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What are Score-P and Vampir?

Score-P: measurement system, primarily instrumentation-based

Vampir: scalable trace visualizer for post-mortem analysis
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When are these the right tools?

You have a performance problem

You suspect the problem is complicated:

— Interaction between forms of parallelism

— Problem has dynamic behavior over space and/or time
You want to be able to filter your results at a fine-grained level
All the pieces matter!
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How to use them?

Score-P: module load correct version for your PrgEnv and toolchain
— Caution: the module is toolchain-specific!

— Works as a prefix on compile/link lines or as a compiler wrapper
— Currently: Prgknv-amd, module load scorep-amdclang

Vampir: multiple methods of use
— Local client, start a server @ OLCF
— Local client, transfer or mount trace directory
— Client at OLCF, use VNC/X11 forwarding
— Directions available with load message from module load vampir
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The standard workflow

1. Collect reference data so you can evaluate instrumentation overhead
2. Build your application with Score-P
3. Runyour instrumented application, which will by default collect a profile
4. Score this profile with the scorep-score tool, which will tell you what regions are responsible for how much
instrumentation overhead
5. Build a filter file with scorep-score and manual editing to remove uninteresting/high-overhead regions from
the instrumentation output
6. Configure your next run to use this filter and produce a trace
7. Visualize the trace data in Vampir!
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Using Vampir

Main types of views: timeline and summary

— Timelines present tracing data, location on Y-axis and time on X-axis

— Summaries present profiling data, aggregated over the currently selected time window
— Example: “how much time do | spend in MPI functions during this phase?”
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Customization for better analysis

Almost everything can be edited and saved!

— Function groups can be created to aggregate related pieces of code in the visualization: e.g. all particle—
particle interaction calculations in the same group with a chosen color

— Custom derived metrics can be calculated based on existing metrics
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Building instrumented applications

Plain makefiles: scorep <instrumenter flags> <compiler> <original args>, scorep <instrumenter
flags> <linker> <original args>

autotools/cmake: use compiler wrappers scorep-compiler <instrumenter flags> <original args>
— allows SCOREP_WRAPPER=0off for configure/CMake invocations

N
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COSMO-SPECS
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Function Summary
All Processes, Accumulated Exclusive Time per Function Group

20,000 s 15,000 s 10,000 s 5,000 s Os
:023,104.034 5 MP
L ———
11,577.183 s MP_UTIL
1,650.646 s [l Application
1,290.593s| | COUPLE
993.146 s [7] METEO
4.366 s| VT_API
Context View
= [+
Property Value
File /Users/maweber/ZIH/Traces/Vampir-Tutorial-
Creator VampirTrace 5.11.2
Version 1.11 alpha
Number of Processes 100
Timer Resolution 50 ns
Trace Times
Start Thu Nov 312:36:57 2011 (13203202177616<
Stop Thu Nov 3 12:46:30 2011 (13203207909206
Elapsed 00:09:33 (573158989)
VampirTrace Environment
VT_MODE TRACE
VT_BUFFER_SIZE 200M
VT_SYNC_FLUSH no
VT_SYNC_FLUSH_LEVEL 80
VT_MAX_FLUSHES 1
VT_METRICS PAPI_FP_OPS
VT_RUSAGE <not set>

Trace-Based Performance Analysis with Score-P and Vampir
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= Weather forecast code
COSMO-SPECS

= Run with 100 processes

= COSMO: weather model
(METEO group)

= SPECS: microphysics for
accurate cloud
calculation (MP and
MP_UTIL group)

= Coupling of both models
done in COUPLE group
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COSMO-SPECS
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Increasing MPI time

= Compared to METEO, MP
~ and MP_UTIL are very
compute intensive,
however this is due to
more complex
calculations and no
performance issue

Function Summary

All Processes, Accumulated Exclusive Time per Function Group
20,000 s 15,000 s 10,000 s 5,000 s Os
23,104.034 s (40.32%) MP
MPI
11,677.183 s (20.2%) MP_UTIL
1,550.646 s (2.71%) [l Application
1,290.593 5 (2.25%) | | COUPLE
993.146 s (1.73%) [ METEO

