Automatic Thread Distribution For Nested Parallelism In OpenMP

Abstract

OpenMP is becoming the standard programming model for sharemory parallel architectures. One of its most inter-
esting features in the language is the support for nestedlf@ism. Previous research and parallelization expedes have
shown the benefits of using nested parallelism as an alteentd combining several programming models such as MPI and
OpenMP. However, all these works rely on the manual defmibban appropriate distribution of all the available thread
across the different levels of parallelism. Some propokalge been made to extend the OpenMP language to allow the
programmers to specify the thread distribution.

This paper proposes a mechanism to dynamically computedseappropriate thread distribution strategy. The mecha-
nism is based on gathering information at runtime to derhegtructure of the nested parallelism. This informationsed
to determine how the overall computation is distributedisetn the parallel branches in the outermost level of paliahe
which is constant in this work. According to this, threads$hia innermost level of parallelism are distributed.

The proposed mechanism is evaluated in two different emviemts: a research environment, the Nanos OpenMP research
platform, and a commercial environment, the IBM XL runtinfigadry. The performance numbers obtained validate the
mechanism in both environments and they show the importaineelecting the proper amount of parallelism in the outer

level.

1 Introduction

Shared—-memory parallel architectures are becoming conptatiorms for the development of CPU demanding applica-
tions. Today, these architectures are found in the form @lissymmetric multiprocessors on a chip, on a board, or on a
rack with a modest number of processors (usually less thani3drder to benefit from the potential parallelism theyeoff
programmers require programming models to develop theallghapplications with a reasonable performance/siaityli
trade-off.

OpenMP [18] is becoming the standard for specifying the Ifiem in applications for these small shared-memory

parallel architectures. Its success comes from the fatc@panMP makes the parallelization process easy and incitaine



One of the most interesting aspects in the OpenMP progragimadel is that nested parallelism is considered. However,
the specification does not provide implementation hintsdéh@necessary to efficiently exploit nested parallelism.

The research framework consisting of the NanosCompileafiglthe NthLib [16, 15] runtime library provides full suppor
for nested parallelism in OpenMP. This frameworks has beead in by some researchers to parallelize their application
making use of nested parallelism [19, 12]. Some extensioitiset OpenMP specification have been proposed to efficiently
exploit nested parallelism and allow programmers to sgeh#é appropriate allocation of resources to the differemtls of
parallelism [10]. Basically, those extensions introdunead—clustering mechanisms in the OpenMP programmingmod
Other research works have also shown the performance keog&ftiread—clustering mechanisms when exploiting nested
parallelism [11, 8].

Recently, this research framework has been extended teveagiobal solution for the automatic selection of the best
parallelization strategy for OpenMP applications. Alohg parallelization process, it is quite common that prognans
cope with different parallelization strategies, eithergée level or multilevel. The decision is usually dependefrgeveral
factors, such as the available number of threads or spepifilication characteristics. It may even depend of the inlata
sets. In the case of nested parallelism, the decision neesizecify how the available resources (threads) are diséib
among the levels of parallelism. As we will show in the nexttem, this is not an easy task. For this reason, this paper
proposes a mechanism to automatically compute the apptepinread distribution based on information gatheredraime,
information that is supposed to give an accurate descnitiohe structure of the nested parallelism.

The structure of the paper is as follows: section 2 preshetsiain motivations for this paper. Section 3 describes thia m
contribution of this paper, the automatic thread groupsitafn. Section 4 presents the performance evaluationti3es
describes the main contributions of previous research svorkested parallelism. Finally, section 6 presents thelosions

of this paper and outlines some future work.

2 Motivation

In order to motivate the proposal of this paper, we summanizhis section the main observations and conclusions of
previous research works [11, 8, 7, 10, 12].

Figure 1 shows a simplified version of the structure of BT-M#e of the codes included in the NAS multizone benchmarks
[17]. We will use it to show the kind of situations where nelsparallelism can be exploited and leads to a performance
increment. The code performs a computation ovelogkeddata structure. For each block of data (or zone), some work is
performed in a subroutine calledli. A first level of parallelism appears since all zones can bemded in parallel. This
would correspond to tasklevel parallelism and is coded by the parallelizing dineetPARALLEL DO. A STATIC work
distribution will be performed among the threads that exethis first level of parallelism. The computation allows fioe

definition of another level of parallelism, as the compuatatperformed in each zone of data is organized in the form of a



parallel loop. This parallel level would corresponddata parallelism. The code in subroutiaeli contains a parallelizing
directive for this loop. For this level of parallelism, a SM& scheduling is going to be set. The overall computation is
enclosed in dime stedoop and at the end of each iteration, there is some data nevielm update zone boundaries. This
iterative structure is common in most numerical applicadiand is necessary in any technique that dynamically ingsrov

the behavior of an application based on past behavior.

