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Efficient programming on HPC architectures is difficult because
we have to deal with:

▶ diverse systems
▶ complex hardware architecture , memory hierarchies, cpus,
multiple filesystems(local, parallel fs)

▶ network topologies
▶ accelerators
▶ parallel paradigms
▶ software builds

It is essential to measure performance in order to optimise:
▶ Developers: compiler options, parallelization, communication, ...
▶ Users: choose the best build, library, software, scalability, ...
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Profiler is a software that gets metrics on source execution,
without addition of timers in source code.
Serial Profilers

▶ One can find detailed time spent in code procedures, i.e. How
many times a procedure was called, average time per call, total
time spent in procedure, from which point in source was called etc.

▶ Standard Unix profiler gprof and its variants, for example sprof.
▶ Compiler specific profilers, like vtune for Intel compilers or pgprof
for PGI.

MPI
▶ mpiP: Traces MPI calls and gives performance indicators, possible
bottlenecks etc. OpenSource, Works with any compiler and MPI
implementation.

4/41 Prace PTC, GRNET, 11 - 12 Dec. 2018 www.prace-ri.eu



▶ MPI implementations profilers , for example OpenMPI VampirTrace.
Hybrid MPI,OpenMP,Threads Profilers

▶ scalasca: Traces MPI calls, as well as OpenMP calls, provides
detailed information, timing information per thread, task, node, code
line. Graphical Interface to explore profile information.

Other mainly commercial profilers,debuggers, for example DDT
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Performance Metrics

What to measure;
Execution time

▶ Wall-clock (computation, I/O, system)
▶ CPU time
▶ non-deterministic average measurement...

Number of call functions, time spent in the calls
CPU cycles per instruction
FLOPs
Number of messages, size, bytes transmitted ...
Energy to solution
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Performance Factors

Serial factors
▶ Computations (algorithm, compilation optimizations)
▶ Cache & Main memory (architecture, fine-tuning)
▶ I/O
▶ Hardware

Parallel factors
▶ Partitioning, Distribution
▶ Communication (message passing)
▶ Multithreading, Load balancing, Amdahl’s Law
▶ Synchronization/ Locking
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Performance is an iterative process
Measure is better than guess
Find bottlenecks, hot spots
Compare alternatives
Validate the results!
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Hot Spot
An area of code within the program that uses a disproportionately high
amount of processor time.

Bottleneck
An area of code within the program that uses processor resources
inefficiently and therefore causes unnecessary delays.
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When to Stop ?

Procedure CPU Time
main() 13%
procedure1() 17%
procedure2() 20%
procedure3() 50%

A 20% increase in the performance of procedure3() results in a
10% performance increase overall
A 20% increase in the performance of main() results in only a
2.6% performance increase overall.
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When to Stop ?
Amdahl’s law states that speedup = 1

P
N+S

P = parallel fraction, N = number of processors, S = serial fraction
It soon becomes obvious that are limits to the scalability of
parallelism

”Famous” quote: You can
spend a lifetime getting 95%
of your code to be parallel,
and never achieve better
than 20x speedup no matter
how many processors you
throw at it!

11/41 Prace PTC, GRNET, 11 - 12 Dec. 2018 www.prace-ri.eu



Measuring execution time without source code

time
time ./a.out
real 0m32.658s
user 0m32.628s
sys 0m0.002s
date
start=$(date +”%s”)
.a/out
end=$(date +”%s)
echo $(($end-$start))
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Time (parallel program)

OMP_NUM_THREADS=2 time ./mmm

5.45user 0.01system 0:02.75elapsed 198%CPU
(0avgtext+0avgdata 25128maxresident)k
0inputs+0outputs (0major+2280minor)pagefaults 0swaps

”user” time is keeping cpus busy
percentage of CPU usage is 200% ?
there is no I/O
no page faults
maximum resident set size of the program
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Measure execution time within program

Fortran 90
integer :: counti, countf, count_rate
real :: dt
call system_clock (counti,count_rate)
... work ....
call system_clock (countf)
dt=REAL(countf-counti)/REAL(count_rate)
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C

static double get_second (void){\newline
struct timeval tv;
gettimeofday(&tv, NULL);
return (double)tv.tv_sec +

(double)tv.tv_usec / 1000000.0; } //1.e6

start = get_second();
...work...
stop = get_second();
double totaltime = stop - start;
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MPI, openMP

double precision :: t1,t2,dt
...
t1 = MPI_WTIME()
... work ...
t2 = MPI_WTIME()
deltat = t2-t1

double t1, t2;
t1 = MPI_WTIME();
...work...
t2 = MPI_WTIME();
deltat = t2-t1;

openMP t1 = omp_get_wtime()
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Profiling using Gprof

Profiling allows you to learn where your program spent its time and
which functions called which other functions while it was executing

gprof GNU Profiler
sourceware.org/binutils/docs/gprof/
only user space (no information on library routines eg. BLAS,
MKL, ...)
not for parallel programming
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Gprof

