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HPC means being able to work productively on remote machines

File Edit View Window Help
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PROFILE
Profile a program.

. LoAD PROFILE DATA FILE

Connect to Remote Host

allinea

D DT Connecting to titan ...
i

<< Hide Terminal
alllnea /home /mark/Work/code/jon/libexec/remote-exec titan ~x'a'_'_‘_reaf'.f"_ibexec.f'ddt—:er:ote;I
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qqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqqq

Enter PASSCCDE:|]

Support A
Tutorials ’

allinea.com -
allinea

& No licence found ?
[allinea Ultimate map-smoketest-scripts-5.0 0a3f65bcf767 Nov 7 2014 4 FO RG E




Calculating pi with 1 thread, 1 process

T — X

bpaisley@beau: ~fownCloud/bpaisley/src/pi

bpaisley@beau:~/ownCloud/bpaisley/src/pis time cpi

initializing...

calculating pi...

pi is approximately 3.1415926535897416, Error is 0.0000000000000515
writing to disk...

finished

real 1m15.971s

1m13.306s
sys OmO.236s
bpaisley@beau:~/ownCloud/bpaisleyfsrc/pis I
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Profile with 1 process, 1 thread

bpaisley@beau: ~fownCloud/bpaisley/src/pi

bpaisley@beau:~/ownCloud/bpaisley/src/pis map --profile . fcpi
Allinea Forge 5.0.1 - Allinea MAP

Profiling : [home/bpaisley/ownCloud/bpaisley/src/pifcpi
Allinea sampler : preload

MPI enabled : No

initializing...

calculatipg pi...

pi is approximately 3.1415926535897416, Error is 0.0000000000000515
writing to disk...

finished

MAP analysing program...

MAP gathering samples...

MAP generated /fhome/bpaisley/ownCloud/bpaisley/src/pifcpi_1p_2015-04-28 15-47.map
bpaisley@beau:~/ownCloud/bpaisley/src/pis
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Using MAP to analyze our 1 process, 1 thread run

cpi_1p_1t_2015-04-29_07-54.map - Allinea MAP - Allinea Forge 5.0.1 [Trial Version]

File Edit View Window Help

Profiled: cpi on 1 process Started: Wed Apr 29 07:54:35 2015 Runtime: 72s Hide Metrics...

CPU floating-point (%) RS - . -
0.0 - 1000 (90.4 avg )

Memory usage (kB)
11571 - 11,895 {11,583 avg )

07:54:35-07:55:46 (71.569s): Main thread compute 96 %, File I/0 4 % | CPU floating-point 90.4 %; Memory usage 11,583 kB; ﬂetrics,][ Select All ]

L ocpi.c X

62 fflush (stdout); L <3
C_ = for (L = 1; i <= n; ++i)

2 '— - :: h.l.lJ.HIh“.luJJ.lllll JLIILI‘I.L.I.-*II-I...‘.IIIIII.J 65 X = F" * [ [dD.‘-b-—E] i - CI E ‘5] F

74.6% 66 sum += f(x}; h —
69 Pi = h * sum; =
- . -

rrintFiflni dic arerawimstolisr & 1E6F  Brror i

[ Input/Output ] Project Files | Main Thread Stacks | Functions

Main Thread Stacks (%)
Total core time *  Function(s) on line Source Position
= # main { cpi.c:47 /\
74.6% bbbkttt U bl Ml - sum += £(x); Cpi.c:66
21.8% waalibblulbld Lol ovha oot I x =h * {{double)i - 0.5); i.c:
3.6% I du_il:} do_ic{); /* unnecesary ifo for illustration purpo.. cpi.c:?ﬁ allinea

Showing data from 1,000 samples taken over 1 process (1000 per process) Allinea Forge 5.0.1 & Main Thread View FORG E
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Zooming in on the 1O portion of our run

cpi_1p_1t_2015-04-29_07-54.map - Allinea MAP - Allinea Forge 5.0.1 [Trial Version]

File Edit View Window Help

Profiled: cpi on 1 process Started: Wed Apr 29 07:54:35 2015 Runtime: 72s Hide Metrics...

CPU floating-point (%) [T ST T SRR = Sl -

0.0 - 100.0 (904 avg ) !
0.0 - 30 { 21avg) P
Memory usage (kB)
11,571 - 11,895 {11,583 avg )
11,842 - 11,895 {11,889 avg )

07:55:44-07:55:46 (2.365s, 3.4% of total): Main thread compute 0 %, File I/0 100 % | CPU floating-point 2.1 %; Memory usage 11,889 kB; ﬂetrics,][ Select All ]

L cpic X

b 'y
3T 3 for(i=0; i<N; ++1i)
5.z: [N 1 I N :: — f - fopen("cpi.tmp", "w"); |
5 E'*.I 40 fwrite (buffer, len, sizeof (char), £); I
5. 8% B | 41 foclose (£); [}
43 ';::1'_"_:1}1("-:';:'_.:.':'.;:"]; —
. L=