do step = 1, niters

C Inter-zone parallelism
I $OVP PARALLEL NUM THREADS( num gr oups)

I $OVP DO
do zone = 1, num zones
CALL adi ( zone, ...)
end do
' $OVP END DO

I $OVP END PARALLEL
C Upaéie zone boundari es
ena.do
end
subroutine adi ( zone_id, ... )

C Intra-zone parallelism
I $OVP PARALLEL NUM THREADS(zone_t hr eads(zone_i d))
' $OVP DO

do j =1, k_size(zone_id)

end do
I $OvP END DO

1 $OVP END PARALLEL
end

Figure 1. Main structure of the BT-MZ code with nested parall elism.

The programmer can define two parallelization strategiasjttst exploit a single level of parallelism. The first onstju
exploiting the inter—zone parallelism, that we will calkethuter version. The second one just exploiting the intra—zone
parallelism, thennerversion. The performance for tloeiterversion is clearly limited by the number of zones. Using more
threads than the number of zones does not contribute to iragrerformance. In addition, zones may have different sizes
and lead to an unbalanced execution in which some of thedbr@aste execution cycles waiting for the others to finisir the
work. In case of important size differences, the unbalareggek might cause a noticeable performance degradatign. So
two main factors are limiting the performance. First, thiatien between the number of available threads and the numbe

of zones. Second, the unbalance degree expressed thraugizéhdifferences between the zones. In both casesyutiee



version is not going to adapt and increment the performarnesnan important number of threads (32 or more) are available
Other issues have to be analyzed whenittiner version is considered. The most important issue is graityil&preading

the work in this level of parallelism among a large numberwéads might cause that the work assigned to each thread is

too small to take profit from the parallel execution. The firiganularity that can be exploited is conditioned by theia

overheads related to parallelism creation and terminationk distribution and thread synchronizations. This ighgdo be

noticeable when executing with a large number of threadsia82 or more).
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Figure 2. BT-MZ class A execution times on a IBM Regatta

After exploring the single level possibilities, it is nesasy to point out why a nested strategy would overcome thectisd
limitations. By exploiting both levels of parallelism (ianand outer levels), nothing is gained, unless threadsrgatiged
in a particular way that avoids the grain size and work uni@groblems. Regarding the the grain size problem, the only
solution is to forbid having the inner level of parallelisxeeuted by all the available threads. This leads to thrassteding
strategies. The main idea is to create, for each block or,zimdifferent set of threads that will execute the work camin
out from the inner level of parallelism. The NUMHREADS clause in the source code can be used for that purfbée
is solving the grain size problem, but nothing is done torageathe possible work unbalance created in the outer level of
parallelism. In order to face that, the thread sets coulddfimeld according to the amount of work assigned to each péarall
branch in the outer level. In the example, this needs of lgadifferent values for the argument of the NUMHREADS
clause, depending on tlz@nethat a set of threads is going to work on. In order to illugtridlis, Figure 2 shows how the
execution time of the BT-MZ application changes with diéfet allocation of threads in the outer level (NP) and inneelle
(NT) [12]. Since in this application zones have differemzesi, NT is different for each zone, so NT represents the geera
value. Notice that for each number of processors (2, 4, 8,r13pthe best parallelization strategy may be differentisTh
difficulty in determining the most appropriate thread disttion between the levels of parallelism has been takeheasin

motivation for the work in this paper. The proposal is to r@fyruntime mechanism to automatically derive it at runtime.



3 Automatic Thread Groups

In this section we describe the main issues to considergviiiking for a runtime mechanism that allows for the com-
putation of optimal thread distributions. Based on whatlhesn described in the previous section 2, setting the nuofber
groups in the outermost parallel level, plus a thread redienv for the inner levels of parallelism, is enough for mayvthe
thread distribution totally defined. Thus, the number oflgg@and the number of threads assigned to each one seem & be th
main issues to consider. Actually, the appropriatenesshufesd distribution is determined by this two factors pheswork
distribution that is going to be performed during the exexubf the nested parallelism. Depending on the existingkwor
unbalance, a thread distribution might or might not sucéeétproving the performance. Notice that the thread restioa
for the inner levels of parallelism might not be in concordamith the work distribution. | that case the work unbalance
persists. Thus, three elements condition the benefits #rabe obtained from a thread distribution: the number of gsou
the number of threads assigned to each group, and the waribdisn.

