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Debugging
Limits of HPC software tools
Code writing, efiiciency, and translation

21.6%
 20.7%

12.9%
12.9%

Hardware

Personnel

MPlissues

Performance / performance metfrics
Interface issues

VO ssues

Libraries

Portability

Limits of simulations / parallelizing complex situations

Debugglng 21. 6% |
HPC Software tools 20.7%
Code erjtlng 18.1%5

Compiler issues

Message passing / threads

Peak vs. sustained performance in FPGA vs. CPU
Profiling

Other 6.9% !
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step = 1.0/(double) num_steps;
#pragma omp parallel private(x)
{

nthreads = omp_get_num_threads();
#pragma omp for reduction(+:sum)
for (i=0;i< num_steps; i++){
X = (i+0.5)*step;
sum = sum + 4.0/(1.0+x*x);
}
}
pi = step * sum;
printf("%5d Threads : The value of Pl is %10.7f¥n",nthreads,pi);
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— ISTOZMNS 1.3 - Tera Term VT . - - (= =) | 2% I-

> ere Term VT &l File  Edit Wetup Control  Window Help

EilemmEdit _§emp SontolmiWindawmtielp 125024 up 37 min, 2 users, load average: 7.38, 2.26, 0.92 -

address sizes 38 bits physical, 48 bits virtual : , 17 running, 222 sleeping, 0 stopped, 0 zombie

power management, : 3¥sy, 0.0%ni, 0.0%id, 0.0¥%wa, 0.0%hi, 0.0%si, 0.0%st
ey, 0.0%ni, 9.2%id, 0.0%wa, 0.0%hi, 0.0%=i. 0.0%st

ProCessor Sl 1.8%y, 0.0%ni, 8.0%id, 0.0%wa, 0.03hi, O0.0%si, O0.0%st

vendor_id : Genuinelntel 2.6%sy, 0.0%ni, 9.2%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st

fcpu fami ly : 5 % %sy, 8.8§ni, g géig, g.géwa, ggéﬂl, 8 8§Si’ 88%3‘5

mode sy, 0.0%ni, id, 0.0%wa, 0.0%hi, =i, 0.0%st

nodel name Intel(R) Keon(R) CPU EB472 @ 3.00G8z 2.6%=v, 0.0%ni, id, 0.0%wa, 0.0%hi, 0.0%si, O0.0%st

=t epping 1B 0.0%sy, 0.0%ni, %id, 0.0%wa, 0.0%hi, 0.0%=si, 0.0%st

cpu JiHz : 8000.110 0.0%sy, 0.0%ni, 0.0%id, 0.0%wa, O0.0%hi, 0.0%=i, 0.0%st

cache size . 6144 KB 0.0%sy, 0.0%ni, 0.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st

physical i : 1.3%sy, 0.0%ni, id, 0.0%wa, 0.0%hi, 0%=i, 0.0%st

siblines D4 0.0%sy, 0.0%ni, id, 0.0%wa, 0.0%hi, Of=i, 0.0%st

core id P2 1.3%sy, 0.0%ni, 0.0%id, 0.0%wa, 0.0%hi, O0.0%si, 0.0%st

cou cores 4 0.0%=y, 0.0%ni, 0.0%id, 0.0%wa, 0.0%hi, 0.0%si, 0.0%st

ifpu . tyes 0.0%sy, 0.0%ni, 0.0%id, 0. O%wa, 0.0%hi, 0.0%=i, 0.0%st

[fpu_exception @ yes , 0.0%sy, 0.0%ni, 0.0%id, 0.0%wa, 0.0%hi, Bsi, 0.0%st

Cpuld leve 210 : total, 27359056k used, 35750700k free, 12103%k buffers

: yes total, Ok used, 4192956k free, 14255632k cached

flags fpu vme de pse tsc msr pae mee cx8 apic sep mtrigp

pi mnx fxsr sse sseZ o= ht tm syscall nx Ilm constant_tsc pni ds_cpl N i E+  COMMAND

bogomips 019.62 inpack_xeon64

clflush size
cache_aliznment @ 64

address sizes © 38 bits physical, 48 bj irtual
power management :

