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Event Trace Visualization with Vampir

= Alternative and supplement to automatic analysis

= Show dynamic run-time behavior graphically at any level of
detail

» Provide statistics and performance metrics

= Timeline charts
= Show application activities and communication along a time axis

= Summary charts |
* Provide quantitative results for the currently selected time interval | momass

R R R —————————— —
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Visualization Modes (1)
Directly on front end or local machine

% ml Vampir
% vampir

.W s .
—— Multi-Core """ Score-P Trace

Program ' gua ) File
k. IR L.

Small/Medium sized

frace Thread parallel
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Visualization Modes (2)
On local machine with remote VampirServer

% ml VampirServer $ ml Vampir
% vamplrserver start $ vampir

VampirServer
CRCRCRCRCRC \
\

Large Trace File

Score-P ” T?Ice (stag s on remote
Many-Core N e 4 i
Program / y machine)
Parallel application
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Starting Vampir GUI on compute nodes

% ml Vampir = Do not run Vampir GUI on

% srun \ any login nodes on Barnard.
-A $SBATCH ACCOUNT \ There are resource usage
--reservation=$SBATCH_RESERVATION \ restrictions in place
--time=1:30:00 -n 1 -c 16 --x1l=first vampir & * Thread parallel analysis

engine with 16 threads
= Start Vampir in the

background, will be used
later

VI-HPS 44TH PORTING & TUNING WORKSHOP (AACHEN/DRESDEN, FEB 2024)
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Starting VampirServer

USAGE
vampirserver [SUBCOMMAND] [ARGUMENTS ...] [-- [CUSTOM-ARGUMENTS ...]]

SUBCOMMANDS
list, 1s [servers | launchers]
List server related information. Currently, this command lists all

active servers or the available launch scripts (launchers). If no
argument is provided, all active servers are listed.

start, up [-n] [-p] [-t] [LAUNCHER] [-- LAUNCHER-ARGUMENTS...]
Start a new server instance. LAUNCHER identifies the launch script to
be used. LAUNCHER defaults to "slurm".

-n, --ntasks=TASKS set the number of analysis tasks
-t, --timeout=SECONDS set the startup timeout to SECONDS seconds
Try 'LAUNCHER -- --help' for launcher specific arguments.

stop, ex [SERVER_ID]

Stop the given server or the most recent server if no SERVER ID is
provided. The server ID is printed during startup. Alternatively, use
the list command to print a list of available servers.

VI-HPS 44TH PORTING & TUNING WORKSHOP (AACHEN/DRESDEN, FEB 2024)

= Account for one extra task:
launcher script starts
TASKS+1 MPI processes
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Starting VampirServer: SLURM launcher

% vampirserver start slurm -- --help

Launcher usage: slurm -- [--time=TIME] [-- SALLOC-ARGUMENTS...]
-h, --help show this little help
-t, --time=TIME total run time of the allocation

-- SALLOC-ARGUMENTS. ..
remaining arguments are passed directly to salloc

VI-HPS 44TH PORTING & TUNING WORKSHOP (AACHEN/DRESDEN, FEB 2024)



Starting VampirServer
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% vampirserver start -n [51|47] \
-- --time=3:00:00 \
-- -A $SBATCH_ACCOUNT --reservation=$SBATCH RESERVATION \
-N 1 -c 2 --mem=0
Launching VampirServer...
Submitting slurm 3:00:00 minutes job (this might take a while)...
salloc: Pending job allocation 3208476

salloc: Nodes nl1589 are ready for job

VampirServer 10.4.1 Professional (271537cd)

Licensed to ZIH, TU Dresden

Running 51 analysis processes... (abort with vampirserver stop 29603)
VampirServer <29603> listens on: nl1589:30059

% vampirserver list

29603 n1589:30059 [51x, slurm]

% vampirserver stop 29603

Shutting down VampirServer <29603>...

