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HPC means being able to work productively on remote machines
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Submit to job queues or run interactively on any system

File Edit View Window Help

Run *

Application: fhome/mark/Work/code/5.0/examples/optimizing/wave opl  Details

PRO |
Prcﬁ] Application: |'ne,fmark,'Workfcode,.fS.D,.fexampIes{optimizingfwave_optimized j = |
LOA Arguments: | 10 j
- Load
a"lnea I™ stdin file: |/home/mark/Work/r/bench.R = |
DDT OPTH | kina DI
Working Directory: | ﬂ ﬁl
Remote
Im ¥ MPI: 1 process, Open MPI Details
a"inea Number of Processes: |1 3:

h—’] ,«'J"\‘D QUM procasses per Node |1 =
Implementation: Open MPI Change... |

mpirun arguments | =l
¥ OpenMP Details
Number of OpenMP threads: m
[T Submit to Queue Configure... Parameters...
Environment Variables: none Details
Help Options Run . Cancel |
&
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Open and view files directly on the remote system

File Edit View Window Help
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We’ve been asked to look at a profile recorded for a wave equation solver

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
o - 70 (145avg)

Memory usage (kB)
44663 - 72,221 { 68,908 avg )

10:26:34-10:27:04 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %, Sleeping = % | CPU fleating-point 14.5 %; Memory usage 68,908 kEB; Metrics,| Select All |

£ wave openmp.c [ |

Wap Arrays */

227 (1 =1; 7 <= npoints; J++)
% {0 O TN O A 22 oldvalljl = values[jl;
G T values[j] = newval[il;

iterations;

4 _ ool

Input/Output I Project Files  Stacks | OpenMP Regions I

Stacks g X
Time & | MPI |0verhead | Function(s) on line Source Position |
= & wave_openmp [program]
B # main wave _openmp.c:324

Eudate iterations = update{left, right); wave openmp.c:357

41.0% |I {/LHNRIN (AT I|II|||||||_
37.4% |ILHI0 0L ORI
16.2% [L{ILIFITINN 10 1l

wralue newval H wave openmp.c:230
#pragma omp parallel shared{newval, ocldval, wvalue. wave _openmp.c:213

oldval[j] = walues[j];: wave_openmp.c:229
48%”" I |" II ||| | I”l || || 4.8% Homp_in_final #pragma omp parallel shared{newval, ocldval, value. Wave openmp.c:213
0.5%

' ]
. oy allinea
0.1%)| B 1 other
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We go the extra mile to make products that just work

Small data files

<5% slowdown

No Instrumentation

No recompilation

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
0 - 70 (14.5avg )

Memory usage (kB)
44863 - 72,221 {68,908 avg )

10:26:34-10:27:04 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %. Sleeping © % | CPU floating-point 14.5 %: Memory usage 68,908 kB: ﬂetrics.l Select All |

L wave_openmp.c [£] |

<=.np0‘_nt5,' 1++)
Gl AL TR AT i e oldvallj] = values[jl;
O 1 values[j] = newvalljl;
—

=turn iterations;

Input/Output I Project Files  Stacks | OpenMP Regions |

Stacks 8 X
Time W | MPI | Overhead | Function(s) on line Source Position |
B & wave openmp [program]
= ¢ main wave_openmp.c:324

Hupdate iterations = update(left, right); wave openm 357

wave openm

41.0% I 0NN 000 CRED 0

@ update._omp_fn.0.constprop.1 #pragma omp parallel shared(newval, oldval, value. Wave Openmp.c:

37.4% IILIEL I IOEOEL D00
16.2% [LINEITNENT 10 01 oldval[j] = values[jl; wave_openmp.c:229
8%/l 0 I i 4.8% Homp_in_final #pragma omp parallel shared(newval, oldval, walue.. wave_openmp.ci213
0.5% | | 3 others
0.1%] 1 other
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57.2% of the time is spent swapping arrays — this isn't even in an OpenMP loop

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
o - 70 (145avg)

Memory usage (kB)
44663 - 72,221 { 68,908 avg )

10:26:34-10:27:04 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %, Sleeping = % | CPU fleating-point 14.5 %; Memory usage 68,908 kEB; Metrics,| Select All |

£ wave openmp.c [ |

Wap Arrays */

227 (1 =1; 7 <= npoints; J++)
% {0 O TN O A 22 oldvalljl = values[jl;
G T values[j] = newval[il;

iterations;

4 _ ool

Input/Output I Project Files  Stacks | OpenMP Regions I

Stacks g X
Time & | MPI |0verhead | Function(s) on line Source Position |
= & wave_openmp [program]
B # main wave _openmp.c:324

Eudate iterations = update{left, right); wave openmp.c:357

41.0% |I {/LHNRIN (AT I|II|||||||_
37.4% |ILHI0 0L ORI
16.2% [L{ILIFITINN 10 1l

wralue newval H wave openmp.c:230
#pragma omp parallel shared{newval, ocldval, wvalue. wave _openmp.c:213

oldval[j] = walues[j];: wave_openmp.c:229
48%”" I |" II ||| | I”l || || 4.8% Homp_in_final #pragma omp parallel shared{newval, ocldval, value. Wave openmp.c:213
0.5%

' ]
. oy allinea
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There’s a much quicker way to swap arrays than by copying their data

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per proc

ess) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s

Hide Metrics...

Application activity

CPU floating-point (%)
o - 70 (145avg)

Memory usage (kB)
44663 - 72,221

{ 68,908 avg )

10:26:34-10:27:04 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %, Sleeping

L wave openmp.c* [ |
M This file has been edited.

