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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
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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 vampilr $ 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 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 47TH PORTING & TUNING WORKSHOP (ESSEN, JUNE 2025)

= 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 47TH PORTING & TUNING WORKSHOP (ESSEN, JUNE 2025)
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Starting VampirServer

% vampirserver start -n 31 \
-- --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) = Use host and port for SSH

VampirServer <29603> listens on: <host>:30059 .
port forwarding

% vampirserver list

29603 <host>:30059 [31x, slurm]

% vampirserver stop 29603

Shutting down VampirServer <29603>...

Disconnecting client: <host>:30059

VampirServer <29603> is down.
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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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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 19

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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Rank 0 1Somp do @y_solve.F:52 omp do @X_SC ) @ o f:52 ' n
Rank 1.3 CENORIM ! Somp do @y_solve.F:52 omp do @x_sc 150 ) @z_solve.f:52 P rocess S u mma ry .
- Rank 0.2 pdo @ olve J - e [ _m 0
Rank2 CERLERN |Somp do ...olve.F:52 [y sl ULl : : 6 8 | Ove rVIeW Of the
Rank 2.1 =1 S I | Somp do @y_solve.F:52 omp do @: lve.F:52
" Ronk 1.1 . accumulated
Rank 2.2 Rank 1.2 omp do ...o 06 1S. . .
RN Somp do @y solveF52 Sl s I R S0 52 Il information across all
Rank 2.3 Rank 2 A . e : lliothers | .
CENL RN |Somp do ...olve.:52 (il el ViR L e f:5: 06 !S...07 llothers
~ Rank 3 ) vl | Somp do @y_solve.F:52 omp do @X_sc 0 e.F:52 fu n Ctl O ns a n d fo r
Rank 2.3 omp do @X_sC 150 ;
Rank 3.1 CEN'EI |Somp do @y_solve.F;52 omp do @x_sc ) T eve ry p rocess
Rank 3.2 M CELLRI |Somp do ...olve.f:52  [{ely sl el VR EET g 150 » @ e f: 6 1S...0 ] Others :
: MMM“ el | Somp do @y_solve.F:52 omp do @x_sc 150 | Others | I ndependentIY'
Rank 3.3 M“MMM CEL &% Somp do @y_solve.F:52 ISomp do @x_solve.F: 150 5 ; Others |
T | : : : : :
4,025
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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

EXLEOIERLES & 4 o TR TR R

Timeline Function Summary
‘ 0s [ All Processes, Accumulated Exclusive Time per Function
i 50s 40s 30s 20s 10s 0s
v Rank 0 M 1Somp do @y_solve.F:52 [«]
E ] | | 1Somp do @x_solve.F:54
Rank 0.1 ﬂmunmm 1Somp do @z_solve.f:52 ]

oz QI BIOTEN 2o o oo,

Rank 0.3 mMmmM | | | [48357] 150mp qo @Iﬂr.hs.f:ﬁz
ENAY LLE 5 : 5 g {43235 1Somp implici...y_solve.f:406 . o -

- Rank 1 FIrm u 42875 E 1Somp implici...x_solve.f:407 F| N d g Frou pS Of SiMmi Ia r

Rank 1.1 ' : A : '
IndividualProcesses,Accufl:?.lT:EchquTigzrs‘irveTime per Function SimilarProcesses,Accumuli;g;?issl‘iigm?iag"rimeperFun-:tion processes and
Rank 1.2 0s 55 =
o Ranko y threads by using
ank 1. Rank 0.1 om...F:5: .5 [ 1150...:52 . c
ok 2 rarko.2 Fs; s summarized function
Rank 0.3 _ .
Rk 2.1 Rank 1 information.
Rank 1.1
Rank 2.2 Rank 1.2
Rank 1.3
Rank 2.3 Rank 2
. Rank 2.1
Rank 3 Rank 2.2

Rank 3.1 M"MM Rank 2.3 -
4l Rank3  [Efly sty
Rank 3.2 M!!MMM Rank 3.1 [ELRREFARISE 54 s
b Rank 3.2
Rank 3.3 M!!MMM Rank 3.3
(1 I
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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 47TH PORTING & TUNING WORKSHOP (ESSEN, JUNE 2025)
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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
Timeline
Os 100 s 200 s 300 s 400 s 500 s

