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Performance engineering workflow

I\
/oBuiId model of predicted ¢ Collection of performance data |
performance e Aggregation of performance data
e Select data to measure
e Prepare application with symbols
e Insert extra code (probes/hooks)
\_ Preparation Measurement ‘ Yy,
e Optimization ~N
e Modifications intended to e Calculation of metrics
eliminate/reduce performance e Identification of performance
problem problems
_ e Presentation of results y,
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Which tools to use?

= Qverview at http://www.vi-hps.org/tools/
= Not complete though, HPCToolkit, PerfExpert,
Intel Tools, Cray tools, likwid, ... missing,
no members off VI-HPS
= More than just performance tools
= 2-page description of tools:
VI-HPS Tools Guide

» For this session we use:
= Score-P for measurement
» Scalasca
= Cube
= Vampir
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MEMBERS ORGANIZATION

ISC-HPCI7 Tutori al, 18 June 2017
Ooth Anniversary of VI-HPS, 23 June
2017

25thVI-HPS Tuning Work shop,

27-31 March 2017

TOOLS TRAINING SYMPOSIA PROJECTS

TOOLS OVERVIEW

Single Node Performance

Parallel Performance

Debugging & Correctness

Instrumentation

Measurement

Integration

Visualization



http://www.vi-hps.org/tools/
http://www.vi-hps.org/upload/material/general/ToolsGuide.pdf
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Performance engineering workflow

j#Score-P —J#Score-P

trace tools (3

scalasca

A4

cube™

scalasca

Youl trace tools (3

scalasca
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Score-P instrumentation
and measurement infrastructure

core-P

Scalable performance measurement
infrastructure for parallel codes
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core-P

DOl 10.5281/zenodo.1240731

= Infrastructure for instrumentation and performance measurements
= Instrumented application can be used to produce several results:

= Call-path profiling: CUBE4 data format used for data exchange
» Event-based tracing: OTF2 data format used for data exchange
= Supported parallel paradigms:
= Multi-process: MPI, SHMEM
» Thread-parallel: OpenMP, POSIX threads
» Accelerator-based: CUDA, HIP, OpenCL, OpenACC
= Initial project funded by BMBF ceroRoeATvou
= Close collaboration with PRIMA project funded by DOE fglg;n;fggigisterium
und Forschung
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Event traces Call-path profiles
(OTF2) (CUBEA4, TAU)

|

gl M Score-P measurement infrastructure

“» Ay ‘e Ly Ly

Instrumentation wrapper

Accelerator-based

I/0O Activity Recording
(Posix /0,
MPI-10)

Source code Sampling
instrumentation interrupts
(Compiler, PDT, User) (PAPI, PERF)

Process-level parallelism Thread-level parallelism parallelism
(MPI, SHMEM) (OpenMP, Pthreads) (CUDA, OpenACC,
OpenCL, Kokkos, HIP)

Application
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Score-P features

= Open source: 3-clause BSD license

= Commitment to joint long-term cooperation
= Development based on meritocratic governance model
= Open for contributions and new partners

= Portability: supports all major HPC platforms
= Scalability: successful measurements with >1M threads

= Functionality:
= Generation of call-path profiles and event traces (supporting highly scalable 1/0)
= Using direct instrumentation and sampling
» Flexible measurement configuration without re-compilation

= Recording of time, visits, communication data, hardware counters
= Support for MPI, SHMEM, OpenMP, Pthreads, CUDA, HIP, OpenCL, OpenACC and valid combinations

= | atest release: Score-P 8.1 (April 2023)

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 8
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Call-path Profile: Recipe

1. Prefix your compile & link commands with
“scorep”
2. Prefix your MPI launch command with
“scalasca -analyze”
3. After execution, compare overall runtime with uninstrumented
run to determine overhead

4. 1If overhead is too high
1. Score measurement using
“scalasca -examine -s scorep_<title>”

2. Prepare filter file
3. Re-run measurement with filter applied using prefix
“scalasca -analyze -f <filter_file>"
5. After execution, examine analysis results using
“scalasca -examine scorep_<tit/e>"

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION



Call-path Profile: Example (cont.)

% scalasca -examine -s scorep_myprog_Ppnaxt_sum

scorep-score -r ./scorep_myprog_Ppnxt_sum/profile.cubex
INFO: Score report written to ./scorep_myprog_Ppnxt_sum/scorep.score

4

= Estimates trace buffer requirements
= Helps to identify candidate functions for filtering
= Computational routines with high visit count
and low time-per-visit ratio
= Region/call-path classification
= MPI (pure MPI library functions)
= OMP (pure OpenMP functions/regions)
= USR (user-level source local computation
= COM (“combined” USR + OpenMP/MPI)
= ANY/ALL (aggregate of all region types)

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION

COM

USR COM USR

USR OMP MPI

USR
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Call-path Profile: Example (cont.)

|% less scorep_myprog_Ppnxt_sum/scorep.score

Estimated aggregate size of event trace: 162GB
Estimated requirements for largest trace buffer (max_buf): 2758MB
Estimated memory requirements (SCOREP_TOTAL_MEMORY) : 2822MB

(hint: when tracing set SCOREP_TOTAL_MEMORY=2822MB to avoid
intermediate flushes or reduce requirements using USR regions filters.)

flt type max_buf[B] visits time[s] time[%] time/ region
visit[us]

ALL 2,891,417,902 6,662,521,083 36581.51 100.0 5.49 ALL
USR 2,858,189,854 6,574,882,113 13618.14 37.2 2.07 USR
OMP 54,327,600 86,353,920 22719.78 62.1 263.10 oOmP
MPI 676,342 550,010 208.98 0.6 379.96 MPI
COoM 371,930 735,040 34.61 0.1 47.09 COM

(rVUSR 921,918,660 2,110,313,472 3290.11 9.0 1.56 matmul_sub ‘\\
USR 921,918,660 2,110,313,472 5914.98 16.2 2.80 binvcrhs
USR 921,918,660 2,110,313,472 3822.64 10.4 1.81 matvec_sub
USR 41,071,134 87,475,200 358.56 1.0 4.10 Thsinit
USR 41,071,134 87,475,200 145.42 0.4 1.66 binvrhs

\__USR 29,194,256 68,892,672  86.15 0.2 1.25 exact_solution/
OMP 3,280,320 3,293,184 15.81 0.0 4.80 !'$omp parallel
[...]