Opposite to what has been described in section 2, now the obgéctive is to achieve an appropriate thread distribution
automatically, without any programmer hint. The implenagion of the runtime system has to deal with the previously
mentioned three elements. The proposal that this papezniseis based on tuning the thread reservation for the iemeld.

The number of groups and the work distribution are going ttré&ted out of the runtime implementation. Particulahg, t
number of groups is going to be set by the programmer, whdeubrk distribution is going to be defined by the application
through the available schemes in the OpenMP standard. Thieneihas to be able of deriving the best thread distribution
for a given work distribution and number of groups. The omguisite for our implementation is that the program behaves

in a iterative manner.
3.1 Methodology

For each nest of parallel regions where it is wanted the mento automatically compute the thread distribution, a neimb
of groups has been set and a work distribution has been defiméédlly, it is assumed that each group is equally weighte
in terms of computation, so the available threads are umifpdistributed. The runtime needs to gathering some kind of
information that helps it to derive how the computation istidibuted among the groups. Detecting possible work umicala
will then be translated to changes on the thread distributtmat is, increasing the number of threads for those grbapsily
weighted, decreasing those with lesser load. Therefoditg what kind of information has to be gathered, is going t
be one important issue in the implementation. Assuming tetgathering mechanism is available, it has to be defined
a procedure to infer the work distribution and link it to aipplto distribute the threads accordingly. At this pointjsit
necessary to have some evaluating process, pointing oirhfirevement that is going to be obtained from the new thread

distribution. A function predicting the gains has to be iempknted, but under some threshold control, in order to avoid



unnecessary changes in the distribution. Notice that neihgasuch mechanism, would open the system to undesirable
effects like constantly moving threads across the grougs®n thread ping-pong.

Figure 3 shows our general framework for computing the ogitthread distribution. From what has been introducedgthre
phases can be distinguished. A first one where the inform&igathered and transformed in order to obtain a descniptio
of the parallelism structure in terms of load balance. A sdaane where a new thread distribution is established thrtiug

obtained information. Finally a validation phase wheredtstribution is accepted or not.

____________
- -~ -
- -
-

-~
| -~

pre distribution validation
pracessing [ *| policy [ 7| filters
] probhe

execution flow
----- information flow

Figure 3. Framework design overview

3.2 Implementation

This section describes the implementation decisions atallsi®f the three phases mentioned in the previous section:

Runtime information sampling hread distribution policyandValidation of a thread distribution

3.2.1 Runtime information sampling

In the implementation of this phase, two main decisions ha\ee taken: what is the runtime system going to measure and
how this data is going to be treated to obtain a descriptidgheparallelism structure. In our implementation, exemutime

is the preferred metric, but of course, the reliability of theasurements depends on the selected places to placeltes.pr

What to sample, where to sample

Our runtime system places time probes at the beginning addgthe execution of each thread. This allows for a good
approximation of the work each group of threads is doingessithe runtime system introduces unreasonable overhedds t
distort the measurements. Notice that the way the probeslaced makes the accumulated time include all the overheads
related to thread creation/termination, possible basgechronizations and so on.

A better, but somewhat complex, approach is to put the prattbe beginning and before the implicit barrier at the end of

each work sharing construct. Accumulating the time in eactkwgharing we obtain a good sample for the amount of work



of each group of threads.

Information preprocessing

Our runtime implementation takes the measurements in tkermost level of parallelism as an initial description oé th
parallelism structure. The deviation in those measuresnsrgoing to report the unbalance degree that has been ebtain
since the last applied thread distribution. The measurésrame normalized to the minimum one. That is, the runtime
computes the thread with the minimum execution time and/itlds the rest of values by this minimum. This normalization
erases the small deviations of the sampling giving a moreningéul collection of computational weights for each grafp
threads.

In this step, the runtime could also compute additional itefrom the sampled data, like the degree of unbalance, that

could be useful to the distribution policy.