[ Input/Output ] Project Files | Main Thread Stacks | Functions
Main Thread Stacks

Total core time *  Function(s) on line Source Position
= # main { cpi.c:47 /\

Edo io do_ic{); /* unnecesary ifoc for illustraticn pur.. Cpi.C:76 T
f = fopen("cpi.tmp™, "wW"); i.c:
85.3% [ NN I B & |0 file fopen -
allinea

B.8% B | # fclose fclose (£); cpi.c:41
Showing data from 34 samples taken over 1 process (34 per process) Allinea Forge 5.0.1 & Main Thread View FO RG E
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Always be thinking about vectorization

cpi_1p_1t_2015-04-29_07-54.map - Allinea MAP - Allinea Forge 5.0.1 [Trial Version]

File Edit View Window Help

Profiled: cpi on 1 process Started: Wed Apr 29 07:54:35 2015 Runtime: 72s Hide Metrics...

e =B

CPV floating-point (%) RS = =T T T T -
0.0 - 100.0 (90.4 avg )

CPU fp vector (%)
0.0 - 0.0 (0.0avg )

Memory usage (kB)
11571 - 11,895 {11,583 avg )

07:54:35-07:55:46 (71.569s): Main thread compute 96 %, File /O 4 % | CPU floating-point 90.4 %; CPU fp vector 0.0 %; Memory usage 11,583 k| Metrics, || Select All |

L cpi.c X

fflush (stdout) ; L=

(%]

g for (L = 1; i <= n; ++1i) D
B =TT PREITI PP Y O S gy Py 3 X =h * ((double)i — 0.3}; l
T4.6% B sum += f(x); ||

3

l on oo oo o B On OR O

B =R

pi = h * sum;
rrintFiMni dc srrmrowimstolisr & 1EF  Frror dc & 1EFY A =
| Input/Output | Project Files | Main Thread Stacks | Functions
Main Thread Stacks & [
Total core time *  Function(s) on line Source Position B /\
= # main { cpi.c:47
74.6% dilbllbi L bl Rl i f sum 4= £{x); cpi.c:66

21.8% e aabbi oLk s Lot b Ll

allinea

Eldﬂ_iﬂ do_io{); /* unnecesary ifo for illustratiocn pur.. Cpi.c:76 l
I fgets £ = fopen{"cpi.tmp", "w"); cpi.c:39 [~ FOR( ;lE

Showing data from 1,000 samples taken over 1 process (1000 per process) Allinea Forge 5.0.1 & Main Thread View
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While still connected to the server we can switch to the debugger

File Edit View Control Tools Window Help

3

= allinea
2§ FORGE
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RUN
Run and debug a program.

ATTACH
Attach to an already running program.

allinea
DDT OPEN CORE

Open a core file from a previous run.

MANUAL LAUNCH (ADVANCED)
Manually launch the backend yourself

allinea
MAP OPTIONS

Remote Launch:

|off [ |

QuIT
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Adding some OpenMP pragmas to multithread

cpi-openmp_1p_8t_2015-04-29_08-01.map - Allinea MAP - Allinea Forge 5.0.1 [Trial Version]

File Edit View Window Help

Profiled: cpi-openmp on 1 process, 4 cores (4 per process] Started: Wed Apr 29 08:01:51 2015 Runtime: 20s

Application activity

Hide Metrics...

CPU floating-point (%)

0.0 - 100.0 { B5.6 avg )
Memory usage (kB)
11,612 - 12,116 {11,897 avg )

08:01:51-08:02:10 (19.699s): Main thread compute 0 %, OpenMP 90 %, OpenMP overhead 10 % | CPU floating-point 85.6 %; Memory usage 11,897 kB;

L cpi-openmp.c X ‘

Metrics, || Select All |

duction(+:sum) private (x)

[v]

X =h * ((double}i - 0.3);

el ot L il s ol il

2 B%
65 . 9% ik, sum += £f(x);

[%+]

..

~ oo B O Oh O
W 0 W] oy Lo

[ =]

pi = h * sum;
printf("pi is approximately %.16f, Error is %.16f\n",
pi, fabs(pi - PIZ3DT));

e |
=Y

printf("writing to disk...\n"};
fflush(stdout);

f=

[«]

Input/Output ] Project Files | OpenMP Stacks | OpenMP Regions ] Functions ]

[v] B

#pragma omp parallel for reducticon(+:sum) private (x)

1'% main [OpenMP region 0]

EB-Q%W sum += f£{x);
20.8% i s st b1 ®x = h * ({double)i -
<0.1% . : {2 others

0.1%, [+ 2 others

B # [OpenMP worker threads]

T T o T Y el

O G0 ||
Showing data from 950 samples taken over 1 process (950 per process)