4
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Call-path Profile: Filtering

= In this example, the 6 most frequently called routines are
= of type USR
» These routines contribute around 35% of total time
= However, much of that is most likely measurement overhead
= Frequently executed
= Time-per-visit ratio in the order of a few microseconds
= Avoid measurements of these to reduce the overhead
= List routines to be filtered in simple text file
» Specify SCOREP_FILTERING_FILE for measurement
= or with GCC specify as --instrument-filter when instrumenting

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION
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Filtering: Example

% cat filter.txt
SCOREP_REGION_NAMES_BEGIN
EXCLUDE
binvcrhs
matmul_sub
matvec_sub
binvrhs
Thsinit
exact_solution
SCOREP_REGION_NAMES_END 7

= Score-P filtering files support
= Wildcards (shell globs)
= Blacklisting
= Whitelisting
» Filtering based on filenames

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 13
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Score-P: Advanced Features

= Measurement can be extensively configured via
environment variables
» Check output of "scorep-info config-vars” for details
= Allows for targeted measurements:
= Selective recording
= Phase profiling
= Parameter-based profiling

= Ask us or see the user manual for details

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 14
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Cube performance report explorer

CUbe

scal asca
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Cube CubeLb
CubeGU

= Parallel program analysis report exploration tools
» Libraries for XML+binary report reading & writing

Ab:
s
I veri B calitree | [E] Flat view Bl systemtree | [ statistics ] g
mpEg . @ 1.17e8 Visits (occ) || - ® 0.00 tea_leaf basel - s
| - 0.03 MAIN =0 0.00 node jrc1531 2
e ra u I I I e S O r re 0 r ro Ce S S I n O 0.00 Minimum Inclusive Time (sec) » @ 7.53 tea_module.tea_init_comms_ ~ O 0.00 MPI Rank 0
@ 97.11 Maximum Inclusive Time (sec) » 027 llel @tea_leaf.f90:45 @ 35.30 Master thread Q
O 0 bytes_put (bytes) » 3300 - M 35.28 OMP thread 1 E’
H H - - O 0 bytes_get (bytes) ~ W 0.00 W 35.29 OMP thread 2
| | 0 0 ALLOCATION_SIZE (bytes) » | 0. ® 35.29 OMP thread 3
r I r I V a n a ys I S eX p 0 ra I O n O 0 DEALLOCATION_SIZE (bytes) » 0. ™ 35.28 OMP thread 4
O 0 bytes_leaked (bytes) » 0. @ 35.29 OMP thread 5
O 0.00 maximum_heap_memory_allocated ~®O = 3 %g QM thread &
H § 1.19e10 bytes_sent (bytes) - rea
u Req u I res Qt > 5 ® 1.19e10 bytes_receive d (bytes) vl _halo_module.update_halo_ @ 35.29 OMP thread 8
- m 6.3 kernel_cg_module.tea_leaf kernel_init_cg ® 35.29 OMP thread 9
v W 35.29 OMP thread 10
] # 35.30 OMP thread 11
a @ 427.03 MPI Rank 1
~ | O 0.00 node jrc1532
» [@ 426.92 MPI Rank 2
@ 431.03 MPI Rank 3

~ O 0.00 node jrc1533
» @ 422.41 MPI Rank 4
» @ 430.27 MPI Rank 5
~ O 0.00 node jrc1534
» [@ 428.48 MPI Rank 6
» [@ 431.53 MPI Rank 7

= Originally developed as part of the Scalasca toolset

= Now available as separate components

= Can be installed independently of Score-P
and Scalasca, e.g., on laptop or desktop

Note: source distribution tarballs for Linux, as well as
binary packages provided for Windows & MacQOS,
" Latest releases: Cube v4.8.1 (March 2023) from www.scalasca.org website in Software/Cube 4.x

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 16
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Analysis presentation and exploration

= Representation of values (severity matrix) Call
on three hierarchical axes > | path
= Performance property (metric) Q
= Call path (program location) D&f
» System location (process/thread)

= Three coupled tree browsers = .
Location

= Cube displays severities
= As value: for precise comparison
= As color: for easy identification of hotspots

» Inclusive value when closed & exclusive value when expanded
= Customizable via display modes

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 17



WRTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Inclusive vs. exclusive values

= Inclusive
= Information of all sub-elements aggregated into single value

= Exclusive
» Information cannot be subdivided further

int foo ()

s {

int a;
{ a =1+ 1;

Inclusive < Exclusive bar () ;

a =a + 1;
{ return a;

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION
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Plain summary analysis report (opening view)

CubeGUI-4.4.3: scorep_tea_leaf baseline_8x12 sum/profile.cubex <@jri11>

File Display Plugins Help
Restore Setting ~ Save Settings

Absolute v | | Absolute v | | Absolute v

Metric tree Call tree Ej Flat view systemtree | [Ml statistics =~ [ sunburst =@ Pr >

8633.39 Time (sec)

0.00 Minimum Inclusive Time (sec)
97.11 Maximum Inclusive Time (sec)
0 bytes_put (bytes)

0 bytes_get (bytes)

0 ALLOCATION_SIZE (bytes)

0 DEALLOCATION_SIZE (bytes)

0 bytes _leaked (bytes)

0.00 maximum_heap_memory_allocated (bytes
1.19e10 bytes_sent (bytes)

1.19e10 bytes _received (bytes)

M3IIA Waishs

13410

EEO0O00000EOE

4

-

All (96 elements)

What k|nd Of 1.17e8 (100.00%) 1.1798‘ Where |S It |n the b | 1.17e8 (10 HOW |S It
performance source code? distributed across
metric? In what context? the processes/threads?

