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Score-P: Scalable Performance Measurement Infrastructure
for Parallel Codes

* Project Home Page, Support List

— https://www.vi-hps.org/projects/score-p/
— support@score-p.org

» User Manual (v6.0)

— http://scorepci.pages.jsc.fz-juelich.de/scorep-pipelines/docs/scorep-6.0/html/
— On Summit: $SCOREP_DIR/share/doc/scorep/pdf/scorep.pdf

* OLCF Software Page

— https://www.olcf.ornl.gov/software package/score-p/
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Score-P Workflow

ﬁ SCOrep-score

1. Source code instrumentation
— automatic via compiler wrapper

Instrumentation

— manual instrumentation of interesting L

code regions Profile Run

2. Profiling runs Ll

— run in profiling mode Profile Analy3|s

— analyze profile results

- Opt'onal fllterlng Trace Run Reduce overhead and
trace size
3. Tracing runs S
_ . _ _ — Trace AnaIyS|S

—  set tracing configuration environment

— runin tracing mode

— analyze traces

—  repeat as desired for alternative configs
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Outline

« Case Study: Production application - LSMS
« Advanced manual code instrumentation

» Using hardware counters

* Analysis of large traces
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Case Study: LSMS
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Case Study: LSMS

* Production application

— used for Summit acceptance testing
* had input decks across a wide range of node counts

- C++ : always a challenge for instrumentation-based tools

* MPI + OpenMP + CUDA

— designed to fully exploit Summit node hardware
« 1 MPI process per GPU (6 per node)
« 7 OpenMP threads per process (using 7 cores)
« CUDA streams for every OpenMP thread
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LSMS - Step 1: Code Instrumentation

» Used prefix method in Makefile

1 problem encountered

— GPU code included <omp.h>, but OPARI instrumentation produced modified
source files that nvcc could not compile due to missing OpenMP methods

— Solution: use €--noopenmp --thread=none’ for nvcc compilations

OOOOOOOO
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LSMS - Step 2: Profiling Runs (2 node Fe case)

> scorep-score profile.cubex

Estimated aggregate size of event trace: 71GB
Estimated requirements for largest trace buffer (max_buf): 36GB
Estimated memory requirements (SCOREP_TOTAL_MEMORY): 36GB

(warning: The memory requirements cannot be satisfied by Score-P to avoid
intermediate flushes when tracing. Set SCOREP_TOTAL_MEMORY=4G to get the
maximum supported memory or reduce requirements using USR regions filters.)

flt type max_buf[B] visits time[s] time[%] time/visit[us] region
All 7 78R 242 RAS 2 QAR QA 814 724 K87 100 0 1 2R Al l
USR 37,757,439,432 2,906,899,498 3689.63 99.1 1.27 USR C++ strikes again!!
OMP 757,272 32,688 31.91 0.9 976.24 OMP
MPI 29,220 936 1.67 0.9 1781.03 MPI
COM 17,880 1,390 1.36 0.9 979.62 COM
SCOREP 41 2 0.00 0.9 232.46 SCOREP
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LSMS - Step 2: Profiling Runs (2 node Fe case)

> scorep-score -r profile.cubex | fgrep -v ALL | awk '$5 > 5.0 {print $0}"
Estimated aggregate size of event trace: 71GB

Estimated requirements for largest trace buffer (max_buf): 36GB

(warning: The memory requirements cannot be satisfied by Score-P to avoid
intermediate flushes when tracing. Set SCOREP_TOTAL_MEMORY=4G to get the
maximum supported memory or reduce requirements using USR regions filters.)

flt type max_buf[B] visits time[s] time[%] time/visit[us] region
USR 37,757,439,432 2,906,899,498 3689.63 99.1 1.27 USR
USR 22,486,328,384 1,729,717,541 262.36 7.0 9.15 dfv_m
USR 1,064,960,000 81,920,000 344.64 9.3 4.21 void bulirsch_stoer_integrator_(double*,

double*, double*, double*, int*, double*, std::complex<double>*, double*, double*, double*, double*, int*)

USR 66,560 5,120 1008.38 27.1 196948.52 void
zblock lu cuda_c_(std::complex<double>*, int*, int*, int*, int*, int*, int*, int*)

USR 66,560 5,120 1376.11 36.9 268770.57 void buildKKRMatrix(LSMSSystemParameters&,
LocalTypeInfo&, AtomData&, Complex, Complex, int, Matrix<std::complex<double> >&)

Most time spent in these two functions. Let’s create a focused filter to
eliminate extra 36GB of trace data per process.
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LSMS - Step 2: Profiling Runs (2 node Fe case)

> scorep-score profile.cubex -f lsms-scorep-region-filter.txt

Estimated aggregate size of event trace: 1537kB
Estimated requirements for largest trace buffer (max_buf): 769kB
Estimated memory requirements (SCOREP_TOTAL_MEMORY): 19MB

(hint: When tracing set SCOREP_TOTAL_MEMORY=19MB to avoid intermediate flushes

> cat lsms-scorep-region-filter.txt ) ) ) )
or reduce requirements using USR regions filters.)