|

] inpack_xeon6d

linpack_xeonf4

|l inpack_xeonf4

linpack_xeonf4 I
linpack_xeonf4 I
linpack_xeonb4

% inpack_xeon64
li
li
li
li
li
li

root
4603 root
4604 root
| 4606 root

Ibrocessor 2
endor_j : Genuinelntel
cpu fap 5

odel s 23

odel : Intel (R) Xeon(R) CPU E5472 @ 3.00GHz

stepping 6 4595 root

cpu Mz 30.1]130 | 4596 root

cache size 4597 root

physical id : 4599 root
l=iblings .

inpack_xeon64

inpack_xeonf4
inpack_xeon64
inpack_xeon64
inpack_xeon64
inpack_xeon64
inpack_xeon64

OO IO D O LD CD DO LD LD LD D
WLW W W W= TN
D 0D B 0D 0D 6D 0D 0D 6D 0D 0D 0D 0D 6D 0D D

| OOODODDOODOOODODDOODOODDODDOOD
4DC)DDC)DDDDDDDDDC}DDDDDDDDDC}DDDDz

Bt a Rt et attattadta ol ot ottattadtataltatted

OO O NI OGS GO O

OO OOWOOUOOOOOOOOOOOOOoO ool
'C)<:>CND<:>C)DDODDDDDDDDDODDDDDDDDDDD

) 4600 root 25 12z 640 R 23 linpack_xeon64
Core 1 3807 root 25 1200 888 S 0 aut omount
gpu COnes : 1 root 15 660 6523 0 init
oo : i} 28 ‘ 2 root RT 0 0 05 0 migration/0
pu_gxclzeptlon : 51’88 | 3 root 34 1 0 0 08 0 .00 ksoftirad/0
cpul Sy : 4 root RT 0 0 0 0 .00 watchdos/0
; S | 5 root T 0 0 08 0 migration/1
flags fpu vme de pse tsc msr pae mee cx8 apic sep mtrr pge B oot 2 1 0 0 08 0 00 keoftirad/1
pi mmx fxsr sse sseZ @z ht tm syscall nx Im constant_tsc pni ds_cpl vmx e BT 0 0 08 0 '00 watchdos/1
el e ¥ 8 root RT 0 0 08 0 .00 migration/2
c hus 1s1ze o Bl 9 root 31 0 0 0S5 0 softirg
CACae a1 SNneIL 10 root, T 0 0 0S5 0 .00 watchdog/2
ddress sizes ! 38 bits physical, 48 bits virtual 11 sess RT 0 0 0g 0 00 Gisration/s
ower management 12 root 41 0 0 03 0 .00 ksoftirgd/3
|13 root RT 0 0 08 0 I_l do
oot@ ocalhost “1# =
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® 1333MHz FSB(128cores/16 boards) 1600MHz FSB(128cores/16 boards) ®m6.4GT/s QPI(128cores/16 boards)