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

Process 0
Process 8
Process 16
Process 24
Process 32

Process 50
Process 64
Process 72
Process 80
Process 88

PTOCESS 25
Process 36
Process 43

Pross 85
Process 91

0G

3 BT gAY Y N T P ity

Function Summary
All Processes, Accumulated Exclusive Time per Functio...
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
Process 24
Process 32 I
Process 40 |
Process 48
Process 56 -
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%
MPI consumes
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



RTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Demo: Unexpected Memory Demand

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

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

W Comparison View

=R R RS, T E R 2818 6B 2 Y
i

[] ..5-1_steinke_feap_bench_v1_p8_N1_il... . LI . i i i I QQ E)
‘[ ..8-2_steinke_feap_bench v3_p8_N1i.. |[H] | Il | 960.387.5 .. .| | I |
Timeline Function Summary
Os 100 s 200 s 300s 400s 500s 600s 700s 800 s 900 s All Processes, Accumulated Exclusiv...
: : : : : : Os
11 | nNr1rrre IR mm =11 TITEmnT ||1| ] .
MaSiar ihread:g y ||| =TT -||| LIER - 1T T ) | :l 1 17 | T T 7 507 SITEB.QBE = pform
Maszar Ihread.1 -l 1 11 - i i 1 1117 11 1 rrrIrn 631.94? 8 uaSDIe
Master thread:2 ! ] : : l ] 562.746 5 [ usolve
Masiarthread:a 1 {RB nm=r=mnmy IR b 17 | I | form (R | 380_51 slﬁnpui
Masiar 1hread4 5 TTTY 1 - 1 ERRI . R T ] | Y 11T 7T 1 || o nmTnrrT 301 052 s ! MP’I Recv
Masiar thread:S | IR - (| |: -| ] |: | ™ llpfarm ] IRE "TIRTYT 1 50212 s MPI:COmm_dUp
: : : : : : 25.523 s | MPI_Send
Memory demand On  ter thread:0 i . PR |-||| = .I o | é"pform ||||||| | ! IR 15.545 s | MPI_Waitany
. R ™ | m | | ) | e I | TTIrrmiE—mn ] | IRR | 14'008 5 umacra
. ster thread: 1 , — "I ! pform I .
rank O eX ||Cab| cter thread:2 T |||- | 1 1 e v e v 10.836 s | MPI_Allreduce
p y : T 1 |-| HEAR I | 1 17 1 1y 1111 ™1 B.gg? § MPI—Reduce
. : | : : : : 4.525 s | pdomain
v || 1 1T (LR D (A Ty | FrImTr | | LIRS
h Ig h (~ 8 G B) - i I m = nrr | ) |= (. 1 M 1 ||I m | N N | m | BB g‘g;g s peldmr:;j
e ! ; . : 428 s | pen

Function Summary
All Processes, Accumulated Exclud

Ols
5696.366s | pform

Prior to new
- Aol o module (output)
Memory demand on B T S gy g demand was
rank 1 — (N-1) also s - ~1GB per rank
too high (~1.8 GB) e

Master thread:3

Values of Metric "ru_maxrss" ove gin Bytes |
Master thread:0 :
Master thread:1
Master thread:2

aster thread:3

17.004 s | MPI_Waitany

11.216 s | MPI_Allreduce
8.914 s | ptecout3dbrick_fast
5.129 s | pelmrd

: é : : : ? ? : 5 : 4.67 s| MPI_Init
] : : 4.575 s | perdrd

0G 2G 4G

4.449 s | pdomain
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Demo: Unexpected Memory Demand
traces/02-study-message-passing-memory-issue

=, Wy &, 85,19 6B 2 O

E" ;_’,_i:v a" l-...nv ]L'v ﬁv @v Ev

[] ..5-1_steinke_feap_bench_v1_p8_N1_i1_t...
[]..8-2_steinke_feap_bench_v3_p& N1.i1_..