SCOREP_REGION_NAMES_BEGIN

%
izgtﬁgi main flt type max_buf[B] visits time[s] time[%] time/visit[us] region
calculateTau* - ALL 37,758,243,845 2,906,934,514 3724.57 100.0 1.28 ALL
buildKKRMatrix* - USR 37,757,439,432 2,906,899,498 3689.63 99.1 1.27 USR
*cuda* - OMP 757,272 32,688 31.91 0.9 976.24 OMP
*$omp* - MPI 29,220 936 1.67 0.9 1781.03 MPI
MPT * - COM 17,880 1,390 1.36 0.0 979.62 COM
- - SCOREP 41 2 0.00 0.0 232.46 SCOREP

SCOREP_REGION_NAMES_END

* ALL 786,533 33,626  33.58 9.9 998.60 ALL-FLT
Eliminated + FLT 37,757,457,312[2,906,900,888 3690.99 99.1 1.27 FLT
37GB of - OMP 757,272 32,688 31.91 0.9 976.24 OMP-FLT
otential MPI 29,220 936  1.67 0.0 1781.03 MPI-FLT
trgce datall SCOREP 41 2 0.00 0.0 232.46 SCOREP-FLT
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LSMS - Step 2: Profiling Runs (2 node Fe case)

* Let’'s try CUDA
profiling!
- @

— Cause: TBD

CUDA Profiling Error (Region Exit Mismatch)

> cat stderr.txt

[Score-P] src/measurement/profiling/scorep_profile_event_base.c:188: Error: Inconsistent profile. Stop profiling:
Exit event for other than current region occurred at location 6: Expected exit for region 'cudalLaunchKernel'. Exited
region 'cudalaunchKernel'

[Score-P] src/measurement/profiling/scorep_profile_debug.c:223: Fatal: Cannot continue profiling. Activating core
files (export SCOREP_PROFILING_ENABLE_CORE_FILES=1) might provide more insight.

[Score-P] Please report this to support@score-p.org. Thank you.

[Score-P] Try also to preserve any generated core dumps.

[228n16:24662] *** Process received signal ***

[a28n16:24662] Signal: Aborted (6)

[228n16:24662] Signal code: (-6)

[a28n16:24662] [ 9]
[a28n16:24662] [ 1]
[a28n16:24662] [ 2]
[a28n16:24662] [ 3]
/sw/summit/scorep/6.
[a28n16:24662] [ 4]
/sw/summit/scorep/6.
[a28n16:24662] [ 5]
/sw/summit/scorep/6.
[a28n16:24662] [ 6]
/sw/summit/scorep/6.
[a28n16:24662] [ 7]
[a28n16:24662] [ 8]
/sw/summit/scorep/6.
[a28n16:24662] [ 9]
[a28n16:24662] [10]

[0x2000000504d8 ]
/1ib64/1ibc.so.6(gsignal+0x60)[0x20000a42fbf0]
/1ib64/1ibc.so.6(abort+0x18c)[0x20000a431f6C]

0/gcc-6.4.0/1ib/1libscorep_measurement.so.9(SCOREP_UTILS_Error_Abort+0x34)[0x20000803db54 ]
0/gcc-6.4.0/1ib/1libscorep_measurement.so.@(scorep_profile_on_error+0x284)[0x2000080151d4]
0/gcc-6.4.0/1ib/1libscorep_measurement.so.@(scorep_profile_exit+0xled)[0x200008013784]

0/gcc-6.4.0/1ib/1libscorep_measurement.so.9(SCOREP_Profile_Exit+0xf0)[0x20000800a530]
/sw/summit/scorep/6.0/gcc-6.4.0/1ib/1libscorep_measurement.so.0(+0x7ae04) [ 0x20000800ae04 ]

0/gcc-6.4.09/1ib/1libscorep_measurement.so.9(SCOREP_Location_ExitRegion+0xd0)[0x200007fe20d0]
/sw/summit/scorep/6.0/gcc-6.4.0/1ib/libscorep_adapter_cuda_mgmt.so.0(+0xc9dc)[0x20000855c9dc ]
/sw/summit/cuda/10.1.105/extras/CUPTI/1ib64/1ibcupti.so0.10.1(+0xef198)[0x200009891198]
0 G
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LSMS - Step 3: Tracing Runs (2 node Fe case)

* Using filter file

* Problem #1

Exhausted Score-P
memory buffer

» Solution

> cat stderr.txt

[Score-P] src/adapters/cuda/scorep_cupti4_activity.c:616:

for context 0x3ae04clo

[Score-P] src/adapters/cuda/scorep_cupti4_activity.c:616:

for context 0x1c33e840

[Score-P]

src/measurement/SCOREP_Memory.c:190: Error:

SCOREP_TOTAL_MEMORY=16384000 and try again.

[Score-P]
least 2MB
[Score-P]
locations
[Score-P]
[Score-P]
[Score-P]
[Score-P]
[Score-P]
[Score-P]
[Score-P]

export SCOREP_TOTAL_MEMORY=64M

src/measurement/SCOREP_Memory.c:194: Error:

available for each intended location.

src/measurement/SCOREP_Memory.c:198: Error:

in use in this failing process.
Memory usage of rank 1
Memory used so far:

Score-P runtime-management memory tracking:

Memory: Requested:

SCOREP_TOTAL_MEMORY [bytes]
SCOREP_PAGE_SIZE [bytes]

Number of pages of size SCOREP_PAGE_SIZE

No

No

No

Warning: [CUPTI
Warning: [CUPTI
free memory page
free memory page

free memory page

16384000
8192
2000

Activity] Reached maximum CUDA buffer size
Activity] Reached maximum CUDA buffer size
available: Out of memory. Please increase
available: Please ensure that there are at

available: Where there are currently 16
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LSMS - Step 3: Tracing Runs (2 node Fe case)

* Problem #2
Exhausted CUDA buffer

» Solution

export SCOREP_CUDA_BUFFER=32M

> cat stderr.txt

[Score-P] src/adapters/cuda/scorep_cupti4_activity.c:616: Warning: [CUPTI Activity] Reached maximum CUDA buffer size

for context ©x19864c30

[Score-P] src/adapters/cuda/scorep_cupti4_activity.c:616: Warning: [CUPTI Activity] Reached maximum CUDA buffer size

for context @x4adee860

[Score-P] src/adapters/cuda/scorep_cupti_activity.c:562: Warning:

timestamp! (CUDA device:stream [0:18])

[Score-P] src/adapters/cuda/scorep_cupti_activity.c:569: Warning:

sync-point time (truncate 0.0170%)

[Score-P] src/adapters/cuda/scorep_cupti_activity.c:396: Warning:

(438503093463291) < (438503093463306) last written timestamp!