Disconnecting client: nl1589.barnard.hpc.tu-dresden.de:30059
VampirServer <29603> is down.

VI-HPS 44TH PORTING & TUNING WORKSHOP (AACHEN/DRESDEN, FEB 2024)

= 51 for Barnard
= 47 for Claix2023

= Use host and port for SSH
port forwarding
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NPB-MZ-MPI / BT recording PAPI metrics

Record two metrics

% cd $VIHPS WORKSPACE/hands- on/score p per thread
% scorep-score -c 2 S

Estimated aggregate size of event trace: 3161MB
Estimated requirements for largest trace buffer (max_buf): 791MB
Estimated memory requirements (SCOREP_TOTAL_MEMORY): 815MB
(hint: When tracing set SCOREP_TOTAL_MEMORY=815MB to—av-edtmiss -

or reduce requirements using USR regions filters.) Requires >2X the
amount of memory

1t type max_buf[B] visits time[s] time[%] time/visit[us] region
ALL 828,613,023 33,216,069 643.52 100.0 19.37 ALL
OMP 812,922,112 32,481,280 621.28 96.5 19.13 OMP
COM 15,358,225 722,740 2.11 0.3 2.92 COM
MPI 232,031 7,316 19.85 3.1 2713.23 MPI
USR 100,555 4,729 0.01 0.0 1.57 USR
SCOREP 100 4 0.28 0.0 69674.29 SCOREP




NPB-MZ-MPI / BT recording PAPI metrics
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% <editor> bt-mz.sbatch
#SBATCH -J metrics

export SCOREP_FILTERING FILE=initial scorep.filter
# If you want to try collecting a trace:

export SCOREP_TOTAL_MEMORY=815MB

export SCOREP_ENABLE_TRACING=true

export SCOREP_METRIC_PAPI=PAPI_TOT_INS,PAPI_TOT CYC
# Otherwise leave the above commented out and you
# get a filtered profile

#NEXUS="scan -t"

#export SCAN_ANALYZE OPTS="--time-correct”

% sbatch bt-mz.sbatch

= Apply filter configuration and
re-run measurement

= This gives you a profile with
less noise

= Also, collecting a trace is now
practical and easy.
Remember this for later
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Visualization of the NPB-MZ-MPI / BT trace

Trace View - fhome/frank/Traces/scorep_bt-mz_B_4x4_trace/traces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Master Timeline

i

Trace View - fhome/frank/Tracesfscorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Process Timeline
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Trace View - fhome/frank/Tracesfscorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Typical program phases
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Visualization of the NPB-MZ-MPI / BT trace

Counter Data Timeline

Trace View - fhome/frank/Tracesfscorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Performance Radar e

Trace View - fhome/frank/Traces/scorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Zoom in: Inititialisation Phase

Trace View - fhome/frank/Traces/scorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Find Function

Trace View - fhome/frank/Traces/scorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Computation Phase

Trace View - fhome/frank/Tracesfscorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Zoom in: Computation Phase

Trace View - fhome/frank/Tracesfscorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace
Zoom in: Finalisation Phase

Trace View - fhome/frank/Traces/scorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace |
Process Summary | &

Trace View - fhome/frank/Traces/scorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Visualization of the NPB-MZ-MPI / BT trace |
Process Summary «©

Trace View - fhome/frank/Tracesfscorep_bt-mz_B_4x4_traceftraces.otf2* - Vampir
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Timeline Function Summary
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Evolution of Vampir

= Started with MPI/OpenMP to analyze load imbalances

» Floating Point Load Balance
= Message Passing Memory Issue
» Instructions per Cycle with Custom Metrics

= TU Dresden helped designing the CUPTI interface for NVIDIA
= GROMACS MPI+0OpenMP+CUDA

» J/O stack visualization
= Multi-layer I/0
= Beyond HPC-Applications

= Chrome Traces
= SLURM job scheduling
= Workflow execution traces

VI-HPS 44TH PORTING & TUNING WORKSHOP (AACHEN/DRESDEN, FEB 2024)
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Demo: Floating Point Load Balance

= Weather code with coupled multi-physics and cloud components
» Load imbalance due to computation of emerging clouds only in parts of the simulation
grid
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Demo: Floating Point Load Balance
traces/01-study-floating-point-load-balance

Message Passing
share increases over
time. Happens
uniformly?