3.2.2 Thread distribution policy

After the parallelism structure is approximated, the tbréstribution policy is invoked to compute the optimal distition
of threads between the outer level groups. Different padiciould be implemented here.
We have implemented an algorithm based on the work from @leazt al.[10]. Figure 4 shows the code algorithm written

in Fortran90 syntax. Variableeight contains the proportions previously mentioned. Varialgeups andhowmany refers
to the number of threads devoted to the execution of thelphsah in the outermost level. Variabl®wmany specifies the
number of threads to be used for the execution of the paratieh the inner levels. Variableum_threadsrefers to the total
number of available threads. The algorithm assigns onadpergroup. This ensures that at least one thread is assigned for
the execution of the inner levels of parallelism thadupencounters. After that, the rest of threads are distribatedrding
to the proportions in vectareight.

pos=mi nl oc(sanpl es(1: ngroups))

wei ght ( 1: ngr oups) =sanpl es( 1: ngr oups) / sanpl es( pos)

howrany(1: ngroups) =1

do while (sumhowmany(1l:ngroups)) .Ilt. num.threads)

pos = maxl oc(wei ght (1: ngroups)/
howrany(1: ngr oups))

howrany(pos) = howrany(pos) + 1
end do

Figure 4. Thread distribution algorithm.

3.3 Validation of a thread distribution

After a thread distribution has been computed by the apatgpolicy, a number of filters may be used to validate that a

certain benefit is going to be obtained from applying the nistridution.



Critical path validation filter

This filter allows to discard those cases where moving tteealich has some penalty (data movement between caches), it
is not predicted to have a reasonable increase of perforr(@movercome the penalty).

Using the time samples and the new thread distribution, fités computes an estimation of the critical path that is
going be obtained if the new distribution was applied. Thidane by dividing the time samples by the number of assigned
threads in the new distribution. If the maximum value is ¢gethan the one obtained with the current thread distiioLithe

distribution is discarded. Figure 5 shows the describedrétgn in Fortran90 syntax.

t hreshol d= nunber between 0 and 1
pos=max| oc(sanpl es(1: ngroups)/ howrany( 1: ngr oups))
new_critical _pat h=sanpl es(pos)/ howrany(pos)
if ( newcritical _path .It prev_critical_path .and.
(new_critical _path - prev_critical _path) .gt.
(threshold * prev_critical _path) ) then
return true
el se
return fal se
endi f

Figure 5. Critical path validation algorithm.

Ping-pong effect

Based on the history of thread distributions used, thisrfilteuld be in charge on detecting a ping-pong situation, wher
a number of distributions are applied cyclically withoutyareal gain. When the filter detects this situation chooses th

distribution that best worked and it filters out any other.

More threads than chunks of work anomaly

The distribution algorithm is not aware about the numberhofrks of work that are going to be defined in the inner levels of
parallelism. The parallel regions in the inner levels migffér different degrees of parallelism traduced in chunkaark

to be distributed among the threads. In that sense, it istdeskat one parallel region offers enough chunks to fekthal
threads, while others do not. Our implementation is semstt that, but we expect that the sampled execution times are

going to reflect this situation. Thus, the thread distribatlgorithm can redress it.

4 Evaluation

The proposal in this paper has been implemented in two diftsgnvironments: a commercial environment, the IBM XL
runtime library and a research environment, the NANOS Opemivhtime library. The evaluation has been done using two
benchmarks from the NAS Multizone suite of benchmarks. THewing sections describe the most important aspects of

the benchmarks that condition the nested parallelism dixeacand the thread distribution computation.



4.1 Execution environments

4.1.1 NANOS environment

Benchmarks evaluated with the NANOS runtime library haverbexecuted in a Silicon Graphics Origin2000 system [20]
with 64 R10k processors, running at 250 MHz with 4 Mb of se@gdache each. The compilation was done using the
NANOS compiler which performs all the OpenMP transformiasioThis compiler is a source-to-source compiler. We finally

build binaries with the native compilers with the followifiggs:-64 -Ofast=ip27 -LNO:prefetch ahead=1:auto dist=on

4.1.2 IBM XL environment

Benchmarks using the IBM XL environment have been run in &0@Bway Power4 [21] machine at 1.1 Ghz with 128 Gb
of RAM. We used the IBM’s XLF compiler with theO3 -gipa=noobject -qsmp=ompand the operating system was AlX
5.2.

4.2 Applications

We have evaluated two applications from the NAS Multizonedenark suite [17]. The applications are: BT and SP
with input data class A. These benchmarks solve discretizezslons of the unsteady, compressible Navier Stokes iemsat
in three spatial dimensions. The two applications compuéz a data structure formed by blocks. The computationgreat
one block after the other, and then some data is propagateede the blocks. Parallelism appears at two levels. At the
outermost level, all the blocks can be treated in parallglth& innermost level, the computation in each block is coded
through paralleldo loops. This structure allows for the definition of a two-leparallel strategy. The main difference
between the two benchmarks is the composition of the blagkih is going to be the main issue in the evaluation. In the
case of the BT-MZ, the input data is composed by blocks oédtifit sizes, while SP-MZ works with a data structure where

all blocks are of the same size.