[Score-P] src/adapters/cuda/scorep_cupti_activity.c:399: Warning:

CUdevice: @, CUDA stream ID: 26

[Score-P] src/adapters/cuda/scorep_cupti_activity.c:405: Warning:

sync-point time (truncate 0.0001%)

[CUPTI Activity] Memcpy: start time < last written
[CUPTI Activity] Set memcpy start time to

[CUPTI Activity] Kernel: start time

[CUPTI Activity] Kernel: 'volta_zgemm_32x32_nn',

[CUPTI Activity] Set kernel start time to

[Score-P] src/adapters/cuda/scorep_cupti4_activity.c:214: Warning: [CUPTI Activity] Dropped 302124 records. Current

buffer size: 1048576 bytes
To avoid dropping of records increase the buffer size!
Proposed minimum SCOREP_CUDA_BUFFER=28843984
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LSMS — Step 3: Tracing Runs (2 node Fe case)

' ® () @ W Trace View - /Users/mb3/Documents/NCCS/fs/stash/scorep/Ilsms/Isms-trace-scorep-20190726_1445_440800044394353/traces.otf2 - Vampir
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Timeline Function Summary
56s  58s 60 s 62s All Processes, Accumulated Exclusive Time per Function
: : = : 50s Os

[66T018"S™™™ 1$0mp for @calculateTauMatrix.cpp:522

19.635 s [ cudaEventSynchronize

13.785 s ! 1$omp for @energyContourintegration.cpp:303

13.109 s - void zblock_lu_cuda_c_(st..., int*, int*, int*, int*)
3.37 s [] cudaMemcpy

2.396s ! 1$omp for @energyContourintegration.cpp:365
1.56 s F cudaMemcpy2DAsync

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0
OMP thread 4:0
OMP thread 5:0
OMP thread 6:0

OMP thread 7:0 . 0.843 s || cudaEventRecord

CUDA[0:7]:0 5 0.753 s || cudaMemcpyAsync

CUDA[0:24]:0 0.674 s | '$omp implicit barrier ...culateTauMatrix.cpp:548
CUDA[0:18]:0 0.362 s | cudaLaunchKernel

CUDA[0:16]:0 i 0.261 s | MPI_Allreduce

CUDA[0:20]:0 0.16 s | !$omp implicit barrier ...tourIntegration.cpp:311
CUDA[0:28]:0 14.401 ms | cudaMemsetAsync

CUDA[0:22]:0 13.552 ms | cudaStreamWaitEvent

13.413 ms || !'$omp for @calculateDensities.cpp:222

9.235 ms | cudaGetLastError

7.766 ms | cudaEventQuery

: : 7.499 ms || '$omp implicit barrier ...tourlntegration.cpp:397
: . 1.173 ms | MPI_Send

All Processes, Exclusive Time per Function Group ! 175.26 ps | '$omp implicit barrier ...culateDensities.cpp:231

CUDA[0:26]:0
CUDA[0:14]:0
¥ Master thread:1

100 % 151.035 ps | !$omp for @energyContourintegration.cpp:257
75 %, 111.34 us | !$omp parallel @energy...ourlntegration.cpp:365
50 % 94.75 us || '$omp parallel @calculateTauMatrix.cpp:522
23: 85.377 ps || '$omp implicit barrier ...tourlntegration.cpp:194

78.678 us || !$omp for @energyContourintegration.cpp:139 SRR RIDGE
LEADERSHIP
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Advanced Manual Code Instrumentation
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Step 1: Manual Instrumentation - Source Code Region

C, C++ Fortran
#include <scorep/SCOREP_User.h> #include "scorep/SCOREP_User.inc"
void foo() { subroutine foo
SCOREP_USER_REGION_DEFINE( my region ) SCOREP_USER_REGION DEFINE( my region )
// more declarations I more declarations
SCOREP_USER_REGION_ BEGIN( my_region, "foo", SCOREP_USER_REGION_BEGIN( my_region, "foo",
SCOREP_USER_REGION TYPE COMMON ) SCOREP_USER_REGION_TYPE_COMMON )
// do something I do something
SCOREP_USER_REGION_END( my_region ) SCOREP_USER_REGION_END( my_region )
} end subroutine foo
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Step 1: Manual Instrumentation — Other Region Types

Phases Loops
#include <scorep/SCOREP_User.h> #include <scorep/SCOREP_User.h>
while (!done) { SCOREP_USER_REGION DEFINE( my loop )
SCOREP_USER_REGION DEFINE( my_phase ) SCOREP USER _REGION BEGIN( my_loop, ”omp_loop X",

SCOREP_USER_REGION_TYPE_LOOP )
// more declarations

SCOREP_USER_REGION_BEGIN( my_phase, #pragma omp parallel for ..