500000 -
All results are in MB/s --- 1 MB=10"6 B, *not* 2720 B
AGQunR - IR S o S T gy
SGI Altix 4700 1024 3661963.0 3677482.0 4385585.0 4350166.0
SGI_Altix 3700 Bx2 512 906388.0  870211.0 1055179.0 1119913.0
400000 -  SGI_Altix 3000 512  854062.0  854338.0 1008594.0 1007828.0
NEC_SX-7 32 876174.7 865144.1 869179.2  872259.1
IBM Power 595 64  679207.2  624707.8  777334.8  805804.6
NEC_SX-5-16A 16  607492.0 590390.0  607412.0  583069.0
350000 -  ScaleMP_XeonX5570_vSMP_16B 128  437571.0 431726.0 442722.0 445869.0
NEC_SX-4 32 434784.0  432886.0  437358.0  436954.0
- HP_AlphaServer GS1280-1300 64  407351.0  400142.0  437010.0  431450.0
3 Cray T932 321024-3E 32 310721.0 302182.0  359841.0  359270.0
o 300000 -|  scaleMp_xeonx5570_vsmp_8B 64 276040.0 267553.0 268462.0 268722.0
oM Fujitsu/Sun Enterprise M9000 128  224401.0  223113.0  224271.0  227059.0
S NEC_SX-6 8 202627.2 192306.2  190231.3  213024.3
~ IBM System p5 595 64 186137.0 179639.0 200410.0 206243.0
_E 250000 - HP Integrity_ SuperDome_dc 128 154504.0 152999.0 169468.0 170833.0
° IBM Power 575 32 142708.2  142612.4  159010.7  162844.0
= VXSMP 2800 (Xeon X5550) 32 136845.2 137574.5 137685.6 139606.5
T 200000 | Crav.c9o 16 105497.0 104656.0 101736.0  103812.0
S IBM System p5-575 8 77901.0 81228.0 96726.0  100523.0
o0 SGI_Origin3800-500 256  87019.5 85514.4  101695.6 99680.2
Azul Vega2 7280 768 83968.4 83223.6 1 2
150000 | =777 Cooooooooooooooosooooooooooo
http://www.cs.virginia.edu/stream/top20/Bandwidth.html
100000 -
50000 -
O | — - |

8 16 32 64 128
ALy F#(E7H)
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NAS Parallel Benchmark (Multi-Zone)

45000 - - mLU-MZ
40000 - = SP-MZ
35000 -
30000 -
25000 -
20000 -
15000 -
10000 -
5000 -

MFLOPS/S

SP-MZ
LU-MZ

2 4 8 16 32

OpenMPR Lw F#/N FRtvHa7
EBRBRLENRNYFVI—DVY—)LTTHB NAS Parallel Benchmark (NPB) ®—DT&»3NPB-MZ (NPB Multi-Zone) [&&L D
PEOAERZMIEDIRREET > TNET, NPB-MZTI(3. /\1 7w REDIHNEXDRZ + UIZOpenMPD T 2 +H'T]
BETYI ., CCTO#ERIFE. OpenMPIEIF TOMHINIBODOMEEETHE L CTULVET,

A5—5T IO AT LXK &1t



OpenI\/IP 7°I:I 7°7A

32N )L EETTH

$ cat -n pi.c

1 #include <omp.h> // OpenMPZEFTRFEIHIFUHL

2 #include <stdio.h> /! DIE=HDANIEIT7LIVDIETE

3 #include <time.h> =

4 static int num _steps = 1000000000; OpenMPPﬁ‘:T:-’rT

5 double step;

6 int main ()

7 { =

8 int i, nthreads; OpenMPE‘i‘Tlﬁﬁﬂﬁ l

9 double start time

10 double x, pi,

11 step = 1.0/ // OpenMP"j“/jllszlﬁi.L\:

12 #pragma omp parallel private (x) // WHIRITHEBDOEHRTE

13 { nthreads = omp/get num threads(); // EITHBERICXDZALYFED
&

14 #pragma omp for reduction(+:sum) // “for” TV—IOLxT7HEX

15 for (i=0;i< num steps; i++){ // private&reduction}iiR
4

16 x = (i+0.5) *step; // DI&E

17 sum = sum + 4.0/ (1.0+x*x);

18 }

19 }

20 pi = step * sum;

21 printf ("$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);

22 }

$ icc -O -openmp pi.c

pi.c(14) : (col. 3) .remarla-:——eperﬂ!'rrwn.rJ.NLD LOOP WAS PARALLELI :IJJ’\’(}L&)!‘?'E_? '

pi.c(12) : (col. 2) remark: OpenMP DEFINED REGION WAS PARALLEL
$ setenv OMP NUM THREADS 2

o )
2 Threads : The value of PI is 3.1415927 Eﬁgﬁmﬁi

Ar—5T IO RT LXK &4t
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$ cat -n cpi.c
#include <omp.h>
#include <stdio.h>
#include <time.h>
static int num_steps
double step;
#pragma intel omp sharable (num_steps)
#pragma intel omp sharable (step
int main ()
{
10 int i, nthreads;
11 double start_time, stop_time/;
12 double x, pi, sum = 0.0;
13 {#pragma intel omp sharable (sum)
14 step = 1.0/ (double) num_steps;
15 #pragma omp parallel private (x)
{