Setup Compile and Link

gcc [flags] -g <source file> -o <output file> -pg

Error
gprof: gmon.out file is missing call-graph data

18/41 Prace PTC, GRNET, 11 - 12 Dec. 2018 www.prace-ri.eu



Gprof

gprof options [executable-file
[profile-data-files...]] [> outfile]

Output parameters
▶ -b doesn’t print the verbose blurbs
▶ -p print a flat profile
▶ -p<func name> function specific
▶ -P suppress flat profile
▶ -q, -Q call graph only

Analyze parameters
▶ -a : suppress the printing of statically declared (private) functions.
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Gprof

gcc -Wall -pg test_gprof.c -o test_gprof

gprof test_gprof gmon.out > analysis.txt
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Gprof
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Gprof

gprof -P -b test_gprof gmon.out

shows relations between subroutines and functions and time used.
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Intel VTune I

Intel’s VTune profiling tool for scalar, multi-threaded (and MPI...)
applications
http://software.intel.com/en-us/
intel-vtune-amplifier-xe

Although VTune can be used with MPI programs, its functionality
is aimed at analysing multi-threaded programs.
best used in interactive environment.
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Intel VTune II

User Interface
amplxe-gui

Command Line
amplxe-cl
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Command Line Environment

amplxe-cl -help

amplxe-cl -help collect

amplxe-cl -collect hotspots -result-dir mydir
home/test/sample

amplxe-cl -R summary -r mydir
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Intel VTune

Available parameters
advanced-hotspots: Advanced Hotspots
bandwidth: Bandwidth
concurrency: Concurrency
hotspots: Basic Hotspots
locksandwaits: Locks and Waits

26/41 Prace PTC, GRNET, 11 - 12 Dec. 2018 www.prace-ri.eu



Intel VTune

amplxe-gui r000hs/r000hs.amplxe

27/41 Prace PTC, GRNET, 11 - 12 Dec. 2018 www.prace-ri.eu



Intel VTune
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Intel VTune
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Intel VTune
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Intel VTune

#!/bin/bash

#SBATCH --job-name=vtune
#SBATCH --partition=compute
#SBATCH --nodes=1
#SBATCH --cpus-per-task=16
#SBATCH --ntasks-per-node=1
#SBATCH --time=00:10:00

export OMP_NUM_THREADS=$SLURM_CPUS_PER_TASK

srun amplxe-cl -r myresult -quiet -collect advanced-
hotspots ./matrix.icc
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Scalasca

Scalable performance analysis of large-scale parallel applications
http://www.scalasca.org
Open source

ScoreP: instrumentation, mpi/shmem, openmp/pthreads hyrbid
Cube: Analysis report
Scalasca: trace analysis

module load scalasca
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Scalasca 2.x

scalasca

Toolset for scalable performance analysis of large-scale
parallel applications

usage: scalasca [OPTION]... ACTION <argument>...
1. prepare

application objects and executable for measurement:
scalasca -instrument <compile-or-link-command> # skin (

using scorep)
2. run application under control of measurement system:
scalasca -analyze <application-launch-command> # scan
3. interactively explore measurement analysis report:
scalasca -examine <experiment-archive|report> # square
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Summary Report I

(1) Instrumentation scorep
# compile AND link with scorep
MPIF77 = scalasca -instrument mpif77

Check scorep env
scorep-info config-vars –full
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Summary Report II

(2) Run scan (scalasca -analyze)
export
SCOREP_EXPERIMENT_DIRECTORY=scorep_bt-mz_W_4x4_sum
scan mpirun -np 4 ./bt-mz_W.4

(3) Analysis report square (flat summary)
square -s scorep_bt-mz_W_4x4_sum
scorep-score scorep_bt-mz_W_4x4_sum/profile.cubex
scorep-score -r scorep_bt-mz_W_4x4_sum/profile.cubex
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Summary Report III
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Analysis report examination GUI

cube scorep_bt-mz_W_4x4_sum/profile.cubex
square scorep_bt-mz_W_4x4_sum
scalasca -examine scorep_bt-mz_W_4x4_sum

cube_diff scorep_bt-mz_W_4x4_sum/profile.cubex tmp.cubex
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Inclusive Time is the amount of time
spent in a function and all child
functions, i.e. the time from start of
the function up until it’s return.
Exclusive Time is the amount of time
spent purely in that function,
excluding time spent in child
functions
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Scalasca event trace analysis

scan -t
As of time-averaged summaries, it is possible to generate also
time-stamped event traces.

Profiling: Summarization of events over execution interval
Tracing: Chronologically ordered sequence of event records
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Critical-path
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Conclusions
Is there a performance issue?

▶ time, speedup, scalability
What is the basic cause of lag? (calculation, communication,
memory)

▶ MPI/ OpenMP / flat profiling
Where is the lag?

▶ Call-path
Why is it there?

▶ hardware count analysis
Scalability issues

▶ load imbalance, compare profiles various sizes function by function
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