»timestep", SCOREP_USER_REGION_TYPE_PHASE ) for (i=0; i < n_iter; i++) {
do_iteration(..);

do_timestep(..); }

SCOREP_USER_REGION_END( my_phase ) SCOREP_USER_REGION_END( my_loop )
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Step 1: Manual Instrumentation — MiniWeather Example

> udiff miniWeather_mpi_openmp.cpp miniWeather_mpi_openmp-scorep.cpp

--- miniWeather_mpi_openmp.cpp 2019-07-15 14:00:34.716710000 -0400

+++ miniWeather_mpi_openmp-scorep.cpp 2019-08-06 12:49:59.510846000 -0400
@@ -13,6 +13,8 @@

Define
“timestep”
phase

Define
“discrete_step™
loop

#include <mpi.h>
#include "pnetcdf.h"

+#include <scorep/SCOREP_User.h>

+

const double pi 3.14159265358979323846264338327; //Pi
const double grav 9.8; //Gravitational acceleration (m / s*2)
const double cp 1004.; //Specific heat of dry air at constant pressure

@@ -169,6 +171,8 @@

+
+

+

// qx* = qln] + dt/2 * rhs(gx )
/7 qln+1] = qln] + dt/1 * rhs(gx* )
void perform_timestep( double *state , double xstate_tmp , double *flux , double *tend , double dt ) {

SCOREP_USER_REGION_DEFINE(timestep_hdl)
SCOREP_USER_REGION_BEGIN(timestep_hdl, "timestep",SCOREP_USER_REGION_TYPE_PHASE)
if (direction_switch) {
//x-direction first
semi_discrete_step( state , state , state_tmp , dt / 3 , DIR_X , flux , tend );
-188,6 +192,7 @@
semi_discrete_step( state , state_tmp , state_tmp , dt / 2 , DIR_X , flux , tend );
semi_discrete_step( state , state_tmp , state , dt /1, DIR_X , flux , tend );
}
SCOREP_USER_REGION_END(timestep_hdl)
if (direction_switch) { direction_switch = @; } else { direction_switch = 1; }

-210,6 +215,8 @@
3

//Apply the tendencies to the fluid state
SCOREP_USER_REGION_DEFINE (step_hdl)
SCOREP_USER_REGION_BEGIN(step_hdl, "discrete_step", SCOREP_USER_REGION_TYPE_LOOP)
#pragma omp parallel for private(inds,indt,i) collapse(2)
for (11=0; 11<NUM_VARS; 11++) {
for (k=0; k<nz; k++) {
@@ -220,6 +227,7 @@

SCOREP_USER_REGION_END (step_hd1)
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Step 2: Manual Instrumentation — MiniWeather Profile

Restore Setting 5 Save Settings

oot oo

CubeGUI-4.4.3: scorep-20190806_1450_927558079542148/profile.cubex

Score-P Configuration Source © Info

K= . K= N

— = Call'ree _ | Flat view Metric : Total CPU allocation J§ Region name: <

1.22e8 Visits (occ) 0.00 miniWeather_mpi_openmp.scorep time ) compute_tendencies_z(doubl |§ &
0.11 main Display name : Time e*, double*, double*) <

0.00 Minimum Inclusive Time (sec) 4.47 init(int*, char***) Unique name : time Mangled name: ) 2
42.26 Maximum Inclusive Time (sec) = 96 o double*, double) Data type : DOUBLE -Z20compute_tendencies_zP
0 bytes_put (bytes) Unit of measurement : sec dsS_S_
0 bytes_get (bytes) Value : _ o
3.91e7 io_bytes_read (bytes) URL_: . Region description: 5
3.84e8 io_bytes_written (bytes) 2.13 semi_discrete_step(double®, double*, double*, dofill @Mirror@scorep_metrics-6.0 § Call path ID: 65 3
0 ALLOCATION_SIZE (bytes) -trunk.html#time Beginning line: 293 =

[ 126.34 set_halo_values_x(double*)

M ase sna PO 11 -

Kind of values : INCLUSIVE Ending line: undefined
Paradigm: compiler
Role: function

Source file: /autofs/nccs-
svm1_proj/gen110/profiler-

tools-workshoo/apbps/

» m 535.68 compute_tendencies_z(double*, double®, d VEIGILEIET LI Call path/Region Documentation

0 DEALLOCATION_SIZE (bytes)

0 bytes_leaked (bytes)

0.00 maximum_heap_memory_allocated (bytes)
1.11e6 ru_maxrss (210 Bytes)

1.20e8 ru_stime (10*-6 s)

1.21e9 ru_utime (10*-6 s)

5.84e9 bytes_sent (bytes)

5.84e9 bytes_received (bytes)

4.11 discrete_step
27.35 !$omp parallel @miniWeather_mpi_openn,
57.03 !$omp for @miniWeather_mpi_openmy
34.86 !'$omp implicit barrier @miniWeath

Convertible to data
Cacheable
Normal metric

EEEEEO000REO0ON O

0.00 2646.14 (100.00%) 2646.14)0.00 535.68 (37.22%) 1439.33




Step 3: Manual Instrumentation — MiniWeather Trace

® O @ WV Trace View - IUsers/mb3/Documents/NCCS/ststash/gen110-scorep-jobs/m|n|Weather—c— .orep/N4_P168/547658/scorep-20190806_1450_927656822762549/traces.otf2 - Vampir

ENRALEFROTERL2BE B 2 V.

5'777 s|lsiess s | |
__llll.78/88[ms . !