% | CPU floating-point 14.5 %; Memory usage 68,908 kB; Metrics,| Select All

. [

.D

/* swap arrays *,

oldval = wvalues;

values = newva

*for (j = 1; j <= npoints; j++) =
[j1 = valuesl[jl;
[§] = newvalljl;

4| i | 3|
Input/Output I Project Files  Stacks | OpenMP Regions I
Stacks g X
Time oW | MPI |0verhead | Function(s) on line Source Position |
= & wave_openmp [program]
= # main wave _openmp.c:324
Elupdate iterations = update({left, right); wave_openmp.c:357

41.0% {|I 1IN 10O ) O O
37.4% [T NIN 00 (0L Q0D P

we.2% ([0 11l

a0 T W 4.8%
0.5% | |

0.1%|

values[j] = newval[j]; wave_openmp.c:230

wWave openmp

value..

w update. omp fn.0.constprop.l

#pragma omp parallel shared({newwval, oldwval,

#pragma omp parallel shared{newwval, oldval, walue.

wave_openmp.c:213

omp_in_final
iH3 others
1 other
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We can build this change on the remote system directly

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process)

Application activity

CPU floating-point (%)

Started: Fri Nov 7 10:26:34 2014 Runtime: 30s

Hide Metrics...

0 = 70 {145 avg)
Memory usage (kB) = =
14663 - 72221 { 68,908 avg ) Build Configuration *®
10:26:34-10:27:04 (29.975s): Main thread com] Build command: | make H| 8,908 kB; Metrics,| Select All
Working directory: |fhome,fmarkfwave_openmp EI
£ wave openmp.c (£ | ok I Cancel |
M This file has been edited.
227 oldval = values;
224 values = newval;
. . —
rn iterations;
. e e e e A
4| | E
Input/Output I Project Files  Stacks | OpenMP Regions I
Stacks =4
Time N | MPI |0verhead | Function(s) on line Source Position |
= & wave_openmp [program]
= # main wave _openmp.c:324
Elupdate iterations = update({left, right); wave_openmp.c:357
41.0% ([N IR (ORI @/ NERTN o values[j] = newvallil; wave_openmp.c:230
s7.a4% [N WV OO I e * update. omp fn.0.constprop.1 #pragma omp parallel shared(newval, cldval, value. wave Openmp
16.2% [[ILIINNE 1 I Il ldval[j] = values[j]; wave openmp.c:229
48%”" I |" II ||| | I”l ” || 4.8% Omp_in_ﬁnal #pragma omp parallel shared{newwval, oldval, walue. WBVE_ODEHFI'ID.C:213
0.5% | | (B3 others
0.1%| B 1 other
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We can build this change on the remote system directly

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
o - 70 (145avg)

Memory usage (kB)
44663 - 72,221 { 68,908 avg )

10:26:34-10:27:04 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %, Sleeping = % | CPU fleating-point 14.5 %; Memory usage 68,908 kEB; Metrics,| Select All

& wave_openmp.c [£] |
M This file has been edited.

/* swap arrays */
oldval = wvalues;
28 values = newval;

‘I gl * Mo md v wmmimm A mremm e I+ rm Fwrmmn rrmwlem e el et e I ’_I
Input/Output I Project Files | Stacks | OpenMP Regions  Build Output
Build Output

Qv|.| ‘

10:41:38 - Running 'make' in ' /home/mark/wave_openmp'’
mpicc -g -03 -fopenmp wave_openmp.c -0 wave_openmp -lm

38 - Finished 'make' in '/home/mark/wave_openmp' - build time: 0 seconds

allinea

10:41:38 - Finished 'make’ in 'fhome/mark/wave openmp' - build time: 0 seconds M A p
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e
And commit it to source control

File Edit View Window Help

Profiled: wave cpenmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:26:34 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
0 - 70 {145 avg)
Memory usage (kB)
44,663 - 72221 (68,908 avg )
10:26:34-10:27:03 (29.975s): Main thread compute 14 %, OpenMP 21 %, Overhead 64 %, Sleeping © % | CPU floating-point 14.5 %; Memory usage 68,908 kB; Metrics,| Select All
£ wave_openmp.c 5] | l Commit Changes . l
M, This file has been edited. Modified Files:
“5 /* swap arravs */ M wave openmp.c [
227 oldval = vali:es;
228 values = newval;
L_j_-., } —
X return iterations; g:lmmit M 2
Swap arrays directly via their pointers instead of copying _lll
Kl each element; this takes longer than the calculation does | E
N N ¥ with 4 cores...
Input/Output | Project Files | Stacks | OpenMP Regions  Build Output
Build Output 8 X
Q M Commit I Cancel ‘
11:28:46 - Running 'make' in ' /home/mark/wave openmp'

mpicc -g -03 -fopenmp wave openmp.c -0 wave openmp - 1lm

11:28:46 - Finished 'make’ in '/home/mark/wave_openmp' - build time: 0 seconds

allinea
11:28:46 - Finished 'make’ in 'Jhome/mark/wave openmp’ - build time: 0 seconds M A p
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How much faster will the application be now?

File Edit View Window Help

fhome/mark/wave_openmp/wave_openmp
1/ 1 processes running

Stop and Analyze |
Started on Fri Nov 7 10:42:49 2014

* MNow
Elapsed time: 12s ¢ After 5 =||Mminutes =]
Wawve soluticn with 1 processes
points = 1000000, running for 20 seconds

Type here (‘Enter' to send): |

allinea
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i i
Perhaps we should have tested it before committing that change...

File Edit View Window Help

Profiled: wave openmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 10:42:49 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
o - 100 {45.0 avg )

Memory usage (kB)
49,656 - 72217 { 68,899 avg )

10:42:49-10:43:19 (29.943s): Main thread compute 0 %, OpenMP &2 %, MPI 0 %, Overhead 32 %, Sleeping © % | CPU floating-point 45.0 %; Memory usage 68,899 | Metrics,| Select All |

& wave_openmp.c [ |

/* get program parameters and initialize wave wvalues */
get_data();
<0 init_line();
/* update values along the line for nstep time steps */
99 iterations = update(left, right]);

/* collect results and print */

if (rank == 0) output_master();
else output_workers();

- o . . | _>ILI

Input/Output | Project Files | Stacks | OpenMP Regions |
Input/Output g X

L

Wave solution with 1 processes
points = 1000000, running for 30 seconds

points for validation:

0:0.00 200000:0.85 400000:0.35 &00000:-0.82 S800000:-1.03 59%3559:0.00
0:0.00 200000:0.95 400000:0.5% &00000:-0.5% &800000:-0.%35 59%3959:0.00
Error, validation check failed!

