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Fobb téemak -

e Miert hasznaljunk szuperszamitogeéepet?!
e Alapfogalmak

e Miért van szukség profiler programra?!
e Scalasca profiler
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Miert hasznaljunk szuperszamitogepet?
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o KaoOltseg csokkentes

o Gyorseredmények

3. oldal Scalasca profiler AR



Miert fontos, hogy gyorsak Iegyu-

e Elsdk szeretnénk lenni
 Uj gyogyszerek felfedezése (életek mulhatnak rajta)
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Soros (serial) feldolgozas -

instructions
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Parhuzamos (parallel) feldolgozés-

problem instructions
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6. oldal Scalasca profiler C‘,’?




Alapfogalmak (5/1)

Parnuzamositasi ,,koltseg” (Parallel Overhead)

Feladat elinditasa

Szinkronizacio

Kommunikacio

Szoftver ,koltség” (parhuzamositasi nyelv, matematikai konyvtar, stb.)
Feladat befejezése

woid main (int arge, char *argv]])

int myrank, size; : memenil

MPI_inil{ £argc, fargv];
MPI_Comm_rank{MPI_COMM WORLD, & myrank]); Aunkn

printf{"Processor %d of %d: Hello Wordin®, myank, size) f/
MPI_Finalize(}
3

i
CHETE— Example of Parallel Communications Overhead
and Complexity: actual caligraph from the simple
" parallel "hello word" program shown. Most of the
%- routines are from communications libraries.
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Alapfogalmak (5/2)

Komplexitas

\\easuremen,

8. oldal

Scalasca profiler



Alapfogalmak (5/3) -

Skalazodas
Tobb eroforras, nagyobb sebesség

ElsGsorban ezek befolyasoljak :

e Haldzat (savszelesség, késleltetes)

e Algoritmus

e Memodria (savszelesség, 6sszesen mennyi memaoria / node)
e CPU orajel

e Matematikai konyvtar

e Fordito
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Alapfogalmak (5/4) -

Gyorsulas (speedup)

e Maximalis gyorsulas (Amdahl torvény)

1 1
S(N) = S(8) = = 1
(1-P)+P/N (1-0)+0/8
1 1
S(8) = =8 S(8) = = 4,706
(1-1)+1/8 (1-0,9)+0,9/8

P: parhuzamosithato kod (0-1), valés szam
S: nem parhuzamosithat6é kod (0-1), valdés szam
N: processzor magok szama (1-), egész szam
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Alapfogalmak (5/5) -

Portolhatdsag

e Parhuzamos API-k (szabvanyok): MPI, POSIX threads,
OpenMP, stb.

e Architektura

e QOperacios rendszer
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Parhuzamositasi megoldasok -

K6zo6s memaorias (Shared memory)

= POSIX threads
o https://computing.linl.gov/tutorials/pthreads

= OpenMP
o https://computing.linl.gov/tutorials/openMP

Bus Interconnect

Shared Memory (NUMA)

Shared Memory (UMA)
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https://computing.llnl.gov/tutorials/pthreads
https://computing.llnl.gov/tutorials/openMP

Parhuzamositasi megoldasok -

Elosztott memorias (Distributed memory)

MPI 1994

MPI-2 1996

MPI-3 2012
https://computing.linl.gov/tutorials/mpi
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https://computing.llnl.gov/tutorials/mpi
https://computing.llnl.gov/tutorials/mpi

Parhuzamositasi megoldasok -

Hybrid model
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Parhuzamositas -

Automatikus

e A fordito analizalja a forraskodot
= Nem biztos hogy jo lesz
= ElsGsorban ciklusok
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Parhuzamositas

Manualis

e Meg kell érteni azt a problémat amit meg szeretnénk oldani

e Meg kell talalni a fontosabb részeket
= Mi lassu?!