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 19
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Plain summary analysis report (expanded call tree/system tree)

CubeGUI-4.4.3: scorep_tea_leaf_baseline_8x12 _sum/profile.cubex <@jrl11>

File Display Plugins Help
Restore Setting ~ Save Settings
Absolute v | | Absolute v | | Absolute M
Metric tree CaII tree . Flat view ESystem tree m Statistics ‘Su 4 g
1.17e8 Visits (occ) </ |~ m 0.00 tea_leaf baseline - =
~ @ 0.03 MAIN_ - O 0.00 node jrc1531 2
O 0.00 Minimum Inclusive Time (sec) » W 7.53 tea_module.tea_init_comms_ ~ O 0.00 MPI Rank 0
97.11 Maximum Inclusive Time (sec) » @ 0.27 !$omp parallel @tea_leaf.f90:45 35.30 Master thread Q
O 0 bytes_put (bytes) » W 3.30 initialise_ 35.28 OMP thread 1 3
O 0 bytes_get (bytes) ~ @ 0.00 diffuse_ 35.29 OMP thread 2
O 0 ALLOCATION_SIZE (bytes) v 0.00 timer_ 35.29 OMP thread 3
[0 0 DEALLOCATION_SIZE (bytes) v 0.06 set _field_module.set field_ 35.28 OMP thread 4
O 0 bytes_leaked (bytes) v 0.01 timestep_module.timestep_ 35.29 OMP thread 5
O 0.00 maximum_heap_memory_allocated ~ @ 0.75 tea_leaf module.tea_leaf 35.28 OMP thread 6
1.19e10 bytes_sent (bytes) » @ 0.26 timer_ 35.29 OMP thread 7
1.19e10 bytes _received (bytes) » [ 115.14 update_halo_module.update_halo 35.29 OMP thread 8
» [ 6.36 tea_leaf kernel_cg_module.tea_leaf kernel_init_cg 35.29 OMP thread 9
» @ 20.78 tea_module.tea_allsum 35.29 OMP thread 10
» W 0.76 tea_leaf kernel cheby module.tea leaf kernel ch 35.30 OMP thread 11
- [ 1.24 tea_leaf kernel_cg_module.tea_leaf kernel_soive » @ 427.03 MPI Rank 1
~ @ 1.69 '$omp paraliel @tea leaf cg.fo0: 186 ~ O 0.00 node jrc1532
» @ 426.92 MPI Rank 2
5.83 Isomp implicit barrier @tea_leaf_cg.fQO:lS » @ 431.03 MPI Rank 3
2.63 !$omp implicit barrier @tea_leaf cg.f90:200 - O g 0402r210£if &;}333k .
= = 2 ~ [ 2.43 tea_leaf kernel cg module.tea leaf kernel solve ’ an
Distribution of the selected node - W 2.01 'Somp paraliel @tea leaf cg.f90:234 » @ 430.27 MPI Rank 5
. - O 3402.24 '$omp do @tea_leaf cg.f90:247 ~ O 0.00 node jrc1534
across the tree on the right 6.36 'Somp Implicit barrier @tea_leaf cg.f90:2t " @ 428.48 MPI Rank 6
W 2.72 !'$omp implicit barrier @tea_leaf cg.f90:257 » @ 431.53 MPI Rank 7 ~
~ @ 2.04 tea_leaf_ kernel _cg_| module tea leaf kernel_solve _ | -
Collapsed: inclusive value ‘ tLJ 41656 clements
. 0.00 3421.11 (39.63%) 8633439| |o.oo 0.00 (0.00%) 3421.11‘
Expanded: exclusive value L '
I

v
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Post-processed summary analysis report (Scalasca)

Split base metrics from
plain report into

hierarchy of more
specific metrics

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION

File Display Plugins Help

Restore Setting ~ Save Settings

CubeGUI-4.4.3: scorep_tea_leaf_baseline_8x12_sum/summary.cubex <@jri11>

Absolute v | | Absolute v | | Absolute e
E Metric tree Call tree Flat view ¥ system tree | M statistics Sunburst Pr |» g
~ O 0.00 Time (sec) </ | ~ @ 0.00 tea_leaf baseline - s
~ O 0.00 Execution ~ @ 0.03 MAIN__ ~ O 0.00 node jrc1531 p
» @ 0.00 tea_module.tea_init_comms_ ~ 0 0.00 MPI Rank 0
- 0O 0.00 MPI » @ 0.00 !$omp parallel @tea_leaf.f90:45 35.30 Master thread Q
» @ 7.97 Management » @ 2.15 initialise_ 35.28 OMP thread 1 g
» @ 0.38 Synchronization ~ @ 0.00 diffuse 35.29 OMP thread 2
~ O 0.00 Communication » @ 0.00 timer_ 35.29 OMP thread 3
12.08 Point-to-point » ® 0.06 set_field_module.set field_ 35.28 OMP thread 4
19.82 Collective » @ 0.00 timestep_module.timestep 35.29 OMP thread 5
O 0.00 One-sided ~ @ 0.75 tea leaf module.tea leaf ~ 35.28 OMP thread 6
» O 0.00 File I/O » 0.26 tTmer: - 35.29 OMP thread 7
~ O 0.00 OpenMP » @ 51.30 update_halo_module.update_h 35.29 OMP thread 8
~ O 0.00 Synchronization » @ 6.22 tea_leaf kernel_cg module.tea_ 35.29 OMP thread 9
~ O 0.00 Barrier » @ 1.03 tea module.tea alisum 35.29 OMP thread 10
O 0.00 Explicit » ® 0.61 tea_leaf _kernel_cheby_module.t 35.30 OMP thread 11
114.81 Implicit ~ @ 1.24 tea_leaf kernel_cg_ module.tea_ ~ O 0.00 MPI Rank 1
O 0.00 Critical ~ @ 1.69 '$omp paraliel @tea leaf cg. 35.59 Master thread
O 0.00 Lock API m 3421.11 !$omp do @tea leaf ¢ 35.58 OMP thread 1
O 0.00 Ordered O 0.00 !$omp implicit barrier @ 35.58 OMP thread 2
O 0.00 Task Wait O 0.00 !$omp implicit barrier @te 35.58 OMP thread 3
O 0.00 Flush ~ @ 2.43 tea leaf kernel cg module.tea 35.58 OMP thread 4
O 0.00 Overhead ~ @ 2.01 '$omp paraliel @tea_leaf cg. 35.58 OMP thread 5
» @ 656.11 Idle threads - @ 3402.24 '$omp do @tea_leaf c¢ 35.59 OMP thread 6
1.17e8 Visits (occ) O 0.00 !'$omp implicit barrier @ 35.59 OMP thread 7

» @ 2.37e10 Bytes transferred (bytes) O 0.00 '$omp implicit barrier @te 35.58 OMP thread 8 ~

» O 0 MPI file operations (occ) = ~ @ 2.04 tea_leaf kernel_cg_ module.tea__ | »

g o . » q -t et S N All (96 elements) .
|o.oo 8478.33 (91.27%) 9289.50| lo.oo 3421.11 (40.35%) 8478.33| |oloo 0.00 (0.00%) 3421‘11|
[ u I

v

D ———
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Scalasca Trace Tools

trace tools ('3

scalasca




WRTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

Scalasca Trace Tools

DOl 10.5281/zenodo.4103922

= Scalable trace-based performance analysis toolset for the most popular

parallel programming paradigms

» Current focus: MPI, OpenMP, and (to a limited extend) POSIX threads

= Analysis of traces including only host-side events from applications using CUDA, OpenCL, or
OpenACC (also in combination with MPI and/or OpenMP) is possible, but results need to be
interpreted with some care