allinea
MAP

Showing data from 1,000 samples taken over 1 process (1000 per process) [allinea Ultimate map-smoketest-scripts-5.0 0a3f65bcf767 Nov 7 2014 4
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While still connected to the server we switch to the debugger

File Edit View Control Tools Window Help

3

= allinea
2§ FORGE

ey

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

Support A
Tutorials Y
allinea.com -

. allinea
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s
It's already configured to reproduce the profiling run

File Edit View Control Tools Window Help

Application: /home/mark/wave openmp/wave_openmp Details
Application: | fhome/mark/wave_openmp/wave_openmp j = |
Arguments: <
RUN ] | =l
Run and debug a program. I™ stdin file: |/home/mark/Work/r/bench.R = = |
ATTACH _ Working Directory: | =l ﬁl
"_ Attach to an already running program.
allin€a v MPI: 1 process, Open MPI (Compatibili i
D_\IT OPEN CORE ¥ p p { p ity) Details
= Open a core file from a previous run. Number of MPC Tasks: I 1 3:
MANUAL LAUNCH (ADVANCED) Number of Processes: | 1 =
a" inea Manually launch the backend yourself I IR tais m :
l\\-’1 / \P OPTIONS Implementation: Open MPI (Compatibility) Change... |
Remote Launch: mpirun Arguments: | [~
Off |
¥ OpenMP: 4 threads Details
QuiT Number of OpenMP threads: I : =5
[T cuDA Details
[T Memory Debugging Details...
[T Submit to Queue Configure... Parameters...
Environment Variables: none Details
Plugins: none Details
Support A
Tutorials
. Help Options | Run Cancel f
allinea.com y II_
A
Licence Serial: 43067 a Inea
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File Edit | View Control Tools Window Help

Hp, Fold all A~
—— Unfold all
HFocuson b Threads Together HI 1 3 e ‘ﬁv
Increase zoom Cirl++
Threads Decrease zoom Ctrl+-
: Reset zoom Ctri+0
Project Files Bve_openmp.c ] |
I Search (Ct Sl Alt+. time_mpi_stopl);
5 = Applv No split * update pos
B Horizontal split 8| ¥pragma omp parall
’ Vertical split fpragma
= (3

nit_line{void) : void
main{int argc, char **arg !
-5 output_master({void) : voi

| output_workers{void) : wc | - :

| reduce_print{const char*| | Y
time_mpi_start : void )
-2 time_mpi_stop : void * swap array
- 11 update(int left, int right) 227 oldval = values;
H- @ External Code = DEWVE_L§

| =)

1 iterations;

| | Kl

Locals Current Li... | Current S...
| |current Line(s) &
Variable Name | Value
+-start {tv_sec =0, Iy

_I;I « | i
Pl [Type: none selected

Input/Qutput* | Breakpoints | Watchpoints  Stacks | Tracepoints

Tracepoint Output | Logbook |

Evaluate

Stacks & X | Expression |\|"alue |
Function / “-newval  ——0x0
B main (wave o f-uldval —0x0

+-values —0x0

s
Our tools understand your version control system
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File Edit WView Control Tools Window Help

| oo €& BEELEE] ! AA-D~

Focus on current:  Process (" Thread ‘I_ Step Threads Together |

Saoo

Project Files £ wave ﬂpenmpc@ | Locals  Current Line(s) | Current Stack
I'_:'eal'l:}‘ (CEr+K) <, B months ago 216 & _«||current Line(s) g X
8 months ago 17 -
o = Application Code 8 months ago ‘\_.u'arlable Name |Value
B m 8 months ago (first @ oldval — 0x7ffff531c010
L o 8 months ago Sval 0x7HffSabe010
=5 8 months ago Hrvalues X abe
8 months ago = 222 do_math(j};
do_ math{lntl) void 8 months ago }
| get_data(void) : void |8 months ago }
| init_line(void) : void 8 months ago :
| mainlint argc. char **a 8 months ago * swap -';:"_'-3_'.':. *
-2 output_master({void) : v 022? C‘id'j:i = ‘f:i-’isr
| output_workers(void) : [SSEEEEEEE =50 g L CooEEEe |
| reduce_print(const cha |g months ago |changeset: 1:95f85f0eddda
=1 time_mpi_start : void |8 months ago (tag: tip
- |21l time_mpi_stop : void |8 months ago |user: Mark O'Connor <mark@allinea.com=
- [#] update(int left, int righ! |8 months ago date: Fri Nov 07 11:37:23 2014 +0100 ) _ )
H- B External Code 8 months ago [summary: Swap arrays directly via their pointers instead of copying each element; this takes longer than the calc...
8 months ago
8 months ago
8 months ago e R RRRRRRRRRRRRRRREBRATD
8 months ago
B menthe =E.—. 20 F arnid mesbrost _maeter (znoi Al | K1 | _’I
1] | Kl | 2 [Type: none selected
Input/Qutput | Breakpoints | Watchpoints  Stacks | Tracepoints | Tracepoint Output | Logbook Evaluate g X
Stacks & X | Expression |\|"alue |
ek |Functian / | “-newval ———O0x7ffff4b7a010
1 I:IEJ main (wave openmp.c: 354] T-uldval 0x7ffff531c010
| 1 oo update (wave o +-values — Ox7ffffSabed 10

3 s omp_in_final

IE—————————§—§$—§$§—$—$—$—$§$§$5;——_—
Most new bugs are in or around recently changed code
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We can visualize multidimensional data across all processes

File Edit WView Control Tools Window Help
[ofw 883 KEELERE] ! O-O~

HFocus on current: & Process ¢ Thread ‘I_ Step Threads Together | JJ 1 B B ‘Q -

9000

Visualization X Locals ~ Current Linefs) | current Stack
File View Viewpoint | [current Line(s) & X
B Variable Name [ value
v . Process 0 (first -old\.ral — Ox7ffff531c010
=-values — 0x7ffffsabed10

h element; this takes longer than the calc...