= Miért lassu?! 9647.318 (] LEQ_IKSWEEPT

4357.213 LEQ_BICGSOT
, 2559% ¥
= |/O probléma?!

LEQ_MATVECT
1777.752 [ SOLVE_SPECIES_EQ
1417.986 L] SOLVE_LIN_EQ

1028.448 [l PHYSICAL_PROP
. , 783.402 |_| RRATES
e Profiler programok segitenek 662376 [ LEQ_MSOLVET
; L 530.858 [i] INIT_AB_M
= Kepesek vagyunk szurni

463.788 [] CALC_MASS_FLUX_SPHR
446.025 [ INIT_MU_S

421.747 |§ CALC_RESID_S

381.363 || SOLVE_ENERGY_EQ
371.199 [] SOURCE_PHI

258.829 [| DRAG_GS

- i
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Scalasca profiler -

e 1998 KOJAK projekt

e Julich Supercomputing Centre

e German Research School for Simulation Sciences
e [utasi adatok meérése, analizalasa

e TObb parhuzamositas megoldast tamogat
» OpenMP, MPI, Hibrid
= C, C++, Fortran
e Nyilt forraskodu, uj BSD licensz
e Nagy rendszerekhez terveztek (tobb mint 1000 CPU core)
e Integralt méres, instrumentation, analizalas, trace

4)j0LicH  gcalasca™® G

FORSCHUNGSZENTRUM
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Scalasca munkafolyamat

Measurement [, Optimized measurement configuration summary -
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Scalasca hasznalata (9/1) -

Gyakorlati pelda (Szegedi szuperszamitogéepen)

SZEGED[loginnode] — (0)$ module load scalasca

/opt/nce/packages/global/scalasca/tutorial/NPB-MZ.tar.gz

http://www.training.prace-ri.eu/uploads/tx pracetmo/BT-
Tutorial-Scalasca.pdf
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Scalasca hasznalata (9/2)

SZEGED[loginnode] NPB3.3-MZ-MPI (1)$ diff -u config/make.def.orig
config/make.def

--- config/make.def.orig 2014-04-24 13:36:35.000000000 +0200
+++ config/make.def 2014-04-24 13:37:04.000000000 +0200

@@ -29,7 +29,7 @@

-F77 = mpif77

+F77 = scalasca -instrument mpif77

#F77 = mpiifort

# This links fortran programs; usually the same as ${F77}
FLINK = $(F77)

SZEGED[loginnode] NPB3.3-MZ-MPI (1)$
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Scalasca hasznalata (9/3)

SZEGED[loginnode] NPB3.3-MZ-MPI (0)$ mkdir bin
SZEGED[loginnode] NPB3.3-MZ-MPI (0)$ make bt-mz CLASS=B NPROCS=4

= NAS PARALLEL BENCHMARKS 3.3 =
= MPI+OpenMP Multi-Zone Versions =
= F77 =

cd BT-MZ; make CLASS=B NPROCS=4 VERSION=

make[1]: Entering directory ~/fsO1/home/roczei/scalasca/NPB3.3-MZ-MPI/BT-MZ'
make[2]: Entering directory ~/fsO1/home/roczei/scalasca/NPB3.3-MZ-MPI1/sys'

cc -0 setparams setparams.c -Im

make[2]: Leaving directory ~/fsO1l/home/roczei/scalasca/NPB3.3-MZ-MPI1/sys'
../sys/setparams bt-mz 4 B

make[2]: Entering directory ~/fsO1/home/roczei/scalasca/NPB3.3-MZ-MPI1/BT-MZ'
scalasca -instrument mpif77 -c -O3 -fPIC -fopenmp bt.f

scalasca -instrument mpif77 -¢c -O3 -fPIC -fopenmp verify.f

scalasca -instrument mpif77 -c -O3 -fPIC -fopenmp mpi_setup.f

cd ../common; scalasca -instrument mpif77 -c -0O3 -fPIC -fopenmp print_results.f

cd ../common; scalasca -instrument mpif77 -c -0O3 -fPIC -fopenmp timers.f

scalasca -instrument mpif77 -O3 -fopenmp -o ../bin/bt-mz.B.4 bt.o initialize.o exact_solution.o
exact_rhs.o set_constants.o adi.o rhs.o zone_setup.o x_solve.o y_solve.o exch_gbc.o solve_subs.o
z_solve.o add.o error.o verify.o mpi_setup.o ../common/print_results.o ../common/timers.o
INFO: Instrumented executable for OMP+MPI measurement

make[2]: Leaving directory ~/fsO1/home/roczei/scalasca/NPB3.3-MZ-MPI/BT-MZ'

make[1]: Leaving directory ~/fsO1/home/roczei/scalasca/NPB3.3-MZ-MPI/BT-MZ'
SZEGED[loginnode] NPB3.3-MZ-MPI (0)$
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Scalasca hasznalata (9/4)

