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« Sponsered by the German Research Council (DFG), Birgit Reinartz and Michael
Hesse in the Lehr- und Forschungsgebiet fir Mechanik, RWTH Aachen
University simulated PHOENIX, a small scale prototype of the Space Hopper, of
a space launch vehicle designed to take off horizontally and glide back to earth
after placing its cargo in orbit.

« Solution of the Navier-Stokes-Equations with the FLOWer flow solver,
developped at the German Airospace Center (DLR)

« Parallelized with the CLIC-3D communication library which handles all MPI
communication.

* Block-oriented information exchange => the number of blocks is limits the number
of MPI tasks.

 Underneath to the coarse-grained parallelization with CLIC-3D/MPI, on a lower
level, most of the compute intense loops can be parallelized automatically by
the Fortran compiler => Hybrid Parallelization
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P[P First Performance Experiments:
cle[s, 10x2 Processors
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P[P First Performance Experiments:
cle[s, 10x2 Processors

nediuml0x?, bvt (19,3

2.0 = 22, 0 s 23 0 g -24 0.3 25.0 = 26,0 =

|IIIIIII|III II|||II|I|||II|I||||III| ||I!|||I II 1 III|I iy ||II|||II|I 1 Srpico
T ——— e e e =t
e ffn?\‘ﬂl?’:‘\‘“‘ .,..fat III"‘I&\MM 1 ’Il‘ m m
e i [r-?\vm\h\‘\\‘? g’il m\\‘ﬂ\!| ! *\}\Nh.:fﬁk-ll || m '
" 'MV N\\ /‘ lMl, \\7‘;1'51 w\w'ﬂ l%‘“ ‘
______ i = /ﬂN\ \f/ﬂlp ..f*hh ﬁm 1
o mi
process5has O O O
too much to do

Process 2 Process 3 Process 4
£.4 = E.4 =

Prucess ]




P[P Hybrid Parallelization on a Shared
clejs. Memory System

rocess O: 2 Threads ™\
Process 5: 5 Threads
Processes 1-4,6-9: 1 Thread
each

run10x1+5.ksh:
#1/bin/ksh
export OMP_NUM_THREADS=1;
1T [[ ${MP_RANK} = 0 1]}
then

Total: 15 Processors used only

!

export OMP_NUM_THREADS

=5 1]
export OMP_NUM

fi;
1T [[ ${MP_RANK
then

fi;
flower.exe

Depends on MPI implementati(D
mprun -np 10 runlOx1+5.ksh
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First Performance Experiments:
10x1+5 Processors
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P[P First Performance Experiments:
cle[s, 10x1+5 Processors

mediumllxl+6, but (23,294 = -

P

Process 0 Mpplication

IIH-\‘IIllhh‘l_"-l“ll-l-m‘-ll-m‘-ll-

Y R 1 v A e
R IR a— | 5 0 )
B AV iy S — i - umnm | Al
. ﬁ*ui‘\-z ‘lmlul: VATAN Y \mu" Hﬂl\\"fm o

MERENY 7 NSNS PN | VA AN 'I \III | l\‘lllﬂlt \‘I'fﬂ'l‘

mediunl (L +6, bt II'-._T-'E.F_-'EM :5:—-._l:-,-_-.-._| s)

Applicatiot
. . . . . )
Frocess 0 Frocess 1 Process & Process 3 Process 4
3.6 = 3.6 = 3.6 = 3.6 = 3.6 =

Process b Process B Process ¥ Process 8 Process 9
3.6 = 3.6 = 3.6 = 3.6 = 3.6 =



PP
cle|s

First Performance Experiments:
10x1+5 Processors

mediumllxl+6, but (23,294 = -

5.5 =

Process O zer_lode

Process 1 zer_lode
|
: zer_Lode
Process 3 zer_Lode
|

Process 4 zer_lode

Process 2

Process E M =er_Code

Prucess ]
3.6 =

25,0 5 _zsss_ -
| ||| Ml \|| |||||||||| o1

.01 MPI, Rec

24.0 = 24.5 =

...... de : 212 HPI_Rec

26, U g EE,? g
|IIIII| |||'¢'1 ||I|

Lﬂzﬂzlm

P

w Application

e Endé

=

l 212 '

m \lk N - ‘}. nm l\
p 217 PI_Re HPT _Rec g*:ﬁ 212 APT_F
4’“ W AN N i‘M'l ,‘-"",-a“: uH k
/u;wm-\_l\ Al ol mﬁ i

42 ‘PLP j“'lﬂ *P1_Rec .f_ P1 _Rest

| W -
'W'\H }“‘lhl‘lm .Illl\\“[ U{llfu
’H \‘ -.._:t\‘|' IVIII- r\‘%nlh I\\\

e ﬂul'lertz

' |||
m'rﬂ'
] ] ] e

Process & Process 3 Process 4
3.6 = 3.6 = 3.6 =

294 6.

much better load
balance

4.0 =




First Performance Experiments:
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P[P FLOWer on a Sun Fire 15K
cEE 23 MPI-Tasks x 2 OpenMP Threads

|
Automatic variation of the number of
1 % threads of each MPI process with in an
Shared-Memory machine using the
DTB dynamic thread balancing librar
developed by Dieter an Mey and
Alexander Spiegel.
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Tracing libraries typically use the MPI profiling interface.

It offers an easy-to-use collection of runtime information for MPI
application after re-linking.

The amount of trace information can be quite large,
Tools for efficiently controlling and filtering trace data are essential.

Trace data can be with the comfortable GUI s

The performance of the Flower CFD package on a large shared
memory system could be easily improved without any code
changes:

By adjusting the number of threads per MPI task manually, a
much better load balance could be achieved.

The DTB dynamic thread balancing library was developped to do this
automatically
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