. -

I'Iime: none selected

Jue |
—0x7ffffab7a0l10
—0x7ffff531c010
—0x7ffff5abed10

allinea
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s
And generate statistical summaries of their contents

File Edit WView Control Tools Window Help

[w[e 083 BELEE] ! B-D~

Multi-Dimensional Array Viewer

Array Expression: | values[$i]

Distributed Array Dimensions: INone 3: How do | view distributed arrays?

[ Staggered Array What does this do?

|

Evaluate

Cancel

¥ Align Stack Frames

From: 0 5

To: IlUDDDOl 3:
Display: IRuws 'I

[T Auto-update

Minimum: -1
Maximum: 1

I™ only show if: | See Examples
DataTable  Statistics |
Count: 1000002 =
Not shown: 0
Errors: 0
Aggregate: 0
Numerical: 1000002
Sum: -1.26457e-08

Range: 2

Mean: -1.26456e-14

Variance: 0.499999

nam: 0

-nan: 0

inf: 0

-inf: 0

<0: 500000

=0: 3

>0: 499999 ZI
Help | Close

| 2% -
Locals  Current Line(s) | Current Stack
(1 = 1; i <= npoints; j++ | [current Line(s) g X
global endpoints Variable Name |Value
((first + J - 1 == 1) (first +-oldval — 0x7ffff531c010
atill = V. +-values —— 0x7ffff5aben10
do_math(q};
D;d‘}a;-= 1:7.;;'..:-;5;
values = newval;
) I
85f0eddda
onnor <mark@allinea.com=
711:37:23 2014 +0100
arrays directly via their pointers instead of copying each element; this takes longer than the calc...
Fat _maetar (1o A jhd] Kl | 2
| *| [Type: none selected
racepoint Output | Logbook Evaluate g X
& X | Expression |\|"alue |
“-newval ———O0x7ffff4b7a010
woldval  ——0x7ffff531c010
+-values — Ox7ffff5abe010

allinea
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s
Let’s run one iteration. Changes are automatically highlighted:

File Edit WView Control Tools Window Help

| »[uw & 3 5k BB Ef EJ

n-5-

Focus on current:  Process (" Thread ‘I_ Step Threads Together | JJ

Saoo

feetle £ wave OPE"'“PC@ | Locals  Current Linefs) | Current Stack
|'5-:ar|:}‘ (Ctrl+K) <. 8 months ago 216 H | [current Line(s) & X
8 months ago -
B = Application Code 8 months ago . ‘\_.u'arlable Name |Value
e / 8 months ago (first + oldval —— Ox 7ffff5abe0l(
=N g EEEEEE :gg +-values —— Ox7ffffab7a01(
B8 months ago = 222
| do_ math{lntl) void 8 months ago }
get_data(void) : void |8 months ago }
| init_line(void) : void 8 months ago ;
| mainlint argc. char **a 8 months ago * swap arrays
1] output_master(void) : v © 227 B ‘fall'_'fe_s':
| output_workers{void) : [SEEEEEEE — . values = newval; [ |
| reduce_print{const cha |3 nonths ago } )
1 time_mpi_start : void |8 months ago
- [21] time_mpi_stop : void ||8 months ago 232 iterations;
- [#] update(int left, int righ! |8 months ago 233 }
- & External Code S months ago
8 months ago 2358 /*
8 months ago *
8 months ago I *
E 22252? EEE 20 F arnid mesbrost _maeter (znoi Al ad | K1 | _’I
1 | o | 21 [rype: none selected
Input/Qutput | Breakpoints | Watchpoints Stacks | Tracepoints | Tracepoint Qutput Logbook Evaluate g X
Stacks & X | Expression |\|"alue |
Threads |Functian ; | “-newval ———O0x7ffff4b7a010
1 I:IEJ main (wave openmp.c: 354] T'“ld"al — 0x7ffff5abe010
| 1 e L pdate (wave o +-values — Ox7ffffdb7a010

3 s omp_in_final
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IE—————————§—§$—§$§—$—$—$—$§$§$5;——_—
Variables are compared across all threads and processes automatically

File Edit WView Control Tools Window Help

| »[uw & 3 5k BB Ef EJ

n-5-

Focus on current:  Process (" Thread ‘I_ Step Threads Together | JJ

Saoo

il oihi £ wave OPE"'“PC@ | Locals  Current Linefs) | Current Stack
|'5-:ar|:}‘ (Ctrl+K) <. 8 months ago 216 H | [current Line(s) & X
8 months ago -
B = Application Code 8 months ago . ‘\_.u'arlable Name |Value
e / 8 months ago (first + oldval — Ox 7ffffdb7a01(
f months g 221 -val — 0x7ffff4b7a010
=B 8 months ago 221 *rvalues
B8 months ago = 222
| do_ math{lntl) void 8 months ago }
get_data(void) : void |8 months ago }
| init_line(void) : void 8 months ago ;
| mainlint argc. char **a 8 months ago * swap arrays
= output_master(void) : v © 227 oldval = ‘fall'fe?':
| output_workers{void) : [SEEEEEEE — . values = newval; [ |
| reduce_print{const cha |3 nonths ago } )
1 time_mpi_start : void |8 months ago
- [21] time_mpi_stop : void ||8 months ago 232 iterations;
- [#] update(int left, int righ! |8 months ago 233 }
- & External Code S months ago
8 months ago 2358 /*
8 months ago *
8 months ago I *
E 22252? EEE 20 F arnid mesbrost _maeter (znoi Al ad | K1 | _’I
1 | o | 21 [rype: none selected
Input/Qutput | Breakpoints | Watchpoints Stacks | Tracepoints | Tracepoint Qutput Logbook Evaluate g X
Stacks & X | Expression |\|"alue |
Tzt |Functian ; | “-newval ———O0x7ffff4b7a010
1 |=Imain (wave openmp.c: 354] T'“ld"’al —— 0x7ffffab7a010
| 1 oo update (wave o +values ~ ——Ox7fiff4b7a010

3 s omp_in_final
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IE—————————§—§$—§$§—$—$—$—$§$§$5;——_—
These arrays are all pointing to the same area of memory!