4.2.1 BT-MZclass A

BT-MZ in class A works with an input data formed by 16 threeadinsional blocks. For each block, the computation goes
along different phases, all of them implementing a nesti&dto loops, one per dimension. Table 1 shows the size of each
block, according to the dimension sizes. Usually, the ootest loop corresponds to the K-dimension and is paralielize
Because of data dependences, in only two phases the nes tdaps is structured placing the loop running on the J-
dimension in the outermost level and also parallelized.

Applying a single level strategy forces the programmer toose between two possibilities. Exploiting the paraltelis

between blocks, which is limited by two factors: only 16 #ale can obtain work as there are only 16 blocks, and what is



worst, the parallelism is highly unbalanced. Last columrtaiiie 1 shows the proportions between the blocks. The reader
can see that between the the smallest block (block 1) ancatgedt one (block 16) there is a factor of 19.9. The other
possibility is to exploit the parallelism in the block. Theops over the K-dimension and J-dimension (this last ong ionl

two phases) have to be parallelized. Again the performamngeing to be limited. According to the information in table 1
the K-dimension is 16 for all blocks and the J-dimensione&swithin 13, 21, 36 and 58. This means that when the loop
executing on the K-dimension is parallelized, only 16 tseaan obtain work to execute in parallel, while when the loop
executing on the J-dimension is parallelized, up to 58 tisean execute in parallel, depending on the block. Thezebmst

option is to use a two-level strategy, combining thter andintra block parallelism.

Block I-dimension J-dimension K-dimension Size  Proportims

1 13 13 16 2704 1

2 21 13 16 4368 1.61

3 36 13 16 7488 2.76

4 58 13 16 12064 4.46

5 13 21 16 4368 1.61

6 21 21 16 7056 2.61

7 36 21 16 12096 4.47

8 58 21 16 19488 7.20

9 13 36 16 7488 2.76

10 21 36 16 12096 4.47

11 36 36 16 20736 7.66

12 58 36 16 33408 12.35
13 13 58 16 12064 4.46

14 21 58 16 19488 7.20

15 36 58 16 33408 12.35
16 58 58 16 53824 19.9

Table 1. Block sizes for BT-MZ class A.

4.2.2 SP-MZclass A

The SP-MZ benchmark is very similar to the BT-MZ benchmartke Thain difference between both benchmarks is related to
the sizes of the blocks in the input data structure. In thé/&enchmark the input data is compose by 16 three-dimeakion
blocks, all of them of the same size: 32 x 32 x 16 (K, J, | dimensj respectively). The computation evolves over differen
phases, where each phase is implemented by three nestex] tsapper dimension. The outermost loop in each phase is
always parallelized.
As in the case of the BT-MZ, a single level strategy can notffigiently applied. Notice that the option of just exploigin

a theinter block parallelism is not unbalance at all, but suffers fréva $ame limitation regarding the number of threads to
be used. Only 16 threads can obtain work in a such strategglad 6 blocks form the input data. Thus, again, a two level

strategy is the best option: combine theer andintra block parallelism.



4.3 Methodology

4.3.1 BT-MZ

As it has been explained in previous section 4.2.1, the BThHdAchmark incorporates an algorithm performing data and
thread distribution. As it is possible to activate/deaativeach type of distribution, different benchmark versibave been
evaluated. The comparisons have been done under equalistaitaution, since what we want to evaluate is how powerful
is the proposed mechanism for automatic thread distribufithus, the performance results have been organized aegord
to the data distribution. The experiments have been segghnatwo different sets. A first one where the data distrifguti
algorithm has been deactivated, and the zones are digttitarhong the thread groups following a STATIC scheme. A
second one where the data distribution is defined by theirgistgorithm in the benchmark. In each case, four different
versions have been tested, depending on the applied thigtaithution. Theautomaticversion dynamically computes the
thread distribution. This corresponds to the one using titemaatic mechanisms proposed in this paper. dmigrmversion
defines a uniform thread distribution among the groups.mhaualversion performs a thread distribution computed by the
existing algorithm in the benchmark. Finally, theeassignedersion executes under the final thread distribution redblye
theautomaticversion. Thepreassignedersion allows for having an approximate measurement aéffieets of the automatic
thread distribution mechanisms. Notice that those meshaiely on an initial phase where the application evolvekitg

for a stable thread distribution. It is this thread disttibn that is used in thpreassignedersion. Thus, the comparison of

theautomaticandpreassignedersions gives us an estimation of the effects of the meetianitial phase.