4.366 s (0.01%) | VT_API

Function Summary
All Processes, Accumulated Exclusive Time per Function
20,000 s 10,000 s 0s
23,104.034 s (40.32%) organize_sbm
MPI_Recv
8,009.115 s (13.98%) [N sbm_exchange_meteors

5,000.233 s (8.73%) MPI_Wait
1,845.621s (3.22%)
1,722.447 s (3.01%)

sbm_advection_pd_IfT
sbm_remov...e_meteors
1,560.646 s (2.71%) [IB] SBM_PREPARE
1,290.593 s (2.25%) || met_set
746.765 s (1.3%) [ Imorg
246.356 s (0.43%) [| org_runge_kutta
229.582 s (0.4%) H MPI_Isend
179.277 s (0.31%) || MPI_Allreduce
55.964 s (0.1%) | MPI_Init
4.366 s (0.01%) | sync time
4.212's (0.01%) | MPI_Bcast
1.017 s (0%)| MPI_Barrier

= Problem: >32% of time
spent in MPI

= MPI runtime share
increases throughout the

14,900 s

. application run
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COSMO-SPECS
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= Zoom into the first three

Function Summar A%
All Processes, Accumulated Exclusive Time pir Function Group I te ra t I O n S
400s 300s 200s 100s Os
459.796 s (51.31%) MP
248.442 s (27.73%) MP_UTIL

101.615 s (11.34%) [N \/p|

37.133 s (4.14%) [l Application

27.486's (3.07%) | | COUPLE
21.6 s (2.41%) [T METEO

= MP/MP_UTIL perform four
sub-steps in one iteration

= L.ow MPI time share

Function Summary
All Processes, Accumulated Exclusive Time per Function
400s 300s 200s 100s Os
1%) organize_sbm
173.232 s (19.33%) sbm_exchange_meteors
62.629 s (6.99%) MPI_Recv
38.278 s (4,27%) M sbm_advection_pd_IfT
37.133 s (4.14%) - SBM_PREPARE
36.932 s (4.12%) - sbm_remov...e_meteors
30.309 s (3.38%) [ MPI_Wait
27.486's (3.07%) | | met_set
16.501 s (1.84%) [M Imorg
5.099 s (0.57%) ﬂ org_runge_kutta
4.967 5 (0.55%) [| MPL_Isend
3.706 s (0.41%) || MPI_Allreduce
3.353 ms (0%) | MPI_Comm_size

= Everything is balanced
and looks okay

459.796 s (

0%
3225 i
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COSMO-SPECS

ErRLER e 3E

Timeline Function Summary

558 s 561s 564 s 567 s 570s 573 s All Processes, Accumulated Exclusive Time per Function Group

Process 0 H o = H—-— H : 800s 600s 400's 200's Os
Process 4 ' == [BEBTEATE (50-96%) " e
Process 8 504.045 s (29.92%) MP
Process 12 5 H 248.743 s (14.76%) [ MP_UTIL
Process 16 P ro Cess 4 Ca u S I n g : 32.695 s (1.94%) . Application .
Process 20 - & 20.203s (1.2%) | | COUPLE
process 24 load imbalance . yapiyeinl s

rocess
Process 32 = . 2.392's (0.14%) | vT_API
Process 36
Process 40
Process 44
Process 48
Process 52
Process 56
Process 60
Process 64
Process 68 5
Process 72 Functlo.n Sur'nmary )
Process 76 All Processes, Accumulated Exclusive Time per Function
Process 80 400s 200s Os
Process 84 MPI_Recv
Process 88 504.045 s (29.92%) organize_sbm
Process 92 220.348 s (13.08%) MPI_Wait
Process 96 170.378 s (10.11%) [N sbm_exchange_meteors

42109 s (2.5%) [M sbm_advection_pd_IfT
36.255 s (2.15%) . sbm_remov...e_meteors
= 32.695 s (1.94%) [l SBM_PREPARE
20.203 s (1.2%) || met_set
14.73 s (0.87%) E Imorg
4.545'5 (0.27%) | MPI_Isend
3.483 s (0.21%) | org_runge_kutta
2.508 s (0.15%) | MPI_Allreduce
2.392 s (0.14%) | sync time
34.136 ms (0%) | MPI_Gather
25.721 ms (0%) | Imorg_trace_off
13.697 ms (0%) | MPI_Finalize

