more thart+- m— 1 con- fore, how much of its maximum power it is consuming. Fi-

figurations and may try as few as 3. Furthermore, the searchnally, non-gated clock power gives an additional constaat t
approach used in HPPATCH is likely to avoid trying the con- is consumed by each component when not idle. This term ac-
figurations that generally have the worst execution times, i counts for power consumption that grows non-linearly wlit t
those with too few processors. As a result, this technique isaccess rate. The total CPU power consumption is taken to be
likely to outperform the exhaustive search for application the sum of the power consumption of all components, plus a
with too few outermost loop iterations to amortize the over- fixed idle power. In our experiments, we sum the power con-
head of the initial search phase, as well as for scalablécgpgpl  sumption of all 4 processors.

tions with program phases which execute significantly stowe Hardware performance counters were collected using PAC-
when the number of active processors is reduced. MAN (for PerformAnce Counters MANagera library we



tive configurations with no performance tolerance (rightesi

of each diagram). The configurations that yield the lowest ex
ecution time and energy consumption are tagged in the dia-
grams with a striped bar and a star mark respectively.

Bench |BT |CG |FT (LU |LU-HP |MG |SP |UA
lters |200 |15 |6 |250 |250 4 400 | 200

Table 1. Benchmarks used from the NPB suite Figure 3 focuses mainly on the behavior of the adaptive
and the corresponding number of outermost strategies. More specifically, we execute each application
loop iterations. der the exhaustive and HPPATCH configurations, applying dif

ferent degrees of performance tolerance (0%, 5%, 10% and
20%). Each diagram reports 2 metrics, normalized with retspe

. to a static execution with 8 threads: i) The energy consummied f
have written to accurately collect event counts on Hyper- ihe execution of the application, and i) TEmergyx Delay?

threaded processors. PACMAN provides low-overhead accessyetric (ED?). The latter is a popular metric for evaluating
to the Pentium 4 counters using the Perfctr interface [15]. A power / performance tradeoffs in the context of high perfor-
though up to 18 events can theoretically be recorded simul- mance computing [12, 13, 21]. EBakes into account both the
taneously using Pentium 4 event counters, there are compleXenergy requirements and execution time of applications; ho
limitations as to which can be recorded at the same time. AS gy it treats the execution timBélay) as the first-class target

a result, the events required for power estimation must befqor optimization. The right segment of each diagram (stipe
recorded in four different rotations. To estimate the CPWe¢ro bars) includes the same ratios for the static configuratioats

of a given configuration, the program needs to be executed fou yielded the lowest execution time and the lowes2ED

times with one rotation of events being recorded each time.” | sections 4.1 and 4.2 we analyze the experimental results

The CPU power is then computed based on these values.  rg|ating to the static and adaptive execution strategigse®
We experimented using eight applications from the tively.

OpenMP version of the NAS Parallel Benchmarks (NPB)

suite (version 3.1) [4]. The benchmarks were compiled us- . . .

ing the Intel FORTRAN compiler (version 9.0) with the prob- 4.1. Static Configurations

lem size set to class A. This problem size is large enough

to yield realistic results while being small enough to en-  Figure 2 outlines many opportunities for potential CPU en-
sure the working sets of all applications fit entirely in main €rgy savings, without significant performance degradattin
memory. The NAS benchmarks are iterative with a consis- applications —with the exception of BT —are characterized b
tent workload between iterations, and are representatiteeo @ global CPU energy consumption minimum at 2 or 3 physical

vast majority of parallel applications. Furthermore, tivey- processors, across static configurations. The increas@lih C
tain app“ca“ons with both few and many outermost |oop power I’eqUIrementS when more than 2 or 3 processors are used
iterations (see Table 1). outweighs potential execution time improvement, thusltesu