File Edit WView Control Tools Window Help

| »[uw & 3 5k BB Ef EJ

n-5-

Focus on current:  Process (" Thread ‘I_ Step Threads Together | JJ 1 3 e ‘ ﬁ -

OEOO

feetle £ wave_openmp.c @ | Locals  Current Linefs) | Current Stack

|'5-:ar|:}‘ (Ctrl+K) <. 8 months ago 216 H | [current Line(s) & X

8 months ago — | I

B+ & Application Code 2 months ago _ e Value
- 8 months ago ifirst @l oldval — Ox7ffffab7a01(
& B B +-values — 0x7ffff4b7a010

8 months ago
8 months ago
B months ago }

8 months ago }

8 months ago

8 months ago * swap arrays *

do_ math{lntl) void
| get_data(void) : void
| init_line(void) : void
| main(int argc, char **a

- = output_master(void) : v © 227 B ‘fall'_'fe_s':
| output_workers{void) : [SEEEEEEE — 529 . values = newval; [ |
J reduce_print{const cha |3 nonths ago } '
1) time_mpi_start : void |8 months ago 1
- [21] time_mpi_stop : void ||8 months ago 232 iterations;
- [#] update(int left, int righ! |8 months ago 233 }
- & External Code S months ago
8 months ago 53 /*

8 months ago *
8 months ago I
8 months ago

e Ty B szmid markrant maeter fiaddl _l;l | | _’I
1] | Kl | *| [Type: none selected

Input/Output | Breakpoints | Watchpoints Stacks Tracepoints Tracepoint Qutput Loghook Evaluate X
Stacks & X | Expression |\|"alue |
Threads | Function / | fnewval ——O0x7ffff4b7a010
1 I:IEJ main (wave openmp.c: 354] T'“ld"'al 0x7ffffab7a010
| 1 e L pdate (wave o +-values —— 0x7ffff4b7a010

3 s omp_in_final
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s
Let’s fix that right now

File Edit WView Control Tools Window Help

Jofu 8382 FEELEE] ! BA-D-

Focus on current: * Process (" Thread ‘I_ Step Threads Together HI T H B
EODO
Project Files £ wave _openmp.c* ] | Locals  Current Line(s) | Current Stack
|'5-:ar|:}‘ (Ctrl+K) “. | A This file has been edited. Current Line(s) 8 x
,3; Application Code 16 = for (§ = 1; j <= npoints; j++) _a| [ Variable Name |Value
ey
=2 (first + § - 1 == tg
do_| math{lntl) void else
| get_datalvoid) :void | - . do_math (§);
| init_line(void) : void £L3 _ '
| main(int argc, char **a . !
-2 output_master({void) : v 296 0 * gwap arrays *
| output_workers({void) : i o
| reduce_print{const cha double *temp = oldval; |
1) time_mpi start :void [© 220 oldval = values;
- |21l time_mpi_stop : void values = newval;
- (31 update(int left, int right | 231 _ newval = te
B & External Code - . !
) return iterations;
237 {4 | o
1] | Kl | *| [Type: none selected

Evaluate & X

Input/Qutput | Breakpointsl Watchpoints  Stacks | Tracepoints | Tracepoint Qutput | Logbook
& X | Expression |\|"alue |

Stacks

Threads | Function / | fnewval ——O0x7ffff4b7a010

1 |=Imain (wave openmp.c: 354] ’;'Uld"’al — Ox7ffff4b7a010
+-values — Ox7ffffdb7a010

| 1 o update (wave o
3 s omp_in_final
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s
This time we’ll verify our fix before committing it

File Edit WView Control Tools Window Help

| & [u € & = (B Oe

LEGEl ! O-5~

Focus on current:  Process (" Thread ‘I_ Step Threads Together | JJ -

Saoo

Project Files £ wave_openmp.c [ | Locals  Current Line(s) | Current Stack
|'5-:ar-:}‘ (Ctrl+K) 8 & Version control information cannot be displayed for files with uncommitted changes using Mercurial. [Current Line(s) 5 X
5 = Application Code ((first + 3 - 1 == 1) (first + - 1 == tpoina||Variable Name | value
& / newvalljl = 0.0; +-oldval — Ox7ffff5abe0
= | Sources cln:-_rr.at'r.tj] ; +-values —0x7ffffab7a0
LEVERY ! }
-2 do_math{int i) : void }
= get_data(void) : void 228
= init_line(void) : void 26 & (% swap arrays v
:_ mimhtnt ar’-]tc' {ChE_';} 228 double *temp = oldwal;
21l output_masterivold) |lg 554 oldval = values;
11 output_workers(void) : values — newval;
21| reduce_print{const cl newval = temp; [
i) time_mpi_start : void }
2| time_mpi_stop : void . }
21| updatelint left, int ric r
H- = External Code . .
) 1 iterations;
) Bl % mm o o
& Sota — . - e £ - er=s and n o it 1| I _PI
1 | ) K | 2 fype: none selected
Input/Output | Breakpoints | Watchpoints | Stacks | Tracepoints  Tracepoeint Output | Logbook | Build Output | Evaluate g X
Tracepoint Output & X | Expression |\|"alue
“-newval ——Ox7ffff531c010
Tracepoint | Processes | Values logged | +-oldval — ox7ffffSabe010
update (wave_openmp.c:229) |1, rank 0 | newval: Ox7ffff531c010 values: Ox7ffff4b7a010 oldval: Ox7ffffSabe010 +-values 0x7ffffab7a010
update (wave_openmp.c:229]} |1, rank O newval: Ox7ffffSabe0l0 wvalues: Ox7ffff531c010 oldval: Ox7ffff4b7a010
update (wave_openmp.c:229]} |1, rank O newval: 0x7ffff4b7a010 wvalues: Ox7ffff5abe010 oldval: Ox7ffff531c010
update (wave_openmp.c:229]) |1, rank O newval: Ox7ffff531c010 values: Ox7ffff4b7a010 oldval: Ox7ffff'Sabe0l0
Only show lines containing: |
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A tracepoint shows the arrays pointers are swapping correctly now

File Edit WView Control Tools Window Help

Jofu 8382 FEELEE] ! BA-D-

Focus on current:  Process (" Thread ‘I_ Step Threads Together |

Saoo

Project Files L wave_openmp.c [ | Locals  Current Li... | Current S...
g x

—

[0 -

[ Search (Ctrl+K) “. | A Wersion control informatif Commit Changes + Mercurial. |Current Line(s)