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0
OMP thread 4:0
OMP thread 5:0
OMP thread 6:0
OMP thread 7:0
OMP thread 8:0
OMP thread 9:0
OMP thread 10:0
OMP thread 11:0
OMP thread 12:0

Master thread:0

N O OabSs WN o

: 99 5920095 09 9D 595 69 509 o9 o8> 8P
>

Timeline

5.79s 5.80s 5.81s 5.82s 5.83s 5.84s

|!I!ll|l i

(N I8 [RE (0T 00 R
L ll!ﬂ”llllIl!||!!!lll!ll‘||!‘!|llIlll!l!l D000 0

O 101 R0 A OO RO
M R0 1) NER00 01011000 00 AR RO OO
M R0 G 01O AR A VO
O 1RV 1080010100 00 A T 1
O 10 000100 1 O OO 1O
W IR0} 100 O OO A 0 R0
L ll!!"llllllll‘llllllU!IIVlllllllllIlllllllllll”l|' i 'I||||'|l fill

LI II!EII|I!lllllll!l!llll!ll!llllll[lllllll||l||l|ll||||||lllll ||||I|l|| I
lllll! |IIEI||I!llllll]!l!lI!l!ll!lllllllllllll!ll!lllllllull\lllll! !lllllllllllll

Lots of consecutive
“timestep” phases

EJIES Function Summary
5.85s All Processes, Average Inclusive Time per Function
: Oms

_ output(double*, double)
8.213 ms MPI_Comm_dup
5.086 I'E MPI_File_open
1.4 P1_Allr.

Average time (inclusive)
| 953.531ps | timestep | Gy ”
NPT Tecioss per “timestep” phase

457.845 us || MPI_File_write_at_all
214.339 s || MPI_Comm_free
158.498 us | semi_discrete_step(double*, d...ouble, int, double*, double*)
147.042 us | MPI_File_write_at
105.569 ps | compute_tendencies_z(double*, double*, double®)
90.825 us | compute_tendencies_x(double*, double®*, double*)
79.852 us | MPI_File_set_view
72.085 us | set_halo_values_x(double*)
69.873 us | !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:299
69.199 us | !$omp for @miniWeather_mpi_openmp-scorep.cpp:299

g 64.368 us | !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:244
63.694 us | !$omp for @miniWeather_mpi_openmp-scorep.cpp:244
Context View

PO 21 < - Process Timeline EJ
Property Value

Display Process Timeline

Type Function

Location Master thread:0

Function [ semi_discrete_step(double*, double*, double*, double, int, doubl

Function Group [l Application

Interval Begin 5.803026 s

Interval End 5.803161s RIDGE Skwinee
Duration 135.259742 us LEADERSHIP

5.8255s
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Step 1: Automatic Library Wrapping

« HPC applications often use community/vendor libraries
— only have headers and precompiled libraries on HPC systems
— Q: How to profile/trace their usage?

» Score-P makes it easy to wrap any C/C++ library
— automatically processes library header files
— requires configuration of Score-P with libclang support

» See User Manual - Appendix | for detailed steps
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Using Hardware Counters
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Using CPU Hardware Counters

* export SCOREP _METRIC PAPI=<ctr_name>,<ctr_name>,..
— works in both profiling and tracing modes

* papi avail and papi native avail list the counters
— only those marked “YES” are available on platform

- Used: PAPI FP_OPS, PAPI L2 DCM, PAPI L2 ICM
— failed: PAPlI_DP_OPS (even though reported as available)
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Using CPU Hardware Counters — Profile (FP_OPS)

Restore Setting , Save Settings

CubeGUI-4.4.3: scorep-20190806_1651_931448366123160/profile.cubex

Absolute

IR0 000000 ®

} Metric tree
1.22e8 Visits (occ)
3224.38 Time (sec)
0.00 Minimum Inclusive Time (sec)
46.99 Maximum Inclusive Time (sec)
0 bytes_put (bytes)
0 bytes_get (bytes)
3.91e7 io_bytes_read (bytes)
3.84e8 io_bytes_written (bytes)
0 ALLOCATION_SIZE (bytes)
0 DEALLOCATION_SIZE (bytes)
0 bytes_leaked (bytes)
0.00 maximum_heap_memory_allocated

3.53e9 PAPI_L2_DCM (#)
1.11e9 PAPI_L2_ICM (#)
1.12e6 ru_maxrss (20 Bytes)

2.39e8 ru_stime (10*-6 s)
1.18e9 ru_utime (10*-6 s)
5.84e9 bytes_sent (bytes)
5.84e9 bytes_received (bytes)

9.43e11 (100.00%)

m—

B3 } Call tree

| L | Fatview |

136 miniWeather_mpi_openmp.scorep
1.09e6 main
7.61e7 init(int*, char***)
1.10e8 output(double*, double)
4.71e11 timestep
64 MPI_Finalize
5.04e6 timestep

1.38e7 semi_discrete_step(double®, double*, double*, double, int, double*, double*)

4.53e8 set_halo_values_x(double*)
5.83e6 compute_tendencies_x(double*, double*, double*)
6.91e7 !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:244
O 2.09e11 !$omp for @miniWeather_mpi_openmp-scorep.cpp:244
6.91e7 !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:275
1.74e10 !$omp for @miniWeather_mpi_openmp-scorep.cpp:275
1.76e10 discrete_step
1.88e8 set_halo_values_z(double*)
5.83e6 compute_tendencies_z(double*, double*, double*)
6.91e7 !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:299
» ® 2.06e11 !$omp for @miniWeather_mpi_openmp-scorep.cpp:299
6.91e7 !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:330
1.95e10 !$omp for @miniWeather_mpi_openmp-scorep.cpp:330

2.06e11 (43.77%)