SZEGED[loginnode] bin (0)$ cat job.sh
#1/bin/bash

#3$ -pe mpi 16

#3$ -q test.q

module load scalasca

OMP_NUM_THREADS=4 scalasca -analyze mpirun -np 4 ./bt-mz.B.4
SZEGED[loginnode] bin (0)$ gsub job.sh

Your job 722071 ("job.sh™) has been submitted

SZEGED[loginnode] bin (0)$
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Scalasca hasznalata (9/5)

SZEGED[loginnode] bin (0)$ head -n 15 job.sh.0722071

S=C=A=N: Scalasca 1.4.3 runtime summarization

S=C=A=N: ./epik_bt-mz_4x4 sum experiment archive

S=C=A=N: Thu Apr 24 14:43:58 2014: Collect start
/opt/nce/packages/global/openmpi/1.6.3-gcc-4.7.2/bin/mpirun -np 4
/home/roczei/scalasca/NPB3.3-MZ-MPI1/bin/bt-mz.B.4

[0O0000.0]EPIK: Created new measurement archive ./epik bt-

mz_4x4 sum

[O0000.0]EPIK: Activated ./epik_bt-mz_4x4 sum [NO TRACE] (0.225s)
[OO0000.0]EPIK: MPI-2.1 initialized 4 ranks

NAS Parallel Benchmarks (NPB3.3-MZ-MPI) - BT-MZ MPI+OpenMP
Benchmark

Number of zones: 8 x 8
Iterations: 200 dt: 0.000300
Number of active processes: 4

SZEGED[loginnode] bin (0)$
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Scalasca hasznalata (9/6)

TurboVNC hasznalata: http://www.niif.hu/node/674

SZEGED[vserver] bin (0)$ Is -l

total 2368

-rwxrwxr-x 1 roczei roczei 2193097 Apr 24 14:30 bt-mz.B.4
drwxr-xr-x 2 roczei roczei 4096 Apr 24 14:46 epik_bt-mz_4x4 sum
-rw-rw-r-- 1 roczei roczei 161 Apr 24 14:36 job.sh

-rw-r--r-- 1 roczei roczei 3645 Apr 24 14:46 job.sh.0722071
SZEGED][vserver] bin (0)$ module load scalasca

SZEGED[vserver] bin (0)$ scalasca -examine epik_bt-mz_4x4 sum
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Scalasca hasznalata (9/7)

Cormpuler

[ ] roczei@vserver:~/scalasca/NPB3. 3-MZ-MPI1/bin

Eile Edit Mow Tormminal Taps Help
SZEGED[vserver] bin (B)5

SZEGED[wserver] bin (B)5% scalasca -cxomine cplk_bDt-mz_d4x4 sums
INFO: Displayimg ./ epik bt-mz d4xd sum/summary.cube._gz...

Ele  Display  Jdopology  Help

Cube 3.4 QT: eplk_bt-mz_4xd_sum/summary.cube. gz

Absolute + lAnsuluI:e

Melric trea Call ree | Flat wiew

I 15329 visils B i 0.0% MAN_

@ 8 synchronizations 7 [ 10 49 mpi_senup_

M 4272 Communications — [ 0.01 MP_Bcast

[1 0 Bytes ransferred = (M 001 onv_sowp_

& [@ 1.05e9 Point-to-point 000 zone_setun

=[] 0 Collective = [ 0.00 map_zonas_
|:iEI3E| Dutgaing — @ 0.00 zone_starts_

B 608 Incoming — [ 0.00 set constants

= 100,25 Comoutational imbalance =8 11.93 inivalize_

[ 3 38 ewact rhs_

— [ 0.00 bmer_clear_

= [ 41977 exch_gbe_

g 19565 54 adi

— B 231 MP_Barrier

— [ 000 dmer_start_

— [ 0.00 amer stop

=] —[® 000 fAmer rpad

E E 2415 71 Time Er @ 0.05 main

-

Syslem tee  Box Flot Pmc4i}

= [ - Linux Cluster
- tndd
Hool rrocess 0

B
ih
i 0.0l Process L
&)