D = Application Code 219 Modified Files: tpoinja| ‘?"arlable Name |Value
/ el t-oldval — Ox 753
E+ i Sources 2973 M wave_openmp.c +values — ox7ffff5a
Ef B wave openmp.c 223
do_math(int i) : void 224 }
get_data(void) : void :
init_line(void) : void 226 8
main{int argc, char **arg B
output_master(void) : voi |~ - Commit Message: ———
output_workers{void) : vc
reduce_print{const char*| = ¢
time_mpi_start : void 23; }
time_mpi_stop : void 233 . )
: update(int left, int right) e r
- & External Code S

Fixed array swapping, validation tests now pass again. _

HEIEIEEEREEEIE

1 ite

238 Commit I Cancel |
P L = | L — -

. - Manr e r——— o : _|;I 1 | i
1] | Kl | Pl [Type: none selected

Input/Output | Breakpoints | Watchpoints | Stacks | Tracepoints  Tracepoeint Output | Logbook | Evaluate g X
Tracepoint Output & X | Expression |Value |
+-newval —— Ox7ffffab7a010
Tracepoint | Processes | Values logged = +-oldval — Ox7Ffff531c010
update (wave openmp.c:229) |1, rank 0 newval: Ox7ffff4b7a010 values: Ox7ffff5abe010 oldval: € Hvalues — OxT7ffff5abe0l0

update (wave openmp.c:229) |1, rank 0 newval: Ox7ffff531c010 values: Ox7ffff4b7a010 oldval: 0
update (wave openmp.c:229) |1, rank 0 newval: O0x7ffffSabe010 values: Ox7ffff531c010 oldval: 0

update (wave ocpenmp.c:229) |1, rank 0 newval: O0x7ffff4b7a010 values: Ox7ffffSabe0l0 oldval:

e ' allinea
nly snow lines containing:
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We have achieved just under a 2x speedup already

File Edit View Window Help

fhome/mark/wave_openmp/wave_openmp

0/ 1 processes running 1501 samples ‘IIIIIII 30%
Started on Fri Nov 7 11:52:58 2014 Runtime: 33s

Stopped on Fri Nov 7 11:53:31 2014 Collection time: 2s Collecting and merging samples...

Wave soluticon with 1 processes
points = 1000000, running for 30 secconds

points for validation:
0:0.00 200000:0.%4 400000:0.58 6&00000:-0.58 800000:-0.%4 99339%:0.00

0:0.00 200000:0.9%5 400000:0.5% 6&00000:-0.5% 800000:-0.%5 993%9%:0.00
validation check passed

min mean max
All time (ms): 30013 30013 30013
CPU time (ms): 29398 29998 29998
MPTI time (mg): 15 15 15
CPU time (%) : 100 100 100
MPTI time (%) : 0 [i] [i]
Iterations + 18440 128440 18440

points/second: 614.4M (614.4M per process)
wave finished

| i
Type here (‘Enter' to send): | More - I\a/l AI\ B E a



i i
Now the majority of the time is in the do_math function where it belongs

File Edit View Window Help

Profiled: wave cpenmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 11:52:58 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
o - 100 (29.1avg)

Memory usage (kB)
49,115 - 80,462 (68,923 avg )

11:52:58-11:53:27 (29.953s): Main thread compute 0 %, OpenMP 44 %, MPI 0 %, Overhead 56 %, Sleeping = % | CPU floating-point 29.1 %:; Memory usage 68,923 | Metrics,| Select All |

.t wave_openmp.c [£] |

8 months ago 214 { -]
8 months age 215 #pragma omp for
8 months age 21603 i (3 = 1; j <= npoints; j++)
8 months ago 217 {
8 months ago 2 /* global endpoints */
L.5%, ey womrme e o 3 months ago [(first + § - 1 == 1) [first + § - 1 == tpoints))
0.2% . L . 8 months ago newval[j] = 0.0;
8 months ago se
42 . 3% popeabbiaie s uauuianitie sl . 8 months ago do_math(j); —
8 months ago }
8 months ago }
8 months ago
<0.1% , . /* swap arrays */ @
A month=z amn 233 1
[ | | |
Input/Qutput | Project Files  Stacks | OpenMP Regions |
Stacks a8 x
Time B | MPI |0verhead | Function(s) on line Source | Position |
B & wave_openmp [program]
Bl # main wave openmp.c:325
update iterations = update(left, right); wave_openmp.c:358
88.7% | NI N N (11 (I & update. omp

fn.0.constprop.1 #pragma omp parallel shared{newval, oldval, walues) wave openmp.c:213

10.7%MI1 1 | 100 np in final ) wave openmp.c:213
0.4% | | |  #4 others
0.2%)] | B2 others

allinea
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But this function is not using vectorized operations...

File Edit View Window Help

Profiled: wave cpenmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 11:52:58 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
o - 100 (29.1avg)

CPU memory access (%)
o - 100 (64.6avg )

CPU fp vector (%)
0 - 0 (0.0avg)

11:52:58-11:53:27 (29.953s): Main thread compute 0 %, OpenMP 44 %, MPI 0 %, Overhead 56 %, Sleeping = % | CPU floating-point 29.1 %; CPU memory access 64. Metrics,| Select All |

L wave_openmp.c [ |

8 months ago 14 Bvoid do_math(int i) ;l
8 months ago {
8 months ago const double dtime = 1.0;
8 months ago const double c = 1.0;
8 months ago const double dx = 1.0;
8 months ago double tau, sgtau; —
8 months ago
8 months ago tau = (c * dtime / dx);
8 months ago sgtau = tau * tau;
1 B il kbl e B months ago newval[il = (2.0 * values([i]) - oldwvallil
22,88 il bl ol 8 months ago + (sgtau * (wvalues[i-1] - (2.0 * walues[i]} + walues[i+l]));

8 months ago
& months ago

Input/Qutput | Project Files  Stacks | OpenMP Regions |

Stacks 8 X
Time B | MPI |0verhead | Function(s) on line Source | Position |
El & wave_openmp [program]
B # main wave openmp.c:325
Hupdate iterations = update{left, right); wave_openmp.c:358

88.7% | NI NN N (11 (I

W update. omp

fn.0.constprop.1 #pragma omp parallel shared{newval, cldwval, wvalues) wave openmp.c:213

10.7%Ml 1 1 | 100 0. np_in_final | wave openmp.c:2
0.4% | | | ‘(14 others
0.2%| | 2 others

[allinea Ultimate map-smoketest-scripts-5.0 0a3f65bcf767 Nov 7 2014 4
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Can we remove this conditional from the inner loop?