We performed our evaluation of thread granularity control N9 in & negative CPU energy balance. Even in terms of per-
on a Dell PowerEdge server, composed of 4 Hyperthreaded Informance, the improvement attained by activating the 46A pr
tel Xeon MP 1.4GHz processors. Each processor can simulta-c€SSor is usually minimal. Itis, thus, possible to idenfafyor-
neously execute up to 2 threads. The machine has 1GB of mairle configurations in terms of both CPU energy consumption
memory and a 512KB level-3 cache, 256KB level-2 cache, and execution time. In the case of FT, for example, the exe-
8KB level-1 data cache and 12KB level-1 instruction trace cution with 3 threads on 3 processors proves both energy- and

cache, per processor. Experiments were run using Linux ker-fime-optimal. o .
nel version 2.4.25. The effect of the activation of the second execution con-

text of each processor on performance is not consistert. Cer
tain applications benefit from the exploitation of the seton
4. Results execution context, either in all (UA) or at least in some con-
) _ figurations (CG, LU, LU-HP, MG, SP). For other applications
To better understand the CPU energy and execution timethe exploitation of the second execution context consisten
properties of the 8 benchmarks from the NAS suite, we first |eads to performance degradation (BT, FT). The power esti-
executed them using 8 different static configurations oreur  mation model indicates that using the second execution con-
processor, 2-way SMT system. Specifically, we ran the bench-text ysually results in a minimal 3%-5% increase in the power
marks using 1 to 4 processors and either 1 or 2 threads per progonsumed by each CPU. As a result, the CPU energy balance
cessor. In static executions, the same configuration has bee s mainly dependent on the respective performance balance.
used throughout the execution life of the application. Wnth Our experimental resuftsverify the intuitive expectation
executed the applications using the two adaptive stragegie for g strong correlation between the optimal performanoe- a
namely the one based on exhaustive trial of all configuration £p2.\ise static configurations. In 6 out of 8 applications the
and the HPPATCH heuristic, both under different degrees of pest performing static execution is the one that yieldsdhe |
performance tolerance. est EI¥ as well. As a consequence, performance-centric adap-
Figure 2 depicts the execution time and CPU energy con-
sumption of each application with the 8 static configuragion - o
(left side), as well as with the exhaustive and HPPATCH adap-1  Notdepicted in the charts due to space limitations.
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Figure 2. Execution time and CPU energy requirements of each
and the 2 adaptive configurations.

application under the 8 different static

tion choice on the specific system — exh and HPPATCH poli-
cies are, on average, 5% and 7% faster respectively. In #ee ca
of UA, HPPATCH outperforms even the best static configura-
tion by 9%, since the adaptive policy allows different loops
execute with different numbers of threads, according tir the
characteristics.

tive execution strategies are very likely to identify svepeits
in the performance / energy tradeoff as well.

4.2. Adaptive Execution

Itis clear from the previous discussion that deriving the op
timal (performance- or power-wise) configuration for eaph a
plication is not a straightforward task, even for an experésl
programmer. In fact, our profiling results indicate thafetdi
ent loops of the same application may execute optimally un-
der different configurations. In UA, for example, each of &he
static configurations proves optimal for at least one lodge T
shortcomings of statically configured executions motithee
use of dynamic, adaptive execution strategies.

Figure 2 depicts the execution time and CPU energy con-
sumption attained by an exhaustive search (exh) stratedyy an
the HPPATCH adaptive heuristic, with no performance toler-
ance. The execution times for exh and HPPATCH are on av-
erage 14% and 11% higher, respectively, than the fastest sta
configuration for each application. If the execution timetaf The use of adaptive strategies is typically associated with
adaptive policies is compared to that attained by a statie ex a certain degree of overhead for two reasons: First, duhiag t
cution with 8 threads — which would be the natural configura- search phase, loops are executed with suboptimal configura-