» Specifically targeting large-scale parallel applications
= Demonstrated scalability up to 1.8 million parallel threads
= Of course also works at small/medium scale

= | atest release:
= Scalasca Trace Tools v2.6.1 (December 2022), coordinated with Score-P v8.0

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 23
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Automatic trace analysis

» Jdea
» Automatic search for patterns of inefficient behavior
= Classification of behavior & quantification of significance
» Identification of delays as root causes of inefficiencies

Call
— £1 path
Low-level High-level = S
o
event trace result P
>
Location

» Guaranteed to cover the entire event trace
» Quicker than manual/visual trace analysis
= Parallel replay analysis exploits available memory & processors to deliver scalability
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Example: “Late Sender” wait state

N
o) MPI Send MPI Send
5 ~ ~
S MPI Recv MPI Irecv H MPT Wait S
< > = )
A time .
o) MPI Isend MPI Wailt MPI Isend MPI Wait
3 ~ I
S MPI Recv MPI Irecv H MPI Wait
<= = S
time .

= Waiting time caused by a blocking receive operation posted earlier than the

corresponding send

= Applies to blocking as well as non-blocking communication

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION
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Example: Critical path

foo foobar
S
S

foo Send bar foobar

time

Computation Communication _ Critical path

= Shows call paths and processes/threads that are responsible for the program’s

wall-clock runtime
= Identifies good optimization candidates and parallelization bottlenecks
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Example: Root-cause analysis

Send

>

Computation

Send Communication

Recv

uoI}eoo|
vs

N

Direct Wait state
Recv
< Indirect >< Direct >

~
7

time

= Classifies wait states into direct and indirect (i.e., caused by other wait states)
= Identifies delays (excess computation/communication) as root causes of wait states

= Attributes wait states as delay costs

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 27
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Scalasca Trace Tools features

= Open source: 3-clause BSD license
= Portability: supports all major HPC platforms
= Scalability: successful analyses with >1M threads

= Uses Score-P instrumenter & measurement libraries

= Scalasca v2 core package focuses on trace-based analyses
= Provides convenience commands for measurement, analysis, and postprocessing

= Supports common data formats
» Reads event traces in OTF2 format
= Writes analysis reports in CUBE4 format

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION 28
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Example: Root-cause analysis - CESM Sea Ice Module

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T629g16.4096.120304-162028.topo.cube.gz
File Display Topology Help

Absolute v Absolute v Peer distribution v
Metric tree Call tree | Flat view Topology 0 Topology 1 | Virtual topology < »
& [] 0.00 Time 2 [ 0.00 ice_comp_mct:ice_run_mct (0.00% 2 R e 4
&+ [ 1.83e5 Execution 311.34 ice_comp_mct:ice_import_rr | : faiiiiRisisics ||
=+ [l 0.34 MPI 5438.88 ice_diagnostics::init_mass_:

4386.36 ice_step_mod::step_thermz | ‘
[ ] 0.00 ice_step_mod::step_dynamics | | \
B+ [] 0.00 ice_dyn_evp::evp (0.00%)
[ 191.82 ice_boundary:ice_halc | ‘
[ 216.54 ice_grid: t2ugnd vecto | \
[l 202.63 ice_boundary:ice halc
[ ] 0.00 ice_boundary::ice haloup
L [ 2.50e4 MPI_Waitall | \
= [l 353.54 ice grld :u2tgrid_vecto |
&+ [E 1.16e4 ice_transport_driver: trans |
= [l 1711.84 ice_state:bound_state | Sitedsd : \

3.21e4 Synchronization
=+ [] 0.00 Communication
=+ [@ 1.18e5 Point-to-point
[ 1.74e5 Late Sender
0.02 Late Receiver
O 1.06e5 Collective
] 0.00 Init/Exit
L[] 0.00 Overhead
- [ 2.73e10 Visits
+ [l 2.17e6 Synchronizations
+ [l 1.87e10 Communications

+ [l 1.91e13 Bytes transferred

+ [l 2.82e5 Short-term delay costs

&+ [ 0.00 ice_history::ice_write_hist (0.00"
Bt [] 0.00 ice_history_write::icecdf (0.0

&+ (B 6511.58 cice_runmod::coupling_pref M B

+ [l 2.76e5 Delay costs
1 [] 0.00 Wait states (direct vs. indirect)
&+ [1 1.45e5 Direct wait time
[Cd 1.40e5 Indirect wait time
- [l 2.85e5 Wiait states (propagating vs. te

11.64 ice_broadcast::broadcas ‘
1442.53 ice_pio:ice_pio_init
3.34 ice_pio::ice_pio_initdecol
281.19 ice_pio:iice_pio_initde: \
252.77 nf_mod::pio_def_dim

E
E
E
& [l 9.58e4 Computational imbalance
E
E
E

G+ [l 201.86 Critical path profile 352.10 nf_mod::def_var_md W

&+ [l 6.08e5 Performance impact 123.11 nf mod::ing_ “varid varc ~ s
I e T Y Y P U St T SR P

<[§ J <> < 5 ] < > S T S1Y

0.00 1.45e5 (50.86%) 2.85e5(0.00 2.50e4 (17.26%) 1.45e5| (0.00 0.00 100.00

| -
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Example: Root-cause analysis - CESM Sea Ice Module