" System tree

[Biatistics ESunburst

O 0 machine summit.ccs.ornl.gov
[0 5.16e10 node d08n03
O 0 node d08n04
[0 2.58e10 MPI Rank 2
O O MPIRank 3

ENEEEEEEE NN RN N

1.41e9 Master thread
1.28e9 OMP thread 1
1.28e9 OMP thread 2
1.28e9 OMP thread 3
1.28e9 OMP thread 4

1.28e9 OMP thread 6

1.28e9 OMP thread 7

1.28e9 OMP thread 8

1.28e9 OMP thread 9

1.28e9 OMP thread 10
1.28e9 OMP thread 11
1.28e9 OMP thread 12
1.28e9 OMP thread 13
1.28e9 OMP thread 14
1.28e9 OMP thread 15
1.28e9 OMP thread 16
1.28e9 OMP thread 17
1.28e9 OMP thread 18
1.28e9 OMP thread 19

[0 5.16e10 node d08n05

[ EACA1N nada ANOnNE

All (160 elements) -

1.28e9 (0.62%)

[Ptocess x Thread
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Using CPU Hardware Counters — Profile (L2_DCM)

CubeGUI-4.4.3: scorep-20190806_1651_931448366123160/profile.cubex
Restore Setting o Save Settings

Absolute 5 Absolute 4 Absolute -
* | Metric tree Calltree Im Systemtree W SO0 ESunburst Ptocess x Thread

1.22e8 Visits (occ) 1.14e4 miniWeather_mpi_openmp.scorep O 0 machine summit.ccs.ornl.gov
3224.38 Time (sec) 1.13e6 main O 2.75e6 node d08n03
0.00 Minimum Inclusive Time (sec) 1.77e7 init(int*, char***) 0 0 node d08n04
46.99 Maximum Inclusive Time (sec) 3.52e7 output(double*, double) @ 1.85e6 MPI Rank 2
0 bytes_put (bytes) 1.74e9 timestep 0 0 MPIRank 3
0 bytes_get (bytes) 7640 MPI_Finalize 6.33e4 Master thread
3.91e7 io_bytes_read (bytes) 2.85e6 timestep 8.67e4 OMP thread 1
3.84e8 io_bytes_written (bytes) 1.42e7 semi_discrete_step(double*, double*, double*, double, int, double*, double*) 3.69e4 OMP thread 2
0 ALLOCATION_SIZE (bytes) [@ 4.10e8 set_halo_values_x(double*) 1.87e4 OMP thread 3
0 DEALLOCATION_SIZE (bytes) 3.76e7 compute_tendencies_x(double*, double*, double*) 2.15e4 OMP thread 4
0 bytes_leaked (bytes) 1.81e7 !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:244
0.00 maximum_heap_memory_allocated E 2.27e8 !$omp for @miniWeather_mpi_openmp-scorep.cpp:244
9.43e11 PAPI_FP_OPS (#) v

8.34e7 !$omp for @miniWeather_mpi_openmp-scorep.cpp:275
1.11e9 PAPI_L2_ICM (#) [0 4.09e8 discrete_step
1.12e6 ru_maxrss (2*10 Bytes) 9.42e7 set_halo_values_z(double*)
2.39e8 ru_stime (10%-6 s) 3.34e7 compute_tendencies_z(double®, double*, double*)
1.18e9 ru_utime (10*-6 s) 1.82e7 !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:299
5.84e9 bytes_sent (bytes) [d 2.40e8 !$omp for @miniWeather_mpi_openmp-scorep.cpp:299
5.84e9 bytes_received (bytes) 1.39e7 !$omp parallel @miniWeather_mpi_openmp-scorep.cpp:330
1.26e8 !$omp for @miniWeather_mpi_openmp-scorep.cpp:330

5.22e4 OMP thread 6
1.49e4 OMP thread 7
5.26e4 OMP thread 8
3.34e4 OMP thread 9
6.70e4 OMP thread 10
5.05e4 OMP thread 11
9.17e4 OMP thread 12
8.38e4 OMP thread 13
1.81e5 OMP thread 14
2.28e5 OMP thread 15
1.28e5 OMP thread 16
1.18e5 OMP thread 17
5.86e4 OMP thread 18
1.79e4 OMP thread 19
[0 3.10e6 node d08n05

9 E2%8 nada AdNOnNE

All (160 elements)

0 3.53e9 (100.00%) 3.53e90 1.17e7 (0.65%) 3.97e4 (0.34%)
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Using NVIDIA GPU Hardware Counters

* export SCOREP_CUDA ENABLE=kernel,kernel counter,..
— enables fixed set of kernel counters

 Other interesting CUDA_ ENABLE options

sync Record implicit and explicit CUDA synchronization
idle GPU compute idle time
pure_idle GPU idle time (memory copies are not idle)

gpumemusage Record CUDA memory (de)allocations as a counter
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Using NVIDIA GPU Hardware Counters

® [ ] W Trace View - /Users/mb3/Documents/NCCS/fs/stash/gen110-acceptance-jobs/LSMS3/Fe/Run_Archive/latest/scorep-20190806_1734_932785068916189/traces.otf2 - Vampir
|3 ‘ po= eee = - s o |eavezarsReatess
ErRALEBERE O TERLSE & 2 v RSN SN I —

Timeline
24.635s

Function Summary
All Processes, Accumulated Exclusive Time per Function
0.25s 0.00s

_ void zblock_lu_cuda_c_(std::complex...int*, int*, int*, int*, int*, int*)
45.927 ms E 1$omp for @energyContourintegration.cpp:365
29.948 ms E 1$omp implicit barrier @calculateTauMatrix.cpp:548