O oo1Process 2
- frocess 3

=& 0.00 Thread 0
— @ ooo Thread 1
—[@E 000 Thread 2
— | 0.00 Thread 3

| &1l (15 elernents)

0.00 241571 (100.00%) 241571 0.05 (0.00%)

2415.71

0.00

selected "Process 3°
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Scalasca hasznalata (9/8)

Cormpuler

= ] reczeifvsarver.~/scalasca/NPB3.3-MZ-MPI1/bin

Bl Edit Mew Tomminal Tabs Help
SZEGED[wvserver] bin (B)5

SZEGED[wserver] bin (8)% Scalasca -cxomine eplk_bt-mz_4x4 sumS
INFO: Displayimg ./Jepik bt-mz 4xd sum/summary.cube.gz...

Cube 3.4 QT: eplk_bt-mz_4x4_sum/summary.cube.gz
Bl [splay  Iopology  Help

Absolute [Ansmu:e

Mestric lrea

B O 0.00 Time

Call ree | Flat view
EF ] 0.00 main

=- | 1515.25 Execulion
i1 ®J 0 oo M
M 058 Synchromzaticn
[1 0.00 Communicadon
G221 fo =

— [ 005 Colle  Info

— = 090 overhead
[0 3149 23 1dle thread
-l 16329 Vists

¢ @ & synchronizations

i Bl 4872 Communication
o Bl 1.05e9 Sytes transler
i+ Bl 100 85 Computationa

Bnd iterms
Find Mexl

Clear Mound flems

Copy Lo Clipboard

BF L] 0.00 MAN_
@ O oon mpi_sep_
— [ 0.00 MM_Bcast
=1 0.00 env_setp_
=[O o0 zone_setun_
[ 2.00 map_zonas_

[ 172 InitvExit e i L] 0.00 zone_starts_
d 47566 OMP [0 0.00 set constants

Expandicoliapse + LI 0.00 nitialize_

O o oo exact_rhs_
[ 2.00 amer_clear_
102 21 exch_gho_
O o0 ad
L1 2.00 MP_Earrer
[0 000 fimer_start_
[ 2.00 amer stop
=[1annfimer reard

oo

Syslem bee  Box Flot F'rocqb'

= [ - Linux Cluster
- wndd
O ooo Pracess 0

B
ih
$ [ 0.00 Process L
&)

[ 000 Process 2
O - Process 3

=[] 0.00 Thraad 0
— [ o000 Thread 1
—[J0.00 Thread 2
— L] 000 Thread 3

| 211 (15 elements)

102.21 (4.23%) 2415.71

0.00 0.00 (0.00%)

0.00

Shows the onling description of the clicked tem
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Scalasca hasznalata (9/9)

Ferformance praperties

= Late Senoer Time
roczei@vserve Children:

Fle Edit Wew Teminal Tabs Help Late Sender, Wrong Crder Time [ DITerent Sources. Late Sender, Wrang Srder
SZEGED[vserver] bin (B35 line ] Same source

SZEGED[vVSserver] pin (8)5% SCalasca -oxamine
INFO: Displayimg ./epik bt-mz d4xd sum/summa

Late Sender, Wrong Order Time / Different Sources

-2 Description:
e This spacialization of the L ate Sender, Wrang Ovder pattern refers to wrong order

Blz Display situabions due bo messages received from different source locabions.

Absolute

Melric tres

Bt 00 0.00 Time
=[d1515.2 |

it ol oot heess 0
[l [ _H-_H__H_¥ peess 2
El | " ks 3
-1 —l Raml‘ I_l_-__map- Thraad 0
[~ || Thread 1
das fe—o1] Thraad 2
—~mogoo Thraad 3
- [d 319 31
- E 15320 W
i @ = synchro
i @ 4872 Con | Unite
o [l 10520 By Seconds
HE 10085 00 | Diagnosis:
Check the proporbion of Point-to-point Beceive Communications that are Late
Sender, Wrono Qrder Instances (Communications]. Swao the order or receiving

Por | Prac 4%;

r

processes

| [l
102 Dmry
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KOoszonom a figyelmet!

Sehgiples =

Rocze1 Gabor
roczei@niif.hu
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