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T629g16.4096.120304-162028.topo.cube.gz
File Display Topology Help
Absolute v | | Absolute v Peer distribution v
Metric tree Call tree | Flat view Topology 0 Topology 1 | Virtual topology < »
&[] 0.00 Time 2 [ 0.00ice_comp_mct:ice_run_mct (0.00° % gz - e m o
&+ [ 1.83e5 Execution ‘ 171.63 ice_comp_mct:ice_import_n | Siiiiint HH |
=+ [ 0.34 MPI 6982 .49 ice_diagnostics::init_mass_:
3.21e4 Synchronization ‘ [E 9775.74 ice_step_mod::step_therm? | ‘
=+ [] 0.00 Communication || B[] 0.00 ice_step_mod::step_dynamics | | \
=+ [@ 1.18e5 Point-to-point B+ [] 0.00 ice_dyn_evp::evp (0.00%) : -
] 1.74e5 Late Sender | 1814.08 ice_boundary:ice_ha | : ‘
0.02 Late Receiver | 3319.83 ice_grid::t2ugrid_vect | \
(O 1.06e5 Collective 1589.51 ice_boundary:iice_ha
(] 0.00 Init/Exit | (] 0.00 ice_boundary:iice_haloup | |
L[] 0.00 Overhead | L [ 8.79e4 MPI_Waitall | : \
— [l 2.73e10 Visits | 1179.55 ice_grid::u2tgrid_vect | ‘
= [l 2.17e6 Synchronizations &+ [ 1.38e4 ice_transport_driver::trans
&+ [l 1.87e10 Communications \ & @ 915542 ice_state::bound_state || i \
&+ [l 1.91e13 Bytes transferred | b [ 2017.86 cice_runmod::coupling_prey | SisisesRd s Rzt Bisseiciss Fi ‘
- [l 9.58e4 Computational imbalance &+ [ 0.00 ice_history::ice_write_hist (0.00"
&+ [l 2.82e5 Short-term delay costs ‘ Bt [] 0.00 ice_history_write::icecdf (0.0 | ‘
&+ [l 2.76e5 Delay costs ‘ 0.02 ice_broadcast::broadcast | ‘
&+ (1 0.00 Wait states (direct vs. indirect) 0.04 ice_pio::ice_pio_init -
[ 1.45e5 Direct wait time ‘ 0.09 ice_pio:iice_pio_initdecol ‘
(] 1.40e5 Indirect wait time | 67.67 ice_pio:ice_pio_initdect \
G+ [l 2.85e5 Wait states (propagating vs. te 61.62 piodarray::write_darray_:
=+ [l 201.86 Critical path profile L 1.44 piodarray::write_darray_4 W
[l 6.08e5 Performance impact ~ [ [l 140.06 ice_diagnostics::runtime_diag . s
v T 1 AAAan wmmbmidiialiciemen£ila waia /A AN, P=——————— =)<>
<@ J <> ||<H J <>
0.00 1.40e5 (49.14%) 2.85e5(0.00 8.79e4 (62.83%) 1.40e5| [0.00 0.00 100.00
| -
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Example: Root-cause analysis - CESM Sea Ice Module

m Cube 3.0 QT: Experiments/epik_trace_filtercice_D_T629g16.4096.120304-162028.topo.cube.gz

File Display Topology Help

Absolute v Absolute v Peer distribution v
Metric tree Call tree | Flat view Topology 0 Topology 1 | Virtual topology < »
& [] 0.00 Time A [ 9.97 ICe_TIUX:INIL_riux_ocn A T O
& [ 1.83e5 Execution 200.42 ice_step_mod::prep_radiatiol ;
&+ [ 0.34 MPI (O] 3.16e4 cice_runmod::step_therm1 i
1.01e4 ice_step_mod::step_therm2 \

3.21e4 Synchronization
=+ [] 0.00 Communication
=+ [@ 1.18e5 Point-to-point
] 1.74e5 Late Sender
0.02 Late Receiver
(O 1.06e5 Collective
[] 0.00 Init/Exit
L[] 0.00 Overhead
- [l 2.73e10 Visits
+ [l 2.17e6 Synchronizations
+ [l 1.87e10 Communications
+ [l 1.91e13 Bytes transferred
+ [l 9.58e4 Computational imbalance
+ [l 2.82e5 Short-term delay costs
1 [l 2.76e5 Delay costs
= [] 0.00 Wait states (direct vs. indirect)
[ 1.45e5 Direct wait time

i I g I g IOy By |

18.02 ice_step_mod::step_dynamics
I Wl 1.48 ice_flux:init_history_dyn

— [l 10.78 perf_mod::t_barrierf

& [ 2.34e4 ice_dyn_evp::evp

3.23 ice_dyn_evp::evp_prep1

4 .54 ice_grid::to_ugrid

2.64 ice_dyn_evp::evp_prep2
367.41 ice_mechred:ice_strel
437.34 ice_boundary::ice_halc
3639.12 ice_boundary:ice_ha
2742.05 MPI_lrecv
E 2160.76 MPI_Isend
] 7.38e4 MPI_Waitall
1277.20 ice_grid::u2tgrid_vect

445.78 ice_boundary::ice_halc ‘

796.38 ice_grid::t2ugrid_vecto n

[ 1.40e5 Indirect wait time B [ 2.23e4 ice_transport_driver:trans ‘

G+ [l 2.85e5 Wait states (propagating vs. te G I 2231.08 lc-e_.r.nechred::-rldge_lce

&+ [l 201.86 Critical path profile B [l 97.12 lcg_ltd..cleanup_ltd u
t+ [ 6.08e5 Performance impact & [l 2198.30 ice_state::bound_state U PN

++ M 105.75 ice itd::aaareaate vl < 3

<@ J <> ||<E 3 <> e —

0.00 2.76e5 (100.00%) 2.76e5(0.00 7.38e4 (26.78%) 2.76e5(0.00 0.00 100.00
o -
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Putting it all together
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1
v

Measurement
library

Instr. HWC

target
application

1
Instrumented
executable

Score-P

Instrumenter
compiler/linker

Source
code
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Optimized measurement configuration