// Op

1000000;

WooJouUud WNR

// WFIRITHEBMDIRE

1T R RS 3T
/! DF=HDANYEI7AILDIEE

OpenMPEE1THEIH

EERLILLY

// OpenMPHLUTILTOTS LA :

17 nthreads = omp_get num threads(); // EfTHEHIC&IALYFHOMEG

18 #pragma omp for reduction (+:sum)

// “for” T—OLITEX

19 for (i=0;i< num_steps; i++) { // private&reductionf§Rf)

20 x = (i+0.5)*step; // DIEE

21 sum = sum + 4.0/ (1.0+x*x) ;

22 }

23 }

24 pPi = step * sum;

25 printf ("$5d Threads : The value of PI is %10.7f¥n",nthreads,pi);

26 }

21 AV EAYE—D l

$ icc -cluster-openmp -O -xT cpi.c—
cpi.c(18) (col. 1) remark: OpenMP DEFINED LOOP WAS PARALLELIZED.
cpi.c(15)

$ cat kmp cluster.ini

(col. 1) remark: OpenMP DEFINED REGION WAS PARALLELIZED.

--hostlist=node0,nodel --processes=2 --process_threads=2 --no_heartbeat --startup_timeout=500

$ ./a.out

4 Threads : The value of PI is 3W ﬁﬁ]i'ﬁ'ﬂﬁﬂﬁw%i I

Ar—5T IO RT LXK &4t
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MPITHS{E N7 T1) r—= 3 > [Z0OpenMP T D il 5|k B0
MPLEIE & OpenMPTD I —9 Lz 7 ZFIA L THER 5| ALIE

DEIR

For

include ‘mpif.h’
program hybsimp

call MPI_Init(ierr)
call MPI_Comm_rank (...,irank,ierr)
call MPI_Comm_size (...,isize,ierr)
I Setup shared mem, comp. & Comm
I$SOMP parallel do

doi=1,n

<work>

enddo
I compute & communicate
call MP1_Finalize(ierr)
end

[ran

C/

#include <mpi.h>
int main(int argc, char *argv){
int rank, size, ierr, i;

ierr= MPI_Init(&argc,&argvl]);
ierr= MPlI_Comm_rank (...,&rank);
ierr= MPlI_Comm_size (...,&size);
//Setup shared mem, compute & Comm
#pragma omp parallel for

for(i=0; i<n; i++){

<work>

}
// compute & communicate
ierr= MPI_Finalize();

Rr—S5T WO RT LXK =1t
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Fortran

CIC++

include ‘mpif.h’
program hybmas

ISOMP parallel

I$SOMP barrier

ISOMP master

call MP1_<Whatever>(...,ierr)
I$SOMP end master

I$SOMP barrier

I$SOMP end parallel
end

#include <mpi.h>

int main(int argc, char *argv){

int rank, size, ierr, i;

#pragma omp parallel

{

#pragma omp barrier
#pragma omp master

{

ierr=MPI_<Whatever>(...)

}

#pragma omp barrier

Rr—S5T WO RT LXK =1t
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Hybrid OpenMP MPI

Benchmarkproject ("homb”)

SpeedUP

32 T
28 -
24 -

20 -

16 -

MPI1% X 9 #

'-'penI\/IP/I\/IPI//\4 Ty R

This is the Hybrid OpenMP MPI Benchmarkproject (“homb”)

This project was registered on SourceForge.neton May 16, 2009, and is
described by the project team as follows:

HOMBis a simple benchmark based on a parallel iterative Laplace solver aimed

at comparing the performance of MPI, OpenMP, and hybrid codes on SMP and
multi-core based machines.
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NAS Parallel Benchmark (Multi-Zone)
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In general, the name of the company and the product name, etc. are the
trademarks or, registered trademarks of each company.

Copyright Scalable Systems Co., Ltd., 2009. Unauthorized use is
strictly forbidden.
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