OpenMP Stacks &
Total core time * Owverhead Function(s) on line Source Position
= & cpi-openmp [program]
E # main { cpi-openmp.c:47

cpi-openmp.c:64
cpi-openmp.c:68
cpi-openmp.c:67

Allinea Forge 5.0.1 % OpenMP View

allinea
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Adding MPI support and submitting to and HPC batch system

Application: jhome/bpaisley/ownCloud/bpaisley/src/pijcpi-mpi Details
Application: [,"humefbpai5IewuwncluudfbpaiEIEwarcfpifcpi-mpi - l
Arguments: [ A d l

stdin file: v 9
Working Directory: [ L l
+| MPI: 2 processes, 2 ppn, Open MPI (Compatibility) Details

Number of Processes: E
~| Processes per Node IE-E
Implementation: Open MPI (Compatibility)

mpirun arguments [ vl
+| OpenMP: 8 threads Details
Mumber of OpenMP threads: EE h

Submit to Queue /‘
Environment Variables: none Details Y
l [ Cancel

Help l [ Options Run .
allinea
FORGE
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Analyzing our OpenMP + MPI results

cpi-mpi_dp_2t_2015-04-29_08-10.map - Allinea MAP - Allinea Forge 5.0.1 [Trial Version]

File Edit View Window Help

Profiled: cpi-mpi on 4 processes, 4 cores (1 per process) Started: Wed Apr 29 08:10:53 2015 Runtime: 5s Hide Metrics...

CPU floating-point (%) S i1m -l =1 | = | .
0.0 = 100.0 {51.5avg ) | =1 = -

Memory usage (kB)
15,020 - 15,319 (15,135 avg )

08:10:53-08:10:57 (4.569s): OpenMP 56 %, MPI 34 %, OpenMP overhead 10 % | CPU floating-point 51.5 %; Memory usage 15,135 kB| Metrics, || Select All |

[t cpimpi.c X
2.1% .0 . B4 -
11 8% g b ld Lddiald e, BT x = h * ((double}i - 0.5); h
22. 0% whilli i b B E sum += £(x); ]
[ Input/Output ] Project Files | OpenMP Stacks | OpenMP Regions ] Functions ]
OpenMP Stacks =
Total core time “  MPI Overhead Function(s) on line Source Position =
= & cpi-mpi [program] /\
E # main { cpi-mpi.c:48
55.9% NG (% main [OpenMP region 0] #pragma omp parallel.. cpi-mpi.c:84 — T
32.8% JE S .50% MPI_Finalize MPI_Finalize(); cpi-mpi.c:109 y
1.0% - 1.0% MPI_Reduce MPI_Reduce {smypi, &p.. CpFMpi.c:97 = alllnea

Showing data from 796 samples taken over 4 processes (199 per process) Allinea Forge 5.0.1 ¥ OpenMP View FO RG E



Why all this synchronization?

cpi-mpi_4p_2t_2015-04-25_08-10.map - Allinea MAP - Allinea Forge 5.0.1 [Trial Version]
File Edit View Window Help

Profiled: cpi-mpi on 4 processes, 4 cores (1 per process) Started: Wed Apr 29 08:10:53 2015 PRuntime: 55 Hide Metrics...

CPU floating-point (%) e i TR BT B

0.0 - 100.0 {51.5 avg ) LI | L
0.0 - 100.0 { 2.8avg) .

Memory usage (kB)

15,020 - 15319 {15,135 avg )

15,020 - 15,319 (15,270 avg )

MPI call duration (ms)

0 - 2,103 (324.7 avg )

o - 2,044 { 700.7 avg )

08:10:55-08:10:57 (2.008s, 44.2% of total): OpenMP 3 %, MPI 74 %, OpenMP overhead 23 % | CPU floating-point 2.8 %; Mer| Metrics, || Select All |

L cpi-mpi.c X
105 pi, fabs(pi - PI25DT)); (]
106 fflush(stdout); h

72. 2% Sl 10 ¢ MPI Finalize(};

110 return 0;

[ Input/Output ] Project Files = OpenMP Stacks | OpenMP Regions ] Functions ]

OpenMP Stacks E]]
Total core time “ | MPI Overhead Function(s) on line Source Position
= & cpi-mpi [program]
L 4 main 1 cpi-mpi.c:48
72.2% ol 7 .2 % . -~ MPI_Finalize MPI_Finalize({. cpi-mpi.c:109
2.8%mn_ “* main [OpenMP region 0] #pragma omp p.. Cpi-mpi.c:84
2.3% 2.3% . + MPI_Reduce MPI_Feduce (&m.. Cpi-mpi.c:97

Showing data from 352 samples taken over 4 processes (88 per process)

Allinea Forge 5.0.1 % OpenMP View
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The workflow of pi from serial to HPC
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