I
1
Summary

—
—— Event traces
—

—

Parallel trace
analysis

\ 4

report

Trace analysis
report

Scalasca Trace Tools

CubeGUI-4.4.3: scorep_tea_leaf_baseline_8x12_sum/summary.cubex <@jri11>

—

—

Report
postprocessing

File Display Plugins Help
Restore Setting ~ Save Settings
Absolute Absolute Absolute 0]
[ vetric tree Ecaitree | [l Fiat view B system tree | Ml statistics | M sunburst | Mpr 2| &
~ 0 0.00 Time (sec) - '~ ® 0.00 tea_leaf baseline B 1=
- 0 0.00 Execution ~ ® 0.03 MAIN__ ~ 0 0.00 node jrc1531 H
0.00 tea_module.tea_init_comms_ ~ O 0.00 MPI Rank 0
~ 0 0.00 MPI .00 !somp parallel @tea_leaf.f90:45 35.30 Master thread 2
» @ 7.97 Management 15 initialise N 35.28 OMP thread 1 E4
» ® 0.38 Synchronization .00 diffuse_~ 5.29 OMP thread 2
- 0 0.00 Communication 0.00 timer. 35.29 OMP thread 3
12.08 Point-to-point .06 set_field_module.set_field_ 35.28 OMP thread 4
19.82 Collective » @ 0.00 timestep_module.timestep_ 35.29 OMP thread 5
0 0.00 One-sided ~ @ 0.75 tea_leaf_module.tea_leaf 35.28 OMP thread 6
» O 0.00 File I/0 » @ 0.26 timer_ -7 35.29 OMP thread 7
~ 0 0.00 OpenMP 1.30 update_halo_module.update_h 35.29 OMP thread 8
0 0.00 Synchronization .22 tea_leaf kernel_cg_module.tea_ 35.29 OMP thread 9 <
~ 0 0.00 Barrier .03 tea_module.tea_allsum_ @ 35.29 OMP thread 10
0 0.00 Explicit .61 tea_leaf kernel cheby module.t 35.30 OMP thread 11
114.81 Implicit 1.24 tea_leaf_kernel_cg_module.tea_ ~ 0 0.00 MPI Rank 1
O 0.00 Critical ~ @ 1.69 'Somp paraliel @tea_leaf cg. 35.59 Master thread
0 0.00 Lock API 35.58 OMP thread 1
O 0.00 Ordered O 0.00 '$omp implicit barrier @ 35.58 OMP thread 2
O 0.00 Task Wait 0 0.00 !$omp implicit barrier @te 35.58 OMP thread 3
0 0.00 Flush - ® 2.43 tea_leaf kernel cg_module.tea_ 5.58 OMP thread 4
O 0.00 Overhead ~ @ 2.01 'Somp paraliel @tea_leaf cg. 5.58 OMP thread 5
» @ 656.11 Idle threads - O 3402.24 'Somp do @tea_leaf c¢ 5.59 OMP thread 6
1.17e8 Visits (occ) O 0.00 '$omp implicit barrier @ 35.59 OMP thread 7
» .37e10 Bytes transferred (bytes) 0 0.00 '$omp implicit barrier @te 35.58 OMP thread 8 -
» O 0 MPI file operations (occ) ~ @ 2.04 tea_leaf_kernel_cg_module.tea_ 2
E——" r————— > < T =t | All(96 elements) -
0.00 8478.33 (91.27%) 9289 so‘ ‘o 00 342111 (40.35%) 8478 :‘ |o 00 0.00 (0.00%) 342111
B

Cube
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Vampir, TAU, Extra-P, Darshan




Vampir Event Trace Visualizer

WRTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

VAMPIR_

ﬂ

= Offline trace visualization for Score-P’s
OTF2 trace files

= VVisualization of MPI, OpenMP

and application events:

= All diagrams highly customizable (through context menus)
= Large variety of displays for ANY part of the trace

= http://www.vampir.eu

= Advantage:
» Detailed view of dynamic application behavior
= Disadvantage:

= Requires event traces (huge amount of data)
= Completely manual analysis
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Vampir Displays

W File View Help
View Chart Filter

=Erwe3d

[Trace View - /home/dolescha/tracefiles/feature-traces/wr

'S 6 v 7 || N NG

Timeline

40 s

Function Legend

{Application

B ovn
M o
™o

B MEM
™ mpi
[T pHYS
W vT_API
M wrF

Os Ss 10 s 1S5 s 20s 25s 30s 35s
Process 8
Process 25
Process 42
Process 59
Process 0 ‘ ‘ ~
S
2 1 | | | | ] |
; B0 LG TR T BT HET
ai Hgillllllllllill n § 1 F |1 1 B
6 ANCITTTOM | AWWERN NNRNMURY RNDNNNN URRRRNR (NNNRNNY DOROOD IO
HERERRIREN ¢ A [HEREER I EEE R S AR - A, IRHREENN (RN 111
Process 0, Values of Counter "MEM_APP_ALLOC" over Time
S0M
oM
I

Process Summary

Property

F-p64-io-mem-rusage/wrf. 1h.otf]

® Function Summary £ I

 IWINIY RITR e v

Function Summary
All Processes, Accumulated Exclusive Time p...

242{95072 s
112.424503 s

' 3.467969 s
2.165661 s |Appl...tion
13913925 [VT_API  —

i =i

Communication Matrix View

Number of Messages

Context View

+

|Va|ue

Display

Function Group
Accumulated Exclusive Time 748.945947 s (29.198329%)

Function Summary
MPI (6)
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Vampir: Timeline Diagram

1 Vv - Vi - d i ture-t -p64-io-mem-rusage/wrf. 1h.
= Functions organized into W i View Hel SEE:
groups ERXLOTIERS HO V ﬁl‘ | S I TRUAN, NITVIN (INUD TWONEY I I||l|!i|’||l i}
Timeline _! App“:::i;tnlon Legen
0s 5s 10s 15 s 20s 25s 30s 35s 40's M ovN
_ : ; |
= Coloring by group e B e
Process 7 PHYS I
H Process 10 = x‘l;{_FAPI
» Message lines can be colored Process 15 [
. Process 16 i
by tag Or Slze Process 19 ‘
i Context View
Process 22 — 5= Master Timeline I -
Process 25 : Property |Va|ue
= Information about states, S e e
. 4 Function Name open
messages, collective and I/0 process 30 g fncion Group 10
Process 37 ™ nterval Begin 8 s
operations available through process a0 S b Laas
. . . Process 43 = Source Fille
clicking on the representation processao A Source Line
Process 49 4
Process 52 3
Process 55 :_
Process 58 :
Process 61 3
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Vampir: Process and Counter Timelines
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= Process timeline
show call stack nesting

= Counter timelines

for hardware and
software counters

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION

W File View Help -8 x
View Chart Filter
=ExLOTFERS ¢ o 7 NN TS R WSO TR R0 S e
Timeline Function Legend
M Application
17.9s 18.0s 18.1s 1845 M o
Process 0 H i : i :l . /0
R (. E 0
I | 11T (o I (T [T eETTICTIT o TN [ o |
: my W T L A —
6 [ B T AP
, | mwe
Process 63 : zl
2 | : |
3 | |
a LRNLIT W || |||||||||I||I I | AT 1 TR o O (1 |||l| = — e
5 B —'%W m | " I %" Process Timeline [£) I -
6 | ] Property |Va|ue
7 g | ~| Display Process Timeline
Process 0, Values of Counter "MEM_APP_ALLOC" over Time ] Type ) Functiorﬁ
i : ] Function Name MPI_Wait
Function Group MPI
Interval Begin  18.121 s
SoM Interval End  18.121s
Duration 0s
Source File
oM : : Source Line
Process 63, Values of Counter "ru utlme over Tlme
m : ] -
------ ;( " J,’ 'l‘ \E/"\'\ [ ], — o \‘/----- o ]', I
750 k Ve U ;
0k
Kl {1 2
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Vampir: Execution Statistics

WRTYUALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

= Aggregated profiling
information:
execution time,
number of calls,

inclusive/exclusive
= Available for all / any

group (activity) or
all routines (symbols)

= Available for any part of the trace

=~ selectable through time line diagram
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W File View Help
View Chart Filter

Function Summary

MPI[39.185731 s]

PHYS [73.474569 s]

All Processes, Accumulated Exclusive Time per Function Group

ExLOTFERS G v 7 I T NTA WNANA (51010 WIRTI TRt

Function Summary
All Processes, Accumulated Exclusive Time per Function

10 s 0s

-8 x

solve_em_ 2
module_radiati...iation_driver_
MPI_Wait

DYN [135.259444 s]

[22.130618 5!
16.62€655 s module_em_m..._step_prep_

8.207032 module_small..._advance_uv_
7.81899is module_small...dvance_mu_t_
3.885892 s module_small_...p_calc_p_rho_
3.882541 s module_small_...Il_step_prep_
3.663714 s module_small..._mp_sumflux_
3.591342s W MPI_Isend
3.38529 s [ Imodule_cumul...ulus_driver_
2.965933 s module_em_mp...date_scalar_
2.614259 s module_em_m...ddtend_dry_
2.448983 s module_advec...mp_advect_u_
2.4G0911s module_adve...p_advect_w_
2.392384 s module_advec...mp_advect_v_
2.295455 s I MPI_Irecv
2.147392 s module_surfac...rface_driver_
1.739366 s [l module_small_..._step_finish_
1.265127 s @ module_em_m...o_tendency_
1.141828 s [ module_small_..._calc_coef_w_

774

700.%

SR PR module_em_mp_rk_tendency_
030524 s
4.797311's |
8.571178

module_microp...ysics_driver_

module_small...p_advance_w_
module_pbl_dr...p_pbl_driver_
module_advect...dvect_scalar_

4239 ms module_physi..._mp_add_aza_

4165 ms fmodule_em_m...e_phy_tend_ ~|




Vampir: Process Summary

VIRTYUALANSTITUTE =~ HIGH PRODUCTIVITY SUPERCOMPUTING

= Execution statistics

over all processes
for comparison

= Clustering mode
available for large
process counts

Erkedi

[Trace View - /home/dolescha/tracefiles/feature-traces/wrf-p64-io-mem-rusage/wrf. 1h.otf’
I File View Help

View Chart Filter

ome/dolescha/tracefiles/feature-traces/wr

RS &6 v~ | N TR

Process summary

15 s

=p6d-io-mem-rusage/wrf. Th. ot
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Vampir: Communication Statistics

" Byte and message count Fle View Help
4 View Chart Filter
. Exiked 1 6 & Vv # | | i N
min/max/avg message leng
Average Bandwidth
d min/max/ bandwidth
an N ax/avg bandwil r
- Process 0
2501
or eacn process pair Process 3
' File View Help Process 6
View Chart Filter Process 9 =
» Message length &
—N Tk s Process 12
= L= < 7 NN 2001
Message Summary Process 15
= - 4500 3000 1500 0 Process 18
i [
statistics
10.664062 KiB Process 24
10.9375 KiB
23.203125 Kig Process 27 1501
16.875 KiB Process 30
16.453125 KiB Process 33
N 1251
48.398438 KiB Process 36
145.1...2 KiB Process 39
75.839844 KiB
Process 42 B
60.800781 KiB
218.4...5 KiB Process 45
36.09375 KiB Process 48 '
35.273438 KiB Process 51
i I Process 54
Message Summary
1600 MiB/s 1280 MiB/s 960 MiB/s 640 MiB/s 320 MiB/s 0 MiB/s Process 57
= 8488 MiB/s 212.6..8KB 2 Process 60
FPE G 217 59375 Kig Drocace A2
561904002 MiBfs  SRER-IPRC:]
)
ELERERCERUIETEN 108.28125 KiB
453.213465 NIiB/s 296.71875 KiB
477.257369 MiB/s 159.2...5KiB
69.472582 MiB/s 162.9375 KiB =
67.421276 35.273438 KiB u Ava I Ia b | e fo r a n a rt
461.590886:MiB/s 36.09375 KiB
457.004166:MiB/s 325.875 KiB
451.100737: MiB/s 318.46875 KiB Of t h e t ra C e
432.708147 MiB/s 147.65625 KiB
404.654303 MiB/s 48.398438 KiB
i : ~|
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Vampir: CUDA Example

Vampir - [Trace View - /home/juckedDes i op'ixg 10 24x 372 2000 _co/trans ot f]

. . . N File View Help EEE
= Detailed information View Chat Filter
on kernel execution ExkeIEES BOCV A  nbes
=Y
and memory p_—
2367 2368 2369 2370 2371 2372
transfers : : i * Ak ;
Process 1
CUDA[D] 11
. . Thread 1:2
= All statistics and Thread 13
. Process 2
displays also CUDAD] 21
. Thread 2.2
available for CUDA Thiead 23
Process 3
events CUDAI] 31
Thread 3.2
Thread 3.3 I :
<« ‘ [ ' : ) ’
Function Summary Context View Functon Legend
All Processas Accumulated Exclusive Time per Fun B MasterTimeline X - Application
100 ms 0ms . . CUDA_API
Property Value — CUDA_KERNEL
CUDA_KERNEL o 2
g ™ CUDA_MEMCPY_SYNC
CUDA_MEMCPY_SYNC ?;::'" :‘::::;:'me"ne E we
!07'"9“5 ms | Application Function Name deviceMoveAndM: T
25576914 ms VP Function Group CUDA_KERNEL
, 1877892 ms |CUDA API Inerval Begin  23.708293 s
! X 2 Interval End  23.718334s |
; . ln_cqu Duaan a010a41s v
| |
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TAU

= VVery portable tool set for
instrumentation, measurement and analysis
of parallel multi-threaded applications