FT and MG are not susceptible to adaptive optimizations.
They have a small number of outer iterations (6 and 4 respec-
tively). As a result, the adaptive policies do not have efoug
opportunities to evaluate different configurations ananei
they reach a decision, the remaining iterations are notgimou
to amortize the cost of the search phase. However, even a mod-
erate external iteration count — 15 in the case of CG — proves
sufficient for the adaptive strategies to be effective. knrist
of the discussion we exclude the results from FT and MG when
calculating averages of metrics across applications. Ugixcl
ing FT and MG, exh and HPPATCH are a mere 10% and 5%
slower than the execution time-optimal static configuratier
spectively.
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Figure 3. Normalized values of CPU energy consumption and th e ED? metric, over the static execution
with 8 threads. We report the results attained by the exhaust ive search and HPPATCH adaptive strategies
under different performance tolerences. We also report the same metrics for the fastest static execution
and the static execution that resulted in the lowest ED

tions. The exhaustive search strategy is penalized moreeby t This overhead can be attributed solely to the dynamic varia-
search phase, since all configurations have to be testedh dowtion of the degree of parallelism and thread placement acros
to the sequential execution, before a decision can be madeloop boundaries.
HPPATCH on the other hand, usually converges to a decision
much faster. The second source of overhead relates to the po- Figure 3 provides more insight into the CPU energy re-
tential execution of consecutive loops with different cgofi quirements of applications under the two different ada&ptiv
rations. Programmers of scientific codes tend to optimiegth ~ strategies and under different degrees of performance- tole
applications for cache performance, under the assumgtaint ance. Increasing the degree of performance tolerancetsesul
the application is going to be executed with a fixed number as expected, in an increase in the execution times of appli-
and placement of threads. Adaptive strategies often chtiege  cations. Slower configurations are favored, in order to deac
number of threads in consecutive loops, thus distortingyeac tivate processors and reduce CPU power consumption. This
locality [6]. In order to evaluate the extent of the perforroa strategy seems to be beneficial for the average CPU energy
degradation the distortion of cache locality is respomsfblt, consumption of applications, when they are executed under
we executed LU-HP under all 8 static configurations. We then the exhaustive search adaptive scheme. It results in an aver
identified the optimal configuration for each loop and reedrd  age of 5.86% energy savings, compared to the adaptive execu-
the loop execution time under that configuration. Next, we ex tion with no performance tolerance. For the HPPATCH adap-
ecuted the application once more, using the off-line idieti tive heuristic, however, the energy consumption increases
optimal configuration for each loop. We found that the loops average by 1.18% for executions with performance tolerance
suffered a slowdown of 19% on average, with respect to their higher than 0%. The exhaustive search scheme can better ex-
optimal execution times recorded in the static configuratio  ploit opportunities offered by higher performance tolees
since it has a broader search space than HPPATCH. In the



riods by reducing the frequency and the voltage supply of
processors. These methods operate on clusters with pro-
cessors that allow DVFS (dynamic frequency and voltage

BT |[CG |FT |LU |LU-HP [MG |SP |UA
3.52|2.81 |2.67 |4.00 |2.29 2.62 |2.66 | 3.67

scaling).
Table 2. Average weighted number of physical Our work differs from research on power and performance-
processors used by each application when ex- efficient MPI execution in that it improves energy and perfor
ecuted under the HPPATCH adaptive strategy mance efficiency on shared-memory multiprocessors and SMT
without performance loss tolerance. architectures. Our scheme, similarly to the just-in-timéH3

technique presented in [7], performs timing analysis acros
outer iterations of parallel codes, however it applies gnep-

) ) timizations at a different granularity, namely that of pbsen-
case of the EBmetric, however, the experimental results are cjosed by parallel loop boundaries, rather than entirerdtite
clearly against configurations tolerating performance.|Ber- erations. Furthermore, our work uses a different approach f

2.60% and 23.06% higher (worse) values of the?Eetric ecution contexts.

for the exhaustive search and the HPPATCH adaptive strate- o study of power and performance implications of tun-
gies respectively. Even the minimal CPU energy reductions —jnq thread granularity in parallel codes shares similaecbj
in the case of exhaustive search — cannot outweigh the execugyes with a study of the power-performance trade-offs apch
tion time increase induced by_tolerating performance loss. ~ multiprocessors presented in [11]. The authors in [11]stive
The results of a comparative evaluation of the exhaustive gate the implications of both DVFS and thread granularity on
search against the HPPATCH adaptive strategy is clearg-inf - performance using a single, simulated CMP. Our work differs
vor of HPPATCH. HPPATCH results, on average, in 5% faster i several respects. It is conducted on a real multi-SMTesyst
execution, 7.59% less CPU energy consumption and 7.31%gnd the power-performance optimizations proposed area-appl
better EB. Although, theoretically, HPPATCH may converge caple at runtime via live timing analysis, rather than deiiv
to suboptimal configurations, in practice it usually cogesr  statically from a power-performance model [11]. Furthereqo
to the correct decisions with just a fraction of the searcét co gy approach looks for power-performance optimization op-