No, MPI Share does
not increases on
Process 56. Why

not?

Process 56 is loaded
heavily with FLOPs
starting at t=130s

99 Processes wait for

one process to finish

_ Connected: Taurus _

W
=ExRAuLEReIE
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All Processes, Excluswa Time per Function Group
100 % . ;
80 %

Process 0
Process 8
Process 16
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Process 50
Process 64
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Process 88

PTOCESS 25
Process 36
Process 43

Pross 85
Process 91

0G

3 BT gAY Y N T P ity

Function Summary
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30.0%  20.0% 10.0% 0.0%
[40°32% MP
MPI

202% | MP_UTIL
f :2.71% [ Appl...tion

i 2.25% | | COUPLE

1.73%% METEO

E0.01% | VT_API

Context View
- @ '@ Performance Radar -

Property Value

Display Performance Radar

Type Counter

Location Process 55

Metric ~ Number of Floating Pointer Operations
Unit Total

Value  309.556976 G

Time 572.5s
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Demo: Floating Point Load Balance
traces/01-study-floating-point-load-balance

W Trace View - Taurus:/trcdata/tracefiles/messe-traces/2018isc/demo/01...specs/2-load-balanced---p100-cosmo-specs-fd4/sbmfd4.otf - Vampir

Timeline
50s 100 s

es, Exclusive Time per Function Group

NoO increase in
MPI share
anymore

150 5 200 s 250 s

BuEBFR e ERLS1s 6 2

Process 0 I
Process 8 !
Process 16 i
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Process 32 I
Process 40 |
Process 48
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Process 64 -1 |l
Process 72 -1 |
Process 80 ‘
Process 88

||||SI

FLOP load is
equally
distributed now

Process 91

i :
1 A o3 G D i
Function Summary
All Processes, Accumulated Exclusive Time per Functio...
60% 40% 20%
: 12%53%
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12.5 % of the
total time
Context Vie;.w
- @ i@ Performance Radar -

Property  Value

Display Performance Radar
Type Counter

Location Process 55

Metric
Unit Total
Value  183.286604 G

Time 274 s

Number of Floating Pointer Operations

Connected: Taurus
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Demo: Unexpected Memory Demand

= Unexpected memory demand from MPI implementation due to large number of small
messages sent to one rank

VI-HPS 44TH PORTING & TUNING WORKSHOP (AACHEN/DRESDEN, FEB 2024)



RTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Demo: Unexpected Memory Demand

traces/02-study-messase-nassing-memorv-issue
eo0e@

W Comparison View
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Demo: Unexpected Memory Demand
traces/02-study-message-passing-memory-issue
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Demo: Instructions per Cycle with Custom Metrics

= Counters can be versatile used in calculations
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Demo: Instructions per Cycle with Custom Metrics

t r\a c e 5/63 - St udy - c @ @ W Trace View - Taurus (auto-detect):/tredataftracefiles/messe-traces/201...tensity/scorep-gromacs-4p-4t-mpi-omp-fftw-ipc/traces.otf2 - Vampir
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Connected: Taurus (auto-detect)
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Demo: GROMACS MPI+OpenMP+CUDA

= Holistic view across multiple parallel paradigms
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Demo: GROMACS MPI+OpenMP+CUDA
traces/05-study-offloading

Offloading

dit Chart Filter Window Tools Help
G BEE QBFHN B is B
Timeline EIIES) Function Summary

13.310s 13.312s 13.314s ’ Accumulated Exclusive Time per Function
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Demo: Multi-layer I/0