43.2 SP-Mz

The SP-MZ benchmark presents an input organized in equaéig 2ones. Thus, no unbalance is produced in the outermost
level of parallelism. Having a totally balanced input, alfofor checking that the proposed mechanisms adapt to théatisin,
leading to the definition of a uniform thread distributiomass the thread groups.

Two versions of the benchmark have been evaluated alit@mmaticversion works with the automatic thread distribution
mechanism. This version starts the execution with a unifim@ad distribution, and its execution allows us to chec¢kéf
proposed mechanism detect the absence of unbalance, amdatadange to a non-uniform thread distribution. Trenual
version executes under a constant uniform thread disimibuThe adaptive mechanisms are deactivated. The coropafs
this two versions allows us to check the presence of unreddeverheads, or even deficiencies in the thread distsibut

algorithm that lead to wrong thread distributions.



4.4 Evaluation in the NANOS environment

4.4.1 BT-MZclass A

The results for the BT-MZ benchmark are displayed in figure® @l of them are expressed by means of speed-up.
Graphics in figure 6(a) shows the performance numbers fahallzersions under a STATIC zone distribution (the data
distribution mechanism is deactivated). Thetomaticversion obtains 18.01, 19.79 and 27.24 for 4, 8 and 16 groups.
Compared with theiniformversion (speed-ups of 13.84, 11.76 and 10.96), it is clestrttie thread distribution has to be
computed according to the work unbalance caused by theetiifes between the zones. The same result is obtained by
comparing theuniformandmanualversions. The numbers for theanualversion are 19.35, 20.84 and 23.02. Again, the

manualversion outperforms theniformversion.
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Figure 6. BT-MZ class A speedups using 32 cpus (NANOS environ ment)

The comparison between timeanualand theautomaticversions allows for a main conclusion. Both versions penfor
similarly, unless for the case of 16 groups, wheredh&maticversion outperforms in 4 points of speed-up. Thus, there
is no need of including the thread distribution mechanisrthanapplication, while this can be done by the runtime with
as much precision as a programmer’s hand coded approacldiffdrences in performance between these two versions are
explained through the thread distribution. Table 2 showdtinead distribution for each version. Remember that thezare
distributed under a STATIC scheduling. Thus, this workrilisition introduces some work unbalance that has to be teflec
in the thread distribution. In the case of 4 groups definedpb&erve a considerable difference in the threads devoted to
the most weighted group (in computational terms). Forrttaaualversion 14 threads are assigned to this group, while 18
are in theautomaticversion. For the 8 and 16 groups cases, similar situationsait is because of these differences that
the automaticversion outperforms. A first conclusion is that deriving theead distribution from information gathered at

runtime allows for better distributions.



Version Groups 4 Groups 8 Groups 16
automatic 33818 121347313 1111111211241248
manual 36914 131436410 1111112212242245

Table 2. BT-MZ class A thread distributions for STATIC zone d istribution (NANOS environment)

Finally, the comparison between thatomaticandpreassignedersions allows for determining the effects of the initial
phase that thautomaticspends in reaching a stable thread distribution. pieassignegerforms with 18.07, 19.95 and
27.23 points of speed-up with 4, 8 and 16 groups respecti@darly, very similar to thautomaticversion, what allows us
to conclude that the automatic mechanisms can be reascaifdnigled by the application.

In figure 6(b) shows the performance numbers for all the bevack versions under a the zone distribution algorithm
provided by the application. Similar conclusions can beawigld under this zone distribution scheme. Huaéomaticand
manualversions are the ones that perform the best. Again, thedhdis#ribution solves the work unbalance introduced by
the native algorithm in the application. Surprisingly, ti#ained results are better than the ones obtained in tloaigores
under a STATIC zone distribution. We suspect that this iateel to the zone clustering that the application includegicld
that, as much as work unbalance is concerned, the autorhatiad distribution is conditioned by the unbalance degree,
the number of groups and the number of available threadst, Fiotice that the number of groups determines the number
of remaining threads to distribute. It is possible that achugbalance degree, combined with the definition of a paaticu
number of groups (not leaving over enough threads to baldreapplication), forbids to establish an appropriateatire
distribution. In that sense, the native zone clusteringitigm reduces the work unbalance, increasing the possésiefits
from the thread distribution.