and cache distortion. _ _ _ portunities by granularity control in program phases (Eop
Compared to a static execution with 8 threads, HPPATCH rather than by fixing the granularity of the entire program.
without performance loss tolerance results, on averade % Runtime analysis of loops for granularity control towards

less CPU energy consumption and 29% lower (betterf.ED energy savings has been considered in [6], where the authors
The adaptive strategy manages to identify configurations fo proposed compiler support for generating multiversiorpkoo
each individual loop of the application that allow the deact to control thread granularity at runtime. The work in [6] per
vation of physical processors without penalizing perfamc&  forms thread control at the granularity of loop iterations i
Table 2 reports the average weighted number of physical pro-stead of entire loops, which is the case in our scheme. No re-
cessors used by each application. The value has been calcusyits were reported in [6] and the work, as with [11], targete
lated by weighting the number of processors selected in eachindividual chip multiprocessors rather than systems with-m
loop by the percentage of contribution of the specific loop to tiple physical processors.

the total execution time of the application. Even in the case  The use of hardware event counters for the estimation of
of LU, which uses 4 processors throughout its execution life  energy consumption on microprocessors has been explored in
HPPATCH identifies the opportunity of deactivating the sec- [3 19]. The CPU power estimation model used in this study
ond execution context of each processor in the most time con-yas adopted from the Pentium 4 model presented in [3]. The
suming loop of the application, thus resulting in both execu work presented in [19] is the first to use event counters at run
tion time improvement and CPU power / energy savings. time to derive an estimation of power which can be used to

Moreover, HPPATCH is a mere 5% worse, in terms ofED  dynamically scale voltage and frequency from within the OS
performance, than the fastest and the most Efficient static scheduler during system operation.

configurations. In terms of CPU energy consumption, HP-
PATCH results in 5.87% and 2.71% savings, compared with

the aforementioned static strategies. 6. Conclusions

Using physical experimentation with a real system and a
5. Related Work realistic power model based on hardware event counters, we
have evaluated the CPU energy / performance tradeoffs that
High-performance power-aware execution of MPI pro- arise by tuning thread granularity during the executionaf p
grams on distributed memory platforms has recently beenallel applications on multi-SMT systems. Our study shows
investigated [2,7]. These works have identified opportu- that the execution time-wise optimal static configuratidn o
nities to save energy without impacting execution time in ten leaves idle processors and execution contexts. Becduse
MPI programs by exploiting idle periods during communi- the diminishing returns of using more processors for perfor
cation and collective operations. The authors have prapose mance, it is natural to consider deactivating processos-in
several automated methods for saving energy during idle pe-der to improve energy efficiency.



Motivated by our observations, we have presented an adap- [8] P. Kongetira, K. Aingaran, and K. Olukotun.
tive approach, HPPATCH, which takes advantage of the lim-

itations in the exploitable parallelism of parallel applions
to leave execution contexts or entire physical processthes i

during certain program phases. HPPATCH works by searching

(9]

for a number of threads and processors which optimizes exe-

cution time for each program phase. In so doing, it provides

the potential to reduce not only execution time, but also CPU [10]
power consumption by reducing the number of processors ac-
tively consuming power. In our experiments, HPPATCH was
able to reduce execution time by 7%, CPU energy consump-
tion by 17% ancEnergy« Delay? by 29% on average over a
range of parallel applications compared to using all 8 avail
able execution contexts. Furthermore, HPPATCH's locdlize

search method proves to be significantly more effective than

exhaustive runtime searching of program configurationseand
viable approach to autonomous optimization of paralle} pro [12]
grams on dense parallel architectures.
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