File Edit View Window Help

Profiled: wave cpenmp on 1 process, 4 cores (4 per process)

Application activity

Started: Fri Nov 7 11:52:58 2014 PRuntime: 30s

Hide Metrics...

CPU floating-point (%)
o - 100 (29.1avg)

CPU memory access (%)

0 - 100 { 64.6 avg )
CPU fp vector (%)
0 - 0 (0.0avg)

11:52:58-11:53:27 (29.953s): Main thread compute 0 %, OpenMP 44 %, MPI 0 %, Overhead 56 %, Sleeping = % | CPU floating-point 29.1 %; CPU memory access 64. Metrics,| Select All |

L wave_openmp.c [ |

8 months ago 214 { =]
8 months ago 2]
8 months ago f (4 = 1; j <= npoints; j++)
8 months age 217 {
8 months ago Z1E /* global endpoints */
L.5%, iy s me e o 3 months age 219 [(first + j - 1 1) (first + § - 1 == tpoints))
0.2% L , 8 months ago 220 newval[j] =
8 months ago 221 else 1
42 . 3% popesbbiiv bbbyl nibepiah .. 3 months ago 222 do_math (j);
8 months ago 223 }
8 months ago }
8 months ago
Rl | :
Input/Qutput | Project Files ~ Stacks | OpenMP Regions |
Stacks g x
Time B | MPI |0verhead | Function(s) on line Source | Position |
B & wave_openmp [program]
B # main wave openmp.c:325
Hupdate iterations = update(left, right); wave_openmp.c:358
88.7% || I N 11 (I . % update. omp fn.0.constprop.1

1. 7% 1 | TLIA [N np_in_final
0.4% | | | . [H4 others
0.2%| | 2 others

#pragma omp parallel shared{newwval, ocldwval,

values) Wave openmp.c:213

! Wave openmp.c:.

[allinea Ultimate map-smoketest-scripts-5.0 0a3f65bcf767 Nov 7 2014 4
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We can zero the endpoints after the computation

File Edit View Window Help

Profiled: wave cpenmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 11:52:58 2014 Runtime: 30s

Show Metrics...

£ wave openmp.c* ] |

M, This file has been edited.

T e vium o “;: El #pragma omy pal 111el ';.?-Efne;ﬁal,_éz_val, values)
21 #¥pragma omp for
16 B for (j = 1; J <= npoints; j++)
3% anabbili sl ian e aitate ., 218  do_math(§);
""" (First oo s
224 newval [1]
(first + npoin

rn iterations;

. -

Input/Qutput | Project Files  Stacks | OpenMP Regions |

Stacks 8 X
Time B | MPI |0verhead | Function(s) on line Source Position |
El & wave_openmp [program]
B # main wave openmp.c:325
Hupdate iterations = update(left, right); wave_openmp.c:358

wvalues)

88.7% |I.| ._ |I|I |I“II @ update. omp fn.0.constprop.l #pragma omp parallel shared{newwval, ocldwval, wave openmp.c:213

10-?%.| Il I | I|I|I|I|||| np_in_final I Wave o
|

oan | | 44 s allinea
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IE—————————§—§$—§$§—$—$—$—$§$§$5;——_—
The new code compiles so let’s commit our changes and see if it's faster

File Edit View Window Help

Profiled: wave cpenmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 11:52:58 2014 Runtime: 30s Show Metrics...

& wave openmp.c ] |
M, This file has been edited.

1% 21 Commit Changes X
B 212 Modified Files:
- M wave_openmp.c
{J = 1; j <= npoints; j++)
42 5% poseaibilo i iiatlibian i il .. do_math (]} ;
221 e et e Commit Message:
223 if (first _==_1 ) Zero the endpoints after the calculation rather than I
22 newvallll - 0.0; _ checking each element; this should allow the compiler to
e (first + npoints - 1 == tpolints) auto-vectorize the do_math function when called in this
226 newval [npoints] = 0.0; loop
} ! Commit I Cancel |

239 return iterations;

N |

Input/Qutput | Project Files | Stacks | OpenMP Regions  Build Output
Build Output 8 X

B |

12:00:22 - Running ‘'make' in ' /home/mark/wave openmp'

mpice -g -03 -fopenmp wave openmp.c -O wave openmp -1lm

allinea

12:00:22 - Finished 'make' in 'fhomefmark/wave_openmp' - build time: 0 seconds M A p
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Apparently it's only 1%

File Edit View Window Help

faster... what's going on?

Profiled: wave cpenmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 12:01:43 2014 Runtime: 30s

Application activity

CPU floating-point (%)

0 - 50 (4.6avg)
Memory usage (kB)

57.561 - 78311 { 68,942 avg )

Hide Metrics...

12:01:43-12:02:13 (29.957s): Main thread compute 0 %, OpenMP 27 %, MPI 0 %, Overhead 72 %, Sleeping = % | CPU floating-point 4.6 %: Memory usage 68,942 ki Metrics,| Select All |

.t wave_openmp.c [£] |

nooR

27.3% o i

1|

8 months age 213 B #pragma omp p:
8 months ago 214
8 months age 215 #pragma omp for

8 months ago for (§J = 1; J <= npoints; j++)
8 months ago
do_math(j);
8 months ago }
8 months ago 220 }
222 * zero global endpoints *#
223 if (first == 1)
224 newval [1] = 0.0;
225 if (first ¢ npoints - 1 == tpoints)
226 newval [npoints] = 0.0;
8 months ago 228
e —— - P e ¢ T T

shared (newval, oldval, wvalues)

Input/Output | Project Files | Stacks | OpenMP Regions | Build Output

InputfOutput
CPU time {(ms): 30001 30001
MPI time (ms): 16 16
CPU time (%) : 100 100
MPI time (%) : O 4]
Iterations : 18630 18650

wave finished

Showing data from 1,000 samples taken over 1 process (1000 per process)

186350

points/second: 621.3M (621.3M per process)

[
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The floating point operations are more efficient but the code is memory-bound

File Edit View Window Help

Profiled: wave cpenmp on 1 process, 4 cores (4 per process) Started: Fri Nov 7 12:01:43 2014 Runtime: 30s Hide Metrics...