Table 3 shows the differences between the obtained threabdiions for theautomaticand manualversions. Those

differences explain the different behavior of both versionterms of speed-up.

Version Groups 4 Groups 8 Groups 16
automatic 8888 74444333 7442222111111111
manual 8888 64434344 5442222212111111

Table 3. BT-MZ class A thread distributions with zone cluste ring (NANOS environment)

Finally, the comparison between thatomaticandpreassignedersions shows that the possible overheads coming from
the examining phase, where the application evolves to tlaétfinead distribution, can be afforded by the applicatiBath

versions perform similarly.

4.4.2 SP-MZclass A

Figure 7 shows the performance numbers for all the evaluagesions. Thenanualversion obtains 9.51, 16.34 and 24.28

points of speed-up with 4, 8 and 16 groups, executing 32 gems. Notice the differences in performance, depending on



the number of groups. We suspect that this is due to locdligcts. A lesser number of groups than the number of zones
causes that more than one zone is assigned to the same grthwgads. The worst case appears with 4 groups where
4 zones are assigned to each group. In the case of 16 grogpsomies are distributed one zone per group of threads,
so threads only work with one zone. The same phenomena isveldsi the evaluation of thautomaticversion. This
versions performs the same as thanualversion. With 4, 8 and 16 groups, the obtained speed-ups.4fle 96.42 and
24.29 respectively. The thread distribution has been ageeind any number of groups, thetomaticversion always
determines a uniform thread distribution along its exexutiln the case of 4 groups, 8 threads are assigned per group.
With 8 and 16 groups, 4 and 2 threads are assigned to each, gespectively. The main conclusion is that the proposed
mechanisms are able to correctly adapt to a well balancel distribution, without introducing unreasonable overdigea
Finally, the differences in performance related to the nemdd groups need for further research. As it was pointedmut i
previous section 3, determining the appropriate numberaigs is out of the scope of this research work. Only the threa

distribution possibilities have been explored.
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Figure 7. SP-MZ class A speedups using 32 CPUs (NANOS environ  ment)

4.5 Evaluation in the IBM XL environment

45.1 BT-MZclass A

In figure 8(a), we can see results for the evaluation of BT-Mthwan STATIC zone distribution. Bothutomaticandmanual
versions outperform theniformversion, which is heavily unbalanced. The gains obtaindt thie manualversion range
from 59%, with 4 groups, to a 119%, with 16 groups. With utomaticversion the gains go from 48% with 4 groups to
a 134%, with 16 groups. This means, both algorithm are coimgpibialanced thread distributions. For 8 and 16 groups, the
automaticversion slightly outperforms themanualversion. But, when executed with 4 groups ghgomaticversion obtains

a better speedup.But, if we look at theeassignedrersion, which uses the distribution computed bydliéomaticversion,

we can see that obtains the same performance and@healversion. Table 4 shows the distributions used by both vessio
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Figure 8. BT-MZ class A speedups using 32 CPUs (XL environmen )

This means that, there are some overheads in the libratygttiace the gain from a good thread distribution.

Also note that for all the different versions, as the numiigrroups increases it decreases the speedup obtained siexrea

Version Groups 4 Groups 8 Groups 16
automatic 351014 121426313 1111112212241246
manual 36914 131436410 1111112212242245

Table 4. BT-MZ class A thread distributions for STATIC zone d istribution (XL environment)

Figure 6(b) shows the results obtained for the versionggus$ia zone clustering algorithm embedded in the application
When using 4 groups, the zone clustering algorithm, prosladealanced distribution of zones. That is why all the défifeer
versions have the same speedup. In table 5 can also be seeth disdmanualandautomaticdistribute the threads evenly
between the groups. Using 8 and 16 groupsntiamualversion outperforms theniformdistribution of threads, obtaining a
32% and a 121% of improvement with 8 and 16 groups respegtiféle automaticversion outperforms, both theniform
and themanualversions. Compared to theniformversion, it obtains a 57% increase with 8groups, and a 130¢tcofase
with 16 groups. Compared to tmeanualversion, the increase in performance is a 19% with 8 groupbaad% of increase

with 16 groups. This increase is due to a better thread bligtan as can be seen in table 5.