All Processes, Exclusive Time per Function Group
100 % : :

80 %
60 %
40 %
20%
0%

e = =t e 2N T T

.564.55 5

= Zoom into the last three
iterations

Very high MPI time share
(>50%)

= Large load imbalance
caused by MP functions
around Process 54 and
Process 64
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COSMO-SPECS
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Process 21 4.366 s (0.01%) | VT_API
Process 24
Process 27 - .
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Process 36
roces 12 Static grid used for
Process 45
E:z:: 218 H Function Summary d H H b H f
Process 54 - R Raeate uaridisais-ass [ - All Processes, Accumulated Exclusive Time per Function I St rl u t I O n O p ro Ce Sse S .
Process 57 - ’ : 20,000's 10,000 s 0s
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Erocess 32 il : ‘ HERERR 5,000.233 s (8.73%) [N \pI_Wait .
rocess - I I I I | 1k (N >t ¥ , X 229 jon_pd_|
oo 75 - BRI e R e Weather, expensive cloud
Process 78 - oy ‘ ' IRRLRILI 1,660.646 s (2.71%) [l SBM_PREPARE
Process 81 : et e 1 it 1,290.593 s (2.25%) | | met_set 1
e e e 7207655 (5% imor computations (MP group)
e e E= el e | O 246.356 5 (0.43%) | org_runge kutta
Process 93 = Tt ’ i f=t iRk 229.582 s (0.4%) | MPL_isend
et et i H S g 9
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IS 22— | | 4.366 s (0.01%) | sync time
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COSMO-SPECS

V' File Edit Chart Filter Window Help

EvYRuwER @3E

WR258 64V

= Process Summary helps
finding outliers

ElE

Timeline Function Summary
555s 556s 557s 558s 559s 560s [ All Processes, Accumulated Exclusive Time per Function Group
. Metric: | PAPI Opacity: e=== | M +x = 2255 2205 28 03 2
Process 51 [ — e .
| . " @Groups processes their
: 83.502s MP_UTIL
Process 52 ; 17.372s [l Application
9.161s [‘ COUPLE - . -
behavior (similar
All Processes, Accumulated Exclusive Time per Function
200s 150s 100s 50s 0s
FioE e — . .
e o call/duration profile)
Process 55 MPI_Wait
: 56.806s (9.82%) [N sbm_exchange_meteors
17.372s (3%) BB SBM_PREPARE
Process 56 14.015 (2.42%) sbm_advection_pd_IfT
12.6875 (2.19%) sbm_remove_n...tive_meteors
i . 9.161s (1.58%) | | met_set L u I I l ( E r ( ) eX eCt e
[orSss 4.988s (0.86%) [] Imorg
1.672s (0.29%) | org_runge_kutta
Process 58 : H H H
oup ower MPI time roups is variable
Similar Processes, Accumulated Exclusive Time per Function Group
Process 59 2s 3s 4s 5s
a4 |
32
Process 60 20 - -
* » In this case 4 YIE|C|S the
Process 61 i
Context View x|
Process 62 B " proess Summeny X | 24 b e St re S u I ts
| Property Value |
Process 63 ‘Display Process Summary |
Function Group Mwp
Cluster Members Process 54, Process 55, Process 64, Process 65
Process 64
Minimum Accumulated Exclusive Time 3.701735s
E | Accumulated Exclusive Time 4.012919s
oM 200 M 400 M 600 M 800 M 1,000 M 1,200 M - Maximum Accumulated Exclusive Time 4.35886s

o |
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Further info and support

Local installation support: ask OLCF first!

— What is best practice for this installation?

— Where do | find XYZ?

— Can we get support for another toolchain installed?
— Can we get feature X enabled?

Vendor support: support@score-p.org, service@vampir.eu
— Bug reports

— Feature requests

— Other problems OLCF support can't help with

Further training options:

— (Hopefully) half-day session at OLCF coming soon

— Tutorials at SC/ISC

— VIHPS tuning workshops: 1 week of bring-your-own-code performance tools training

— Slides from VIHPS training available at https://www.vi-hps.org/training/course-material/index.html
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