Application activity

CPU floating-point (%)
o - 50 (4.6avg)

CPU memory access (%)
10 - 100 (71.8avg)

CPU fp vector (%) . 'SERBEE | ) . & I i
0 - 50 (4.6avg) i i i B & i L ] i

12:01:43-12:02:13 (29.957s): Main thread compute 0 %, OpenMP 27 %, MPI 0 %, Overhead 72 %, Sleeping = % | CPU floating-point 4.6 %; CPU memory access 71.§ Metrics,| Select All |

L wave_openmp.c [ |

8 months ago 144 Bvoid do_math(int i) ;l
8 months age 145 {
8 months ago 146 const double dtime = 1.0;
8 months ago 147 const double c = 1.0;
8 months ago  14F const double dx = 1.0; —
8 months ago 149 double tau, sgtau;
8 months ago 150
8 months age 151 tau = (c * dtime / dx);
8 months ago 152 sgtau = tau * tau;

21.7% i 8 months age 153 newval[il = (2.0 * values([i]) - oldwvallil

5 B s e v i e 1wy B MONEDS ago 154 + (sgtau * (values[i-1] - (2.0 * walues[i]} + walues[i+l]));

8 months ago 155 }
8

months ago 156 - =
Rl | :

Input/Output | Project Files | Stacks | OpenMP Regions | Build Output

Input/Qutput =4
CPU time {ms): 30001 30001 30001 ;|
MPI time (ms): 16 16 16
CPU time (%) : 100 100 100

MPI time (%) a 4] L]
]
Iterations : 18630 18650 186350 J
points/second: 621.3M (621.3M per process) a Inea
wave finished j I\/] f I:)

Showing data from 1,000 samples taken over 1 process (1000 per process) [allinea Ultimate map-smoketest-scripts-5.0 0a3f65bcf767 Nov 7 2014 4




Optimizing a 1-D OpenMP/MPI1 Wave Equation Solver
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Our wave equation solver is put into production...

. o mpiexec -n 4 wave_c 8000 ) C | -
WVWN-M‘ b

4 processes, 1 node (4 physical, 8 logical cores per node)
I;r:IZCE)Et 17 17:00:27 2014 A . . .
Performance 9 seconds (e A breakdown of the 85.5% CPU time:
Reports

MF
2.1 Ghz CPU frequency

Single-core code 100.0% 1N

Summary: wave_c is CPU-bound in this configuration Scalar numeric ops 22 4% .
cru sosw [ T creck o CoU porormance secio o opimizaon s Vector numeric ops 0.0% |

Time spent in MPI calls. High values are usually bad.
MPI 11.4% . This is very low: this code may benefit from increasing the process count.
P~ Time spent n flesystem O High values ars usually bad Mgmnry accesses T7.604 -

This is negligible; there's no need to investigate 1/O performance.

This application run was CPLU-E i. A breakdown of this time and advice for investigating further is in the CPL section below.

As very little time is spent in MPI calls, this code may also benefit from running at larger scales. The per-cﬂ-re pe”ﬂrmance is mEmﬂr}I’-hUUnd. USE a prﬂﬂler t{:} Il{jen[i'}f
time-consuming loops and check their cache performance.

]
CPU MPI

a I I I n E a Ao e - G e sk o e LR Mo time is spent in vectorized instructions. Check the compiler's
Single-core code 100.0% Time in collective calls 11% % i & .
Scolr rumaricaps 22.% %59m vectorization advice to see why key loops could not be vectorized.

|
Vector numeric ops  0.0% Effective process collective rate 317keis 1
Memory accesses  77.6% [ Effective process point-to-pointrate 269 kB/s R
The per-core performance is memory-bound. Use a profiler to identify Most of the time is spent in point-to-point calls with a very low transfer
time-consuming loops and check their cache performance. rale. This suggests load imbalance is causing synchonization overhead;

use an MPI profiler to investigate further

Mo time is spent in vectorized instructions. Check the compiler's
vectorization advice to see why key loops could not be vectorized M e m D ry
le} Threads

):’:::k:::;n of the 0.0% I/O time: . .[::z::i::m of how multiple threads were |;:ed PE r_p [(]EESS mem Dry UEa_gE may EI_lSU aﬁEGt S[:allng :

Time in writes 0.0% Synchronization 0.0% |

Effective process read rate  0.00 bytes/s Physical core utilization % (I M ME -
Elfcive process wia rate 0.0 bylesis Inveluniary e swiches persecond. 18 ean process memory usage 49.7

Mo time is spent in 110 operations. There's nothing to optimize here! No measurable time is spent in multithreaded code.
Peak process memory usage 53.6 ME |
Memory
Per-process memory usage may also affect scaling: A breakdown of how the total J energy was spent: k d r-yl g .
Mean process memory usage  49.7 MBI cPU % Pea nﬂ E memo usa E 24-[’%
Peak process memory usage  53.6 MB [N Acceleralors %

Peak node memary usage 240% A Peak power w

The pes nodk mermury US00e 6 Veryow, You ey be hieO1eoe isempumnr 1990 The peak node memory usage is very low. You may be able to reduce

the amount of allocation time used by running with fewer MPI processes

and more data an each process. The is responsible for all measured energy usage. Check the CPU the amnunt Df alluca‘tinn time used b':llr runnlng w|th fewer MFII prDCEESES

breakdown section 1o see if it is being well-used.

Note: system-level measurements were not available on this run, a n d ml:bl'e data 'I:II'I eac h p rDC ESS .
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