27.183 ms| | GPU IDLE

24.625 s

24.630 s 24.640 s 24.645s

¥ Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0

OMP thread 4:0 643.504 us ﬂ 1$omp for @calculateTauMatrix.cpp:522

OMP thread 5:0 3.336 ps | 1$omp parallel @energyContourintegration.cpp:365
OMP thread 6:0 1.727 us| 1$omp parallel @calculateTauMatrix.cpp:522

OMP thread 7:0

CUDA[0:71:0 | GPUIDLE Context View

CUDA[0:20]:0

CUDA[0:18]:0 Property Value

CUDAI0:16]:0 Display Master Timeline
Val of Metric "block E id" Ti E' # Type Message
Ma utes " dr.IC OCKS_per_gri over [ime in Message Type RMA Put
ouptesa B I Sl Origin CUDA0:16]:0

ad L ¢ dynamic_shared_mem Destination Master thread:0

OMP thread 2:0 Adiust Bar Height t > local_mem_total B ——
OMP thread 3:0 IRl nlzli st Communicator CUDA WINDOW (49)

registers_per_thread

OMP thread 4:C  Reset Horizontal Zoom 3R | | static_shared_mem Tag 0

OMPthread 5:0 Reset Vertical Zoom  {*3R| | threads_per_block Start Time  24.625228 s

g:g ::::: :: Customize Metrics... Aesd sl Gl Arrival Time ~ 24.625244 s

CUDA[0:7]:0 Options 2 S — Duration 15.51953 ps :
CUDAIO:261:0  Export Image... A R Size 456.890625 KiB |
CUDAID:201:0  pe—— | Co-29€ Transfer Times DataRate  28.075906 GiB/s |

ooo NN

0.0

0.3

Message Volume in Transit
Number of Hits

Number of Invocations
Simultaneous Messages
Time Spent in MPI_Wait

OAK RIDGE
LEADERSHIP
COMPUTING FACILITY

|
!



Large Trace Analysis
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Analyzing Large Traces — Problem #1

* 128 node LSMS trace

— ~11,000 processes/threads

* Problem:

Vampir client limits number
of processes/threads to
1024

Your current software license permits trace
files with up to 1024 concurrent threads of
execution.

Please, adjust the trace file size to stay
within this limit (see the manual of your
program monitor for further details) or
contact service@vampir.eu for a license

upgrade.
" Load Different File
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Analyzing Large Traces — VampirServer

Use Vampir Client + Server

If your local computer is too slow, runs out of memory, or you want to analyze large traces using an HPC system,

¢ S O I u tl O n : Va m p I rS e rve r Vampir's client+server approach is the right way. Loading the module vampir onany OLCF system prints
( pa ra I I e I tra Ce a n a I yS i S) instructions on how to use Vampir in client+server mode.

Titan, Eos, Rhea Summit

$ module load vampir
Run VampirServer via
$ vampirserver start -- -P [-q ] [-w ]

([ J On Summit, usage iS and follow the instructions provided by this script.
documented when TR T TR R
loading vampir module oot seruer start b vour orejec 1a

Launching VampirServer...

[..]

User: your_user_name

Password: random_password

VampirServer <4193> listens on: h41nl0:30081

At the moment, forwarding ports to Summit is not available. Therefore you have to start the Vampir client on
the login node via vampir, and connect to the server via Open Other -> Remote File, where you put in the

above connection details.
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Analyzing Large Traces — VampirServer on Summit

> modld vampir
Run VampirServer via

$ vampirserver start -- -P <projid> [-q <queue>] [-w <walltime>]
and follow the instructions provided by this script.

Run the Vampir GUI remotely via X-forwarding
$ vampir &
login3 /gpfs/alpine/gen110/proj-shared/summit-acceptance-apps/summit/LSMS3/Fe_n128/1565104639.4189284/workdir]
> vampirserver start -- -P STF@10
Launching VampirServer...
Submitting LSF batch job (this might take a while)...
Warning: more than 1 task/rank assigned to a core
VampirServer 9.5.0 (c263a57)
Licensed to ORNL
Running 4 analysis processes... (abort with vampirserver stop 3906)
User: mjbrim
Password: 8W+V9NoyMWb2
VampirServer <3906> listens on: gl18n@4:30070
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Analyzing Large Traces — VampirServer

N Xxterm

DefApps:

Reminder: The 90-day purge policy for the Alpine GPFS filesystem will be enabled on July 30, 2019, Once enabled, any file over the purge thre
will be eligible for deletion (even if that file was created before July 30),

loginG ©
> module load vampir
Run YampirServer via
$ vampirserver start —— -P <projid> [-q <queue>] [-uw <walltime>]
and follow the instructions provided by this script,

Run the Yampir GUI remotely via ¥-forwarding
$ vampir &
login% *
> echo $DISPLAY
localhost:16,0
login% ©
> vampir &
[1] 13157
login% *
> Warning: The permitted number of open files per process is below 1124 on
your system, VampirServer's reading performance depends on this
value, Please, consider increasing it with the "ulimit -n" command,

[1]+ Done vampir

login% *

> vampir &

[1] 19855

login% *

> Warning: The permitted number of open files per process is below 1124 on
your system, VampirServer's reading performance depends on this

value, Please, consider increasing it with the "ulimit -n" command,

date

{Tue Aug 6 16301357 EDT 2019
4logind “

> echo "20% loaded B ${date)"

20% loaded @ Tue Aug 6 16:06:11 EDT 2019
login% *

> echo "75% loaded B ${date)"

752 loaded @ Tue Aug 6 16:20:28 EDT 2019
login% *

>

N\ Trace View - Default:/gpfs/al...3075/traces.otf2 * - Vampir
File Edit Chart Filter Window Help

Note: Loading large traces can take
a *long* time.