. . . N Application
= Record interaction between multiple layers NCLCDF
HDF5
. MPI 1/O ) A
= MPI I/O (MPI_File_open) — N/
= [SO C I/O (fopen) File system
n POSIX I/O (Open) Storage hardware
» System tree information determine whether file
- . . Machine
resides in a shared file system e | [Feseen] [
Fsgiobal L node, file,
File System
fs1ccat
nodey, ﬁley
(a) Hardware topology (b) System tree representation
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Demo: Multi-layer I/0
traces/04-study-io-stack

4QS 45gs SQS 5'_‘;5 GQS 65;5 ?Qs ?Egs BQS Bfgs
Thread pOOI +machine Cray XC
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of 1/O server ~ MPI Rank 0 __ | | | | | _ _ _ _ : :
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Pthread thread 11:0 ;
» MPI Rank 1 (=

» MPI Rank 2 = o5 Finalization
» MPI Rank 3 D&
» MPI Rank 4 o
_ _ » MPI Rank 5 &
» MPI Rank 6 &
Simulation 1P Rank 6
» MPI Rank 8 B
phase » MPI Rank 9 =
» MPI Rank 10 =
» MPI Rank 11 o
» MPI Rank 12 &

» MPI Rank 13 |>




VRTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Demo: Multi-layer I/0

traces/04-study-io-stack

Shared files

40s 45s 50s 55s 60 s 65s 70s 75s 80s 85s
I/O Events over Time ;

= % machine Cray XC ‘
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|...fio_cfg_files/scalar fields.xml | |
|.../testcase/RCE_dump_329.nc
~ Ty NetCDF #0
T MPI-IO #0
» ® node nid01713 I
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» ... [testcase/stratus/fire sc.mcf ‘
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» ® node nid01717 1) 1
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Node local files » % node nid01720 RN
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| T
I |
IR, |
| | |
| |
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Demo: Chrome Traces

= \Versatile trace format used by a multitude of applications and

frameworks

= PyTorch and TensoFlow
= AMD rocprof
= LLNL Caliper

= Browser based visualization limited by memory
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Demo: Chrome Traces
Chrome Traces

File Edit Chart Filter Window Tools Help

=T N S A B IE & ™ A 2= T a— 4 1/667,575, 1077 1,667,575,121.1
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i 372ms 222 ps 208 ns ncclKern...orkElem)

¢
<
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: - Context View
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thread 62922 (python) LS ;rop;;mess Tme‘:’;ue :
1 : Display Process Timeline
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Demo: SLURM job scheduling

= \Visualization of SLURM job scheduling
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Demo: SLURM job scheduling
PIKA Slurm/alpha_20231025-30.7json.gz

File Edit Chart Filter Window Tools Help

o BEE QO kb i

.
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Demo: Workflow execution traces (upcoming)

» Based on the wfcommons WfFormat JSON file
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https://wfcommons.org/format
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Demo: Workflow execution traces Dependencies goes

Workflows/BlastRecipe.json

File Edit Tools Help
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Summary and Conclusion
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Summary

= Scalable visualization of event traces

= Color coding activities to easily identify program structure

= Client-Server (MPI) architecture to utilize HPC resources

= Supports multiple trace formats produced by different measurement tools

- Score-P (OTF2) - Fireworks (wfcommons)3
- lo2s (OTF2) - RADICAL (wfcommons)3
- TAU (OTF2)

- Intel Trace Analyzer (OTF2)1

- The Structural Simulation Toolkit (OTF2)2
- AMD rocprof (Chrome Trace Format)

-  TensorFlow (Chrome Trace Format)

- PyTorch (Chrome Trace Format)

T https://www.intel.com/content/www/us/en/docs/trace-analyzer-collector/user-guide-reference/2022-2/otf2-format-support.htmi

2 http://sst-simulator.org
3 Upcomming
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