= http://tau.uoregon.edu/ Tuning and Anlysis Uites

= Supports
= Various profiling modes and tracing
= Various forms of code instrumentation
» C, C++, Fortran, Java, Python
= MPI, multi-threading (OpenMP, Pthreads, ...)
= Accelerators
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TAU: Instrumentation

= Flexible instrumentation mechanisms at multiple levels
= Source code
= manual
= automatic
=C, C++, F77/90/95 (Program Database Toolkit (PDT))
= OpenMP (directive rewriting with Opari)
= Object code
= pre-instrumented libraries (e.g., MPI using PMPI)
= statically-linked and dynamically-loaded (e.g., Python)
= Executable code
= dynamic instrumentation (pre-execution) (DynlInst)
= virtual machine instrumentation (e.g., Java using JVMPI)
= Support for performance mapping
= Support for object-oriented and generic programming

IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION
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TAU: Basic Profile View
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IHPCSS23 - PERFORMANCE ANALYSIS AND OPTIMISATION

File Options Windows

Help

n,ct, 0,0,0 - S12proc/samrai/taudata/neutronbackup/rs/sameer/Users/

File Options Windows Help

COUNTER NAME: P_WALL_CLOCK_TIME (seconds)

tor3::advance_bdry_fill_create
103.2566 [ algs 3::advanceLevel()

59.0096 [ algs::HyperbolicLevellntegrator3::fill_new_level_create
37.4482 [ mesh::GriddingAlgorithm3::load_balance_boxes
32.8548 [] algs::HyperbolicLevellntegrator3::advance_bdry_fill_comm
21.4095 [ mes ::GriddingAlgorithm3::findRefinementBoxes()
13.4925 [ algs perbolicl grator3: _f _create
12,6572 algs::Hyperbolicl linteg 3 _sync_create
10.4408 [I mesh::GriddingAlgorithm3::find_boxes_containing_tags
8.9215 I MPI_Init()
8.6893 ] mesh::GriddingAlgorithm3::bdry_fill_tags_create
7.2717 I MPI_Bcast()
7.1321 [ MPI_Wait()
4.0833 | algs::HyperbolicLevellntegrator3::error_bdry_fill_comm
3.6778 | MPI_Finalize()
3.1405 | MPI_Isend()
3.0156 | MPI_Waitall()
2.3457 mesh::GriddingAlgorithm3::
1.7275 | MPI_Test()

1.6515 | algs::HyperbolicLevellntegrator3::fill_new_level_comm
1.3919 | MPI_Comm_rank()

_i tions_regrid_all

m
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TAU: Callgraph Profile View

sameer/users/home/sanfs/mnt/

ANNNNENNNNENNNNNNNNNNNNNNNEEN

Box width and
colour indicate
different
metrics
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TAU: 3D Profile View

<WRTYALANSTITUTE = HIGH PRODUCTIVITY SUPERCOMPUTING

X ParaProf Visualizer

File Options Windows

Help

Height and
colour indicate
different metrics

[=]=][x]

4
¥

® Triangle Mesh
Bar Plot

Scatter Plot

Height Metric
Exclusive v | |Time

Color Metric

Exclusive v | Time
MPI_Barrierd
Function
4 »
16:0:0
Thread
4 »

Height value 1.22293E8 microseconds

Color value 1.2223E8 microseconds

Mesh Plot | Axes | ColorScale Render

Orientation

v|Show Axes NW NE

SE® SwW
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Extra-P

= Goal: identification of parts of the program which scaling behavior is unintentionally
poor (much worse than expected) by means of automatic performance-modeling

= Supports Linux (x86x86_64/1A64/PPC/Power), Mac OS X (x86_64)
= Accepts input files in the Cube format and processes them into a condensed Cube
format containing functions for each metric and call path

= http://www.scalasca.org
= Open Source: BSD 3-Clause License
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http://www.mcs.anl.gov/research/projects/darshan/
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Interactive exploration of performance models in Extra-P

B calltree Flat view B system tree Exploration Hotspots M >

- @ 0.0035*p~(1/2) MP|_Waitall A
@ 0.00075*p~(3/4) + 0.12 MPI_Waitall Process control
- @ 0.0061*p~(1/2) + -0.0034 MP!_Irecv Model control

[EH 0.0025*p~™(1/2) + -0.0015 ComPol VecCopy extract Plot
=&~ 0.0047*p~(1/2) + 0.0037 norm o

--[d 0.0013*p~(1/2) + 0.00034 change_storage_type
- [0 0.0014*p~(1/2) ParVec_CSTAdditive2Unique
--[d 0.016%¥p~(1/2) + -0.014 AdditiveToUnique
-~ [d 0.0062*p~(1/2) + -0.0043 MPI_lrecv
--[d 0.002*p~(1/2) + 0.00063 Waitall
- [@ 0.0035*%p~(1/2) MPI_Waitall
@ 0.0076*%p~(1/2) + 0.008 MPI_Waitall
- [ 0.0026%p~(1/2) ComPol_VecAddSetZero_extract
[ 0.0031*p~™(1/2) ComPol_VecAddSetZero_collect
[d 0.0083*p~(1/2) + -0.0064 MPI_lsend
--[d 0.0025*p~(1/2) + 0.0011 ParVec_norm_allreduce
[E 0.0036*%p~(1/2) + 0.042 MPI_Allreduce
--[@ 0.013*p~(1/2) + 0.0088 dotprod
E 0.13*p~™(1/2) + 0.22 MPI_Allreduce
-[d 0.00017*p~(1/2)*log(p) + 0.0072 apply

time []

0....l....I....I....l....l....l....
[ 0.096*p~(1/2) SparseMatrix_axpy H 2500 5000 7500 10000 12500 15000
[E 0.022%p~™(1/2) + 0.014 VecScaleAdd Ll #processes
~ 2e-05*log(p) + 0.004 dof _count

- [ 4.3e-07*log(p) + 6.9e-05 sum_values_over_procs

A
M2 0605 rnllart walioe = X-max: 17080 C y-max: 0 C | Autoscale
<|
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Darshan

= I/O characterization tool logging parallel application file access

= Summary report provides quick overview of performance issues

= Works on unmodified, optimized executables

= Shows counts of file access operations, times for key operations,
histograms of accesses, etc.

= Supports POSIX, MPI-IO, HDF5, PnetCDF, ...
= Binary log file written at exit post-processed into PDF report

= http://www.mcs.anl.gov/research/projects/darshan/
= Open Source: installed on many HPC systems
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Example Darshan report extract

jobid: | uid: | nprocs: 4096 | runtime: 175 seconds
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