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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

1. Source code instrumentation
– automatic via compiler wrapper
– manual instrumentation of interesting 

code regions

2. Profiling runs
– run in profiling mode
– analyze profile results
– optional filtering

3. Tracing runs
– set tracing configuration environment
– run in 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
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LSMS – Step 2: Profiling Runs (2 node Fe case)

C++ strikes again!!
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LSMS – Step 2: Profiling Runs (2 node Fe case)

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)

Eliminated 
37GB of 
potential 

trace data!!
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LSMS – Step 2: Profiling Runs (2 node Fe case)

• Let’s try CUDA 
profiling!
– 💣

– Cause: TBD
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LSMS – Step 3: Tracing Runs (2 node Fe case)

• Using filter file

• Problem #1
Exhausted Score-P 
memory buffer

• Solution
export SCOREP_TOTAL_MEMORY=64M
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LSMS – Step 3: Tracing Runs (2 node Fe case)

• Problem #2
Exhausted CUDA buffer

• Solution
export SCOREP_CUDA_BUFFER=32M
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LSMS – Step 3: Tracing Runs (2 node Fe case)
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Advanced Manual Code Instrumentation
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Step 1: Manual Instrumentation - Source Code Region

C, C++
#include <scorep/SCOREP_User.h>

void foo() { 

SCOREP_USER_REGION_DEFINE( my_region ) 

// more declarations

SCOREP_USER_REGION_BEGIN( my_region, "foo", 
SCOREP_USER_REGION_TYPE_COMMON )

// do something

SCOREP_USER_REGION_END( my_region )

} 

Fortran
#include "scorep/SCOREP_User.inc"

subroutine foo

SCOREP_USER_REGION_DEFINE( my_region )

! more declarations

SCOREP_USER_REGION_BEGIN( my_region, "foo", 
SCOREP_USER_REGION_TYPE_COMMON )

! do something

SCOREP_USER_REGION_END( my_region )

end subroutine foo 
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Step 1: Manual Instrumentation – Other Region Types

Phases
#include <scorep/SCOREP_User.h>

while (!done) {

SCOREP_USER_REGION_DEFINE( my_phase ) 

// more declarations

SCOREP_USER_REGION_BEGIN( my_phase, 
”timestep", SCOREP_USER_REGION_TYPE_PHASE )

do_timestep(…);

SCOREP_USER_REGION_END( my_phase )

} 

Loops
#include <scorep/SCOREP_User.h>

SCOREP_USER_REGION_DEFINE( my_loop ) 

SCOREP_USER_REGION_BEGIN( my_loop, ”omp_loop_X", 
SCOREP_USER_REGION_TYPE_LOOP )

#pragma omp parallel for …
for (i=0; i < n_iter; i++) {

do_iteration(…);
}

SCOREP_USER_REGION_END( my_loop )
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Step 1: Manual Instrumentation – MiniWeather Example

Define 
“timestep” 

phase

Define 
“discrete_step” 

loop
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Step 2: Manual Instrumentation – MiniWeather Profile
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Step 3: Manual Instrumentation – MiniWeather Trace

Average time (inclusive) 
per “timestep” phase

Lots of consecutive 
“timestep” phases
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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 I 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: PAPI_DP_OPS (even though reported as available)
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Using CPU Hardware Counters – Profile (FP_OPS)
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Using CPU Hardware Counters – Profile (L2_DCM)
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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
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Using NVIDIA GPU Hardware Counters
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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



30 Presentation name

Analyzing Large Traces – VampirServer

• Solution: VampirServer
(parallel trace analysis)

• On Summit, usage is 
documented when 
loading vampir module
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Analyzing Large Traces – VampirServer on Summit
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Analyzing Large Traces – VampirServer

Note: Loading large traces can take 
a *long* time. 
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Analyzing Large Traces – VampirServer – Problem #2

• Problem:
VampirServer job timed-
out soon after loading 
completed (default job 
length is 30 minutes)

• Solution:
use “-w <minutes>” to 
specify longer walltime
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Step 3: Analyzing Large Traces – VampirServer – Success
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Questions?


