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Introduction

Introduction

Q:Whenisnestedparallelismdesirable?

A:Forcomputationalproblemshaving

-anouterlevelofcoarse-grainedparallelism,wherethe
numberoftasksisrelativelysmall,and

-whereeachtaskitselfhasaninnerleveloffine-grained
parallelism.
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Experiments-presentation

Wewilltesttheeffectofnestedparallelismontworeallife
problems:

�Awaveletbaseddatacompressionroutine
-havingastaticnumberoftasks

�Anadaptivemeshrefinement(AMR)application
-havingadynamicallychangingnumberoftasks
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Experiments-presentation:Wavelettestcase

Awaveletbaseddatacompressionroutine

Dataistransformedintowavelet-spaceusinga2d-wavelet
transform,whereonlynon-zerowaveletcoefficientsarestored.

A2d-wavelettransformisdonebyapplyingmultiple,independent
1d-wavelettransformstoeachrowintheblockmatrix,andnext
tothecolumns.

Thewaveletroutineonlyworksforarrays���where�and�

areintegerspowerof2.Thus,thearrayischoppedupin
power-of-2blocks.Foreachoftheseblocksa2d-wavelet
transformiscarriedout.
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Experiments-presentation:Wavelettestcase
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Figure1.Wavelettestcase:a2darrayofsize���������.
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Introduction

Anadaptivemeshrefinement(AMR)application

Findingthenumericalsolutiontoreallifeproblemsmodeledby
PDEs,theneedfordensegridpointsmaydifferfromregionto
regionandsometimesalsointime.

Usingtheresolutionneededtoadequatelyresolvethesefeatures
onauniformgridwillinmostcasesbetooexpensive.The
answeristorefinethegridonlywherenecessary.

Ifitisnotknowninadvancewherehighresolutionisneeded,
adaptivityiscalledfor.AMRwilldynamicallycreateandremove
patchesofrefinedmeshastheneedforfineresolutionchanges.
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Experiments-presentation:AMRtestcase
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Figure2.AMRtestcase:adambreakproblem,usinga2-levelgrid
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Experiments-presentation:AMRtestcase

Asamotivatingexample,letuscompare

-a1-levelfine-grainedparallelization

-a1-levelcoarse-grainedparallelization

-a2-levelnestedparallelization

W = 20 + 9 + 10 = 39
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Experiments-presentation:AMRtestcase

1−level coarse−grained:

2−level nesting:

1−level fine−grained:

W = 20,  S = 39/20 = 2.0

W = 10,  S = 39/10 = 3.9

W = 13,  S = 39/13 = 3.0

Figure3.AMRtestcase:Illustrationofparallelapproaches
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Loadbalance

Loadbalance

Adistributionalgorithmwillbepresentedthatallocates

�threadsto�tasks.

Twoextremecases:

1.Alltasksneedatleastonethread(���)

2.Allthreadsdoatleastonetask(���)
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Loadbalance:Case1

Algorithm1:Distributionofthreadstotasks

/*Thisalgorithmfindsadistributionoftheworkof�tasksto

�threads,for���.Theweightoftask�isdenotedby��,
whilethenumberofthreadsdistributedtotask�isgivenby��.*/

[����]=Distribute1(��������)

��� �	�;
for
=���,�

Find�suchthat
�
��	���������������


�
����;

��	����;
endfor
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Loadbalance:Case2

Algorithm2:Distributionoftaskstothreads
(Sortedbestfitforbin-packinginfixednumberofbins)

/*Thisalgorithmfindsadistributionoftheworkof�threadsto�tasks.
Thetotalamountofworkallocatedtothread�isgivenby��.
[� ���]=Distribute2(������� �)

Sortthetaskssuchthat��������
and��
������;

� �� �	����;
for
=���,�;

Find�suchthat� �	������������ ���� �;

� �	� ����;
endfor
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Loadbalance:Case1+2

Algorithm3:Combinedalgorithm

/*Thisalgorithmfindsadistributionoftheworkof�tasksto�threads.
Thetasksaredividedin2sets,�(”large”tasks)and�(”small”tasks),
whereoneormorethreadsareworkingonthesametaskin�,
andwhereeachthreadhasoneormoretaskstoworkonin�.