. . A R gﬂ?.s:ui.gsﬁ.S‘L 1
[ (T IRT  IRTRTTU PR RPN RN AT ) :099s

Timeline Function Summary Message Summary
947 5s 8950.0s 9525s 955.0s 857.5s  All Processes, Accumulated... Aggregated Message Volume ...
: : : : : Os 80 MiB 0 MiB
Master thread:0  pform | ; pform 68487 s ' pform mm_ sSum
. . : Ll |
Master thread:1 | lpform | PR— 8.143 s F| MPI_Send 130.684 MIB 152 B
Master thread:2 ~ pform l pform ; pform 6.902 s M umacr3 i 343aMBJ4B
Master thread:3  pform | 'pform " pform 2465 s | MPI1_Recv : :
Master thread:4 ' Ipform lpform 0.827 s | pltstr
Master thread:5  pform pform 'pf(_:rm 0.805 s | pstr3d :
i - i : 0.575 s | uasble Message Summary
Master thread:0, Values of Metric "ru_maxrss" over Time 0.353 s | seproj Numbersg(f\;‘lﬂe:sages per[]r\-;lies...
B.OG OO SV TNt SOV S 0.219 s | MPI_Reduce 3 - }
14.131 ms | pmacr1 803,049 d
780 4131 ms | pmacr g o012 Messages merge
s 76G ' P ¥ 901,521
= 602.171 us | pristr 1 , b
m 7406 ; :
e 155.376 s | pflush | N to one I meSSsage
' 67.803 ps | formfe

Master thread:0

pform 'pfcrn';

Function Summary

All Processes, Accumulated...

Message Summary
Number of Messages per M...

Masterthread:1 | || | pform Ipform 50s 0s 0
Master thread:2 | I lpform Ipform " Ipform 79.677s | pform
Mociocicond3  pform | 'pform " Ipform ; 14.179 s || pteco..._fast q
g4 plorm | Bpform : . 21155 | MPI_Send 1| 16.705 miB
Memory demand Lo:5  plorm || [Mpform o : 0.815s | pltsir 1| 16.705 MiB
' ! : © 0.798 s | pstr3d 1 [l 16.704 MiB
dOWﬂ tO ~1 . 8 G B §:0, Values of: Metric “ru_maxrss" over Time gg:;: :::?OIT Messagé S
t” . I ft ----- . 0.165 s | MPI_Reduce Aggregated Message Volu...
(S Il ONne ISsue |1e ) 27.202 ms | MPI_Recv bt el
----- 14.182 ms | pmacr1 Sum
:2.71 ms | pmacr 33.406 MiB 1 16.703 MiB
594.624 s pristr 16.705 MiB [ 16.705 MiB
16,705 MiB [J] 16.705 MiB

161.669 ps | pflush

65.142 ps | formfe

16704 MiB [} 16.704 MiB
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Demo: Instructions per Cycle with Custom Metrics

= Counters can be versatile used in calculations

VI-HPS 47TH PORTING & TUNING WORKSHOP (ESSEN, JUNE 2025)



RTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

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

= e bW i B T o E T T W
E E‘;: g e 5 ?ﬁ‘ @ E s i“ & 12:1 Ig @ f L l|-|..i|||l. Il ||| i ”I 18.898 s .|||.. M ||.||I o 1 I
Timeline Function Summary
0.0s 25s 50s 7.0s 100s 12.5s A a5s All Processes, Accumulated Exclusive Time per ...
_- _— ”5”“ . IR |§| AR |'||E| TRl | | i LA e e fe e e U ._s
12s ti ti L - e LSRR SRR S i o R S O . OMP_LOOP
S UmME Spentin  pu=igs e Bt sz e oue e
e : LAy Gt et b b b LRI e LU 18403 s OMP_PARALLEL
OpenMP (62% util.) TEIIE R e ~ nresPEMPI
: 00l 1l 0 o A 7.726 s [[] fitw
Master thread:3 L L B 0.281 s | Application
OMP thread 2:3 - b e 1Y = TR R I YT 90 0 U P PP S TR : ;
| R0 AP PR T 11 0 A 2 00 P S N ;
Values of Metric "Derived IPC" over Time in parallelism :
Master thread:0 T IIEI [ IEOMD E (L : | |||||§ 1IN | H L | III
OMP thread 2:0 5 : : ] 5 5 I
Master thread:1 :
OMP thread 2:1 I Context View
Master thread:2 I = -unction Summary .
OMP thread 2:2 I Property Value
Master thread:3 ! Display Function Summary
OMP thread 2:3 I Filter All Processes

; : : : : : : é Function Grou
| , | , | P
Accumulated Exclusive Time 173.280322 s