Version Groups 4 Groups 8 Groups 16
automatic 8888 74534333 7442222111111111
manual 8888 64434344 5442222212111111

Table 5. BT-MZ class A thread distributions with zone cluste ring (XL environment)

Is interesting to note, that, in general, versions usingT3TAzone distribution obtain a lower speedup than those that
use the zone clustering algorithm. The reason for this isaftar clustering is applied a less unbalanced distrilugxists,

which can be better balanced. Being more balanced a bededsp is obtained.



Also, in all the cases, as more groups are used less perfomimobtained. The main reason, for this is, that when you
have more groups there are there are fewer threads to be rheweden groups, as each groups needs to have at least one

thread. This makes it difficult to geterfectbalance as it would imply distributing fractions of threadsich is not possible.
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Figure 9. SP-MZ class A speedups using 32 CPUs (XL environmen  t)

Figure 9 shows the performance numbers for all the evaluaesions. In both approachesanualandautomatic the
obtained speedups are similar to the balanced version. rié#s that the overheads of the mechanism don’t have a big
impact in the performance. Treutomaticversion determines, in all the cases, an uniform distributif threads. Results

also show that differences in performance due to the nunfigroops used are quite small (below 7%).
5 Related work

Nested parallelism is an active area of research in the Opecdvhmunity. In several experiments|[1, 2, 3, 4, 5, 6] mixing
more than one programming model are presented as a pdgdidiliexploiting nested parallelism. Typically, applicats
executing under such parallel strategy define a first levpboéllelism using a distributed memory paradigm plus asgco
level of parallelism implemented with shared memory, usyalogrammed with OpenMP. The obtained results show that
nested parallelism gives an opportunity to increase perdoice in front conventional single level strategies. Tlasoa why
hybrid programming models are sed is that nested paratiéfisiot available in many of the vendor platforms.

Other proposals have been made, in a pure OpenMP progranmoidgl style. In several experiments [7, 8] with nested
parallelism are presented, and the main problems to gednpeaihce are pointed out. The introduced solutions are based
the definition ofthread groupsalthough there is not yet a general solution in the form ofappsal to extend the OpenMP
programming model.

Different authors [10, 11, 12] have pointed out the necgssita thread distributionfor a performance wise nested

parallelism exploitation. As a natural evolution of theadepreviously presented [7, 8], the thread grouping meshais



studied and organized as a proposal to extend the OpenMBdgagDifferent constructs are defined to allow programmers
specify the most appropriate thread distribution betwéenle¢vels of parallelism. An optimal algorithm is presented
compute the thread distribution. All these works rely on s@tfiort coming from the programmer, as they require infaioma
supplied by programmers in order to compute the threadilligion. Typically, the supplied informations is based aot
parameters: the number of parallel branches in the outeded and the computational weight associated to eachchran
Programmers can obtain the computational weight througtesentative parameters of the computation, such as therdamo
of memory being used in each branch or other specific chaistiteof the application (number of "elements” treated by a
computational branch, number of iterations...).

Thread distribution has been showed to be necessary aiwdciitr achieving performance when exploiting nested para
lelism. After several contributions, an open question ri@ed would it be possible to avoid the programmer interiggmin
order to obtain the most suitable thread distribution ? Is plaper we propose a mechanism to do so, based on the previous
works of Duran et al. [13, 14]. Those works introduce thelfigcof sampling the execution time for each branch in the
outermost level of parallelism. This measurement can be asean approximation of the computational weight in the alver

nest of parallelism. It is possible to obtain a suitabledldrdistribution based on the sampling.

6 Conclusions and Future work

This paper has explored the viability, in the context of Q@ennested parallelism, of having a runtime mechanism
to distribute threads in the inner level of parallelism begw different groups in the outer level. Our proposal works b
gathering information, at runtime, about the time spent dghegroup doing useful work. Based on those measures, an
algorithm calculates a new thread distribution that is g fterwards. We have implemented the algorithm in twiedsint
environments which shows that the proposal is not deperadanspecific runtime implementation.

Results has shown our approach is able to get better penfimerthan algorithms handcrafted by the application program
mer. When applications work well with uniform distribut®the mechanism has a low overhead which makes it well suited
as a default option for nested parallelism.

Results has also shown that the different environments tidfezent behavior with the same application and input. As
the runtime technique reacts to the architectural diffeesn because they also imply in the sampled times diffegrace
runtime library that uses the techniques described in tipempbecomes more portable, from a performance point of view,
across different platforms.

Future work will deal with the problem of automatically deicig how many groups should be used at the outer level. As
the evaluation has shown, the number of groups used can litccalgrarameter in the performance of an application. This

will lead to an optimal exploitation of nested parallelisrith@ut programmer intervention.
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