[������� ���� ����]=DistributeAll(������� �)
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC

1684
842

41 2

p

pp

4
44

p

2

2
1

p

p

p

p

p

p

p

p

p
L

W = 49   

pp p p pp p p

P = 9w = W/P = 5.4

S

W_S = 4+4+4+2+2+1 = 17
P_S = int( W_S / w) = int(3.12) = 3
P_L = P − P_S = 6

8

168

c�RagnhildBlikberg,September4,2003ParCo2003



Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Case2

AlternativetoAlgorithm2:

Algorithm2b:Distributionoftaskstothreads
(Sortedbestfitforbin-packinginfixedsizedbins)

/*Thisalgorithmfindsadistributionof�tasksto�threads.
Themaximumamountofworktobeallocatedtoanythreadis

�
�.

Thetotalamountofworkallocatedtothread�isgivenby��.
[��� ���]=Distribute2b(��

�
������)
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC

16

8

8

4

2

44

21

1684
842

41 2

p

L
S

W = 49   

pp p p pp p p

P = 9w = W/P = 5.4

c�RagnhildBlikberg,September4,2003ParCo2003



Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC

16

8

8

1684
842

41 2

p

4

p

4

p

4

4

p

4

4

p

2

2

2

2

1

1

L
S

W = 49   

pp p p pp p p

P = 9w = W/P = 5.4

c�RagnhildBlikberg,September4,2003ParCo2003



Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Loadbalance:Combinedalg.appliedtoWaveletTC
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Implementation:Combinedalg.

1$OMP PARALLEL DO

1$OMP PARALLEL DO

!$OMP SECTION !$OMP SECTION
!$OMP PARALLEL SECTIONS

1$OMP PARALLEL DO

S L

!$OMP END PARALLEL SECTIONS
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Implementation:Case1

Implementation:Case1
AccordingtotheOpenMPstandard,nestedparallelizationina
doubleFortranloopcanbeachievedbythefollowingdirectives:

!$OMPPARALLELDOPRIVATE(i)NUMTHREADS(N)

doi=1,N

!$OMPPARALLELDOPRIVATE(j),SHARED(i)NUMTHREADS(p(i))

doj=1,w(i)

<WORK(i,j)>

enddo

enddo
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Implementation:Case1

Unfortunately,OpenMP-compliantimplementationsareallowed
toserializenestedparallelregions,evenwhennestedparallelism
isenabled.

Stillmostvendorshavechosentoserializeparallelregions.

Fortunately,OpenMPallowsamorelowlevelworkdistribution,
wheretheprogrammerexplicitlyassignworktothreads.This
techniquecanbeusedtoobtainnestedparallelism.
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Implementation:Case1

Nestedparallelismachievedbyexplicitassignmentofworkto
threads:

callalgorithm1

!$OMPPARALLELPRIVATE(thread,i,j)

thread=OMPGETTHREADNUM()

i=mytask(thread)

doj=jbegin(thread),jend(thread)

<WORK(i,j)>

enddo

!$OMPENDPARALLEL
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Implementation:Case1

− by 2 directives− by 1 directive and 
explicit thread programming

Figure4.Case1:Illustrationof2-levelparallelism.
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Experiments-results

Experiments-results

�Awaveletbaseddatacompressionroutine
-havingastaticnumberoftasks

�Anadaptivemeshrefinement(AMR)application
-havingadynamicallychangingnumberoftasks
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Experiments-results:Wavelettestcase
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Figure5.Wavelettestcase:Theoreticalspeedup
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Experiments-results:Wavelettestcase
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Figure6.Wavelettestcase:Obtainedspeedup

c�RagnhildBlikberg,September4,2003ParCo2003



Experiments-results:AnAMRapplication
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NestedparallelisminOpenMP

ImplementationinOpenMP

Evenwhennestingisimplementedonasystem,
wemissthedirective

!$OMPTEAMPRIVATE

correspondingto!$OMPTHREADPRIVATE.
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NestedparallelisminOpenMP

Conclusions

�Analgorithmforallocationofthreadstotasks,whichcoverallpossible
mixesoftasks,andworksforanarbitrarynumberofthreads,ispresented.

�Parallelizationbyexplicitthreadprogrammingismoretimeconsuming
thandirectivebasedparallelization.Directivebasedparallelizationis
thereforepreferredwhennestingisavailableonthesystem.

�However,nestedparallelismobtainedbyexplicitthreadprogrammingis
showntobeagoodalternativewhendirectivebasednestingisnot
available.

�Nestedparallelismpaysoffwhentheproblemconsistsofmultiplelayersof
tasks,bothforastaticandadynamicnumberoftasks.
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