J (stop &show Ry




Analyzing Large Traces — VampirServer — Problem #2

N\ Trace View - Default:/gpfs/al...3075/traces.otf2 - Vampir
r . File Edit Chart Filter Window Help

= I 1 I H— . - ! I
. % . EvRELEROTERE2S1E B AV b
Vamplrserver JOb tlmed- Timeline Function Summary
out soon after |Oading 0s 200 s | All Processes, Accumulated ExclusivsoQ
completed (default job ® X| Socket Error
Iength s 30 minUteS) 0 Server closed connection
‘ OK ’ - Context View
. . N ——— T 3Ce Info X -+
* Solution: oot .
use “-w <minutes>” to e ]
specify longer walltime ( >
Function Legend
Application ’ 2
CUDA
- CUDA _FLUSH

CUDA_KERNEL
~ 4 CLINA_SVAIC b’
Successfully loaded trace Connected: Default




Step 3: Analyzing Large Traces — VampirServer — Success

N xterm
Reminder: The 90-day purge policy for the Alpine GPFS filesystem will be enabled on July 30, 2019, Once enabled, any file over the purge thre
will be eligible for deletion {even if that file was created before July 30),
loginG : -
> module load vampir X\ Trace View - Default:/gpfs/alpine/gen110/proj-shared/su...-20190806_1136_921652234193075/traces.otf2 * - Vampir
Run VanpirServer via File Edit Chart Filter Window Help
$ vampirserver start -- -P <projid> [-q <queue>] [-w <walltime>] = = = = = =
and follow the instructions provided by this script, & z T e - - é E = |Os | S W G T l‘W W = W = W— "—355 s
T = i= = % ) & Mf-]!“ u%% IM[.-V g ; - W‘- i Fﬂ
Run the Yampir GUI remotely via X-forwarding E E a u—’ r‘ Ei 3 e “t - E % ) - _I ‘I *35—4‘505‘5
$ vampir & Timeline AlX Function Summary
loging 0s 50 s 100 s 150 s 200s 250's 300 s 350s | All Processes, Accumulated Exclusive Time per Function
> echo $DISPLAY : . ; ; : ; : Do 0s
localhost ;16,0 .
loging » node go9n13 : !'$omp for @calculateTauMatrix.cpp:522 =
%ﬁa?gigﬁ » node g09n14 i 152,186.19 s [ cudaEventSynchronize
Toging ~ » node go9n1s 119,234.847 s [l void zblock_lu_cuda_c_(s... int*, int¥, int*, int*)
> Warning: The permitted number of open files per process is below 1124 on » node g09n16 99,505.951 s - MPI_Allreduce
your system, VampirServer's reading performance depends on this —- . . s . . N
value, Please, consider increasing it with the "ulimit -n" command, » node g09an17 92,192.169 s [I] 1$omp implicit bame---|ateTaUMat.”X~Cpp-548
» node g09n18 47,391.702 s E 1$omp for @energyCon...rintegration.cpp:303
51]‘_' sﬂgne vanpir » node g10n01 22,466.264 s | cudaMemcpy
>03;:pir & » node g10n02 21,969.161 s [] 1$omp for @energyCon...rintegration.cpp:365
El].lgSES » node g10n03 12,782.911s H cudaMemcpy2DAsync
ogin!
> Warning: The permitted number of open files per process is below 1124 on » node g10n04 6.651.08 s I MPI_Recv
your system, YampirServer's reading performance depends on this » node g10n05 5,675.632 s ﬂ cudaMemcpyAsync
value, Please, consider increasing it with the "ulimit -n" command, de q10n06 5,303.011s u cudaEventRecord
date » node g10n 4,772.363 5 | 1$50mp implicit barri Integrati 311
Tue Aug 6 16301357 EDT 2019 » node g10n07 e | *3omp Implicit barrier...ourintegration.cpp:31L [
loging i .
> echo "20% loaded @ $(date)" » node g10n08 Context View
20% loaded @ Tue Aug 6 16:06:11 EDT 2019 » node g10n09 = | i Trace Info X |
loging * » node g10n10 = .
> echo "75% loaded @ $(date)" 9 Property Value F-
752 loaded @ Tue Aug 6 16320328 EDT 2019 » node g10n1l - " .
loginG » node g10n12 File Default:/gpfs/alpine/gen110/proj-shared/summ
> echo "100% loaded @ ${date)" Creat S P 6.0-trunk
1002 loaded @ Tue Aug 6 16:26:40 EDT 2019 » node g10n13 reator core-F 6.0-trun
;0 in5 » node g10n14 Version 2.2
» node g10n15 Number of Processes
» node g10n16 Timer Resolution 1.953125 ns
> node g10n17 File Substrate POSIX
» node g10n18 .
» node g11n01 Trace Compression NONE
» node g11n02 Trace ID 9411bf209c97cla8
» node g11n03 Trace Properties
» node g11n04 ATEA L AAL ~AR AL A b 3 b
» node g11n05 i
Function Legend
» node g11n06 Application <
» node g11n07 CUDA
» node g11n08 CUDA_FLUSH
» node g11n09 gggﬁ—g\szgﬁ
» node g11n10 MPI
» node g11nll Monitor
¢ omp OAK RIDGE
» node g11n12 LEADERSHIP
H OMP_LOOP
: : : : I OMP PARALLEL COMPUTING FACILITY
4 4 AMD_CVRIC b

Connected: Default




Questions?
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