0 2 4 6
g ; : ; Percentage 70.323889%

Master: Avg. IPC is 0 WU Y N B e
1.8, Peak IPC is 5.5 = | . | | | ; ol OMP Threads:

M Monitor
Avg. IPC is 1.8,
Peak IPC is 3.5

parallelism

[ THREADS

Connected: Taurus (auto-detect)

VI-HPS 47TH PORTING & TUN




RTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

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
-® Group

~ Master thread:0
asterthrea 02s 0.0s

CUDA[0:2]:0 OMP_LOOP
CUDA[0:7]:0 0.0594269 s s
CUDA[0:8]:0 ' )

[0:8] 0.042067 s/ OMP_SYNC
CUDA[1:2]:0

0.042006 s [} CUDA_KERN
0.0244934 sJl| MPI Poi...ication
0.0128914 ] mpi

0.00142896 5| OMP_PARALLEL

OMP thread 1:0
QMP thread 2:0
OMP thread 3:0
OMP thread 4:0
Threadlng OMP thread 5:0
OMP thread 6:0
OMP thread 7:0
* Master thread:1
CUDA[0:2]:1

Context View
= ! Shared Resource Timeline #x ¢« » o
Property Value

Display Shared Resource Timeline

Type Group
GPU Events over Time = Name Device 0
~ ..hrsk.tu-dresden.de

Idle 54.733 %
~ node taurusi2010

Offloading devices are
a shared resource




RTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Demo: Multi-layer I/0

. . . Application
= Record interaction between multiple layers N;EE‘E‘,F
HDF5
= MPI I/O (MPI_File open) e
= [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 Filo (File Systeom) 70

System f8100a1
Bgtobar L node, file,,

=

File System
fslocal
nodey, ﬁley

(a) Hardware topology (b) System tree representation

VI-HPS 47TH PORTING & TUNING WORKSHOP (ESSEN, JUNE 2025)



\A-I—IPS VIRTUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

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

»node nid01713

of 1/O server ~ MPI Rank 0 __ | | | | | _ _ _ _ : :
Master thread:0 I# Trlang |eS deplCt

Pthread thread 1:0

Pthread thread 2:0 : .
Pthread thread 3:0 1/0 operations
Pthread thread 4:0
Pthread thread 5:0
Pthread thread 6:0 :
Pthread thread 7:0 LU LU GO e o e e o Do SEDo b e e o Jeri v b
Pthread thread 8:0 o
Pthread thread 9:0
Pthread thread 10:0
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 |>
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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 ‘
|.../monc/testcase/global_config |
|...efiofio_cfg_files/3d_fields.xml |
|...Iofio_cfg_files/checkpoint.xml | |
|...cfg_files/data_write_1file.xml |
1...fio_cfy files/profile_fields.xml : |
|...fio_cfg_files/scalar fields.xml | |
|.../testcase/RCE_dump_329.nc
~ Ty NetCDF #0
T MPI-IO #0
» ® node nid01713 I
» 2 node nid01714 ol

represe nted by » ® node nid01716

» ® node nid01717 |

|

|

|

handles » & node nid01718 ||E M
B

|

4 v v v v v w

o wite 3
] Write ; ; Write |

/O Stack

» ¥ node nid01720
» 2 node nid01721 :
» & node nid01722 |
1 POSIX I/0 #20 ™
» ... [testcase/stratus/fire sc.mcf ‘
» ® node nid01713 o 1
» & node nid01714 | . T
» 2 node nid01716 : : :
» ® node nid01717 1) 1
» 2 node nid01718 [ 1
i » ® node nid01720 I L 11
Node local files » % node nid01720 RN
» = node nid01722 5 ' '

| 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
= s = [‘— @ I= I— &% K—\.‘ \q age bj "-g'-" a= 7 @ || Vit |s;|| 3383205 IS
Timeline L] Function Summary
1,667,575,118 s 1,667,575,120 s Accumulated Exclusive Time per Function
: : = 3s 2s 1s Os

* machine
: [EESOOEECONESEARENNE Py orch Profiler (0)

- python: CPU ; ; ]

Thread 0 (7) 1s 65:8 ms7...; cudaMemcpyAsync

thread ...python) #:.m.cm@:. ﬁ:’ ...:m: :a 028 ms 146 ps 688:ns . cudaMalloc

thread .python) ” ey b . 477 ms 176 ps 320 ns- ProfilerStep#3
: : = E
Thread...639872 : 455 ms 671 ps 552 ns . cudaFree

i 372ms 222 ps 208 ns ncclKern...orkElem)

¢
<

- python: GPU 0 : : :
istream 7 i 353ms 794 ps304ns| | void atin...*, float*)
stream 20 225 ms 430 ps 16 ns % ProfilerStep#2
Thread 0 (8) : 221 ms 184 ps 512 ns |} ProfilerStep#1 -

: - Context View
‘ o imeline » x
thread 62922 (python) LS ;rop;;mess Tme‘:’;ue :
1 : Display Process Timeline
2 Type Function
3 Location thread 62922 (python)
4
c Function B 7 aten:cat
6 Function Group .cpu_op
7 Interval Begin 1,667,575,118.336299
Interval End 1,667,575,118.63964 s

1 L -, T T 1 " R R

1,667,575,119.8 s
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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

.

Each GPU of EEN 7 B

Timeline
th e SySte m 10/25 00:00 10/26 03:46 10/27 07:33 10/28 11:20 10/29 15:06
taurusig003 GPU 0 | 4 - F [

taurusi8004 GPU 0
taurusi8005 GPU 0

aurusi8006 GPU 0
taurusi8007 GPU 0
taurusi8008 GPU 0
taurusi8009 GPU 0
taurusi8010 GPU 0
taurusi8011 GPU 0
taurusi8012 GPU 0
taurusi8013 GPU 0
taurusi8014 GPU 0
taurusi8015 GPU 0
taurusi8016 GPU 0
taurusi8017 GPU 0
taurusi8018 GPU 0
taurusi8019 GPU 0
taurusi8020 GPU 0
taurusi8021 GPU 0
taurusi8022 GPU 0
taurusi8023 GPU 0
taurusi8024 GPU 0
taurusi8025 GPU 0
taurusi8026 GPU 0
taurusi8027 GPU 0
taurusi8028 GPU 0
taurusi8029 GPU 0
taurusi8030 GPU 0
taurusi8031 GPU 0
taurusi8032 GPU 0
taurusi8033 GPU 0
taurusi8034 GPU 0

| 1

26 Oct 2023 20:10:00 -0600

(2]

Accumulated Exclusive Time per

% 0s
[ EIECE

1920 hours . bb7..57a
1874 hours 278... . 9f3e..9fd8
1756 hours 196... || od2...cef
1651 hours 1552 s R b1c...186
1415 hours 2075 s . 08ff...445¢
1131 hours 1300 s [ f2e...e21
1091 hours 33045 7¢9..29d
802 hours 781 s f3a..0d5
602 hours 3576's ' 731..551

System Tree
Location GPUs
~ alpha
taurusi8003 11
taurusi8004
taurusi8005
taurusi8006
taurusi8007
taurusi8008
taurusi8009
taurusi8010

-
O = 00 WO

vy ¥ v v v v v v

2

-

Full dates and
durations In
hours
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Demo: Workflow execution traces

» Based on the wfcommons WfFormat JSON file

VI-HPS 47TH PORTING & TUNING WORKSHOP (ESSEN, JUNE 2025)
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Demo: Workflow execution traces Dependencies goes

Workflows/BlastRecipe.json

File Edit Tools Help

from left to right

split_fasta blastall cat_blast

y T ¥ t vy 1 ¥
______ . <Read> <Write> 7=~ -- 3| <Read> <Write>

<Read>

/O _
dependencies 245 instances of

the same task

cat

—— 4| <Read> %ﬁ/ <Write>

Workflow Info | Task Info | FilesInfo | Summary Timelines

Runtime per Task Exclusive Time per Function | Description Value =
1000s Os Group Number of Tasks 4
- : = Timing Information
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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

— OTF2 — Chrome Trace Format -~ WfCommons
— Score-P — TensorFlow — Fireworks
— lo2s — PyTorch — RADICAL
- TAU — Cmake build — Nextflow
— Intel Trace Analyzer! — Snakemake

— The Structural
Simulation Toolkit?

" https.//www.intel.com/content/wwwy/us/en/docs/trace-analyzer-collector/user-quide-reference/2022-2/otf2-format-support htm/
2 http.//sst-simulator.org

VI-HPS 47TH PORTING & TUNING WORKSHOP (ESSEN, JUNE 2025)
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