VIRTUAL INSTITUTE — HIGH PRODUCTIVITY SUPERCOMPUTING

Performance Analysis Exercises with Vampir

Matthias Weber, Holger Brunst, Hartmut Mix
Technische Universitat Dresden
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VIRFUALINSTITUTE - HIGH PRODUCTIVITY SUPERCOMPUTING

Exercise Trace Files

$ 1ls $TW36/tools/vampir/examples/ = Four trace files for
exercising performance

0l-pl00-cosmo-specs-orig analysis with Vampir

02-pl100-cosmo-specs—-£d4

03 wrf deimos
04 sbmfd4 jugene » Traces show real

scorep tea leaf 8x3 trace.vampilr application runs

= Do the traces contain
performance problems?

= If yes, try to find their
causes
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01-p100-cosmo-specs-orig

LT PR LRI WL | T

. = Weather forecast code
Os 50s 100 s 150 s 200s 250 s 300s 350s 400 s 450 s 500 s 550 s All Processes, Accumulated Exclusive Time per Function Group
: : : 20,000 s 15,000 s 10,000 s 5,000 s Os
: e COSMO-SPECS
2
Process 1 o E—
Process 2 . MP_UTIL B
Process 3 1,550.646 s - Application [} R t h 1 O O
Process 4 1,290.593 s COUPLE u n W I p ro Ce S S e S
Process 5 993.146 s D METEO
Process 6 4.366 s| VT_API . h I
= COSMO: weather mode
Process 8
Process 9 Context View
Process 10 s (X B Trece. ] ][4 (ME [EO group)
Process 11 Property Value
Process 12 File /Users/maweber/ZIH/Traces/Vampir-Tutorial H 1
o w GPECS: m h f
P Creator VampirTrace 5.11.2 u I C ro S I CS O r
rocess 14
Process 15 Version 1.11 alpha N
accurate cloud calculation
Process 17 Timer Resolution 50 ns
Process 18 Trace Times
MP and MP_UTIL
Start Thu Nov 312:36:57 2011 (13203202177616¢<
( (MP an _ rou
Stop Thu Nov 312:46:30 2011 (13203207909206
Process 21
Elapsed 00:09:33 (573158989) C I H f b h d I
Process 22 m
Process 23 VampirTrace Environment u O u p I n g O Ot O e S
Process 24 VT_MODE TRACE
Process 25 VT_BUFFER_SIZE 200M d 1 ( :O U P L E
Process 26 VT_SYNC_FLUSH no O n e I n g ro u p
Process 27 VT_SYNC_FLUSH_LEVEL 80
Process 28
Process 29 VT_MAX_FLUSHES 1
Process 30 VT_METRICS PAPI_FP_OPS
VT_RUSAGE <not set>
C 4
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01-p100-cosmo-specs-orig

S @ LR O TiE & S 3 G 4 | FilNWN NN P 0 N

Timeline Function Summary [#[x]
Os 50s 100 s 150 s 200 s 250's 300s 350s 400 s 450 s 500s 550 s All Processes, Accumulated Exclusive Time per Function Group
H H H H H H H H H : : H 20,000 s 15,000 s 10,000 s 5,000 s Os
Process 0
Process 4 23,104.034 s (40.32%) MP
Process 8 MPI
Process 12 11,577.183 s (20.2%) MP_UTIL
Process 16 1,560.646 s (2.71%) B Application
Process 20 1,290.593 5 (2.25%) | | COUPLE
Process 24 993.146 s (1.73%) [7] METEO
g:zzz:z gg 4.366's (0.01%) | VT_API
Process 36
Process 40
Process 44 . . .
Increasing MPI_Wait time
Process 52 ; ! = : T == =
Process 56 - = s - : ==y
Process 60 - ; ! : : = - :
Process 64
Process 68 .
Process 72 Functlc_n Surpmary )
Process 76 All Processes, Accumulated Exclusive Time per Function
20,000 s 10,000 s 0s
Process 80 .
Process 84 organize_sbm
Process 88 _ MPI_Recv
Process 92 8,009.115 s (13.98%) _ sbm_exchange_meteors
Process 96 5,000.233 s (8.73%) [N MPI_Wait

All Processes, Exclusive Time per Function Group

1,845.621's (3.22%) [ sbm_advection_pd_IfT
1,722.447 s (3.01%) - sbm_remov...e_meteors

100 % . " ; p - 1,650.646 s (2.71‘?) [ sBM_PREPARE
MP_UTIL 1,290.593 s (2.25%) | | met_set

A0 e R —— 7 R T T
TS B T, NS SRRSO HSRSRSSISRIOUIE SOUOOOIOOtS. SOSIN..L|<L T SSISSSEE Settess. S NN
TG SRR A SNNNS NG R N e B @ R
20 %
0%}

746.765 s (1.3%) [f] Imorg
246.356 s (0.43%) [| org_runge_kutta
229.582 s (0.4%) || MPI_Isend
179.277 5 (0.31%) || MPI_Allreduce
55.964 s (0.1%) | MPLInit
4.366 s (0.01%) | sync time
4.212's (0.01%) | MPI_Bcast
1.017 s (0°o)| MPI_Barrier

14,900 s

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

* Problem: >32% of time
spent in MPI

= MPI runtime share
increases throughout the
application run
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01-p100-cosmo-specs-orig

ExRALEROTIEEGSLS EH- W AR Pl 0 OO Zoom into the first three

|
10s MNs 12s 13s 14s 15s 16's 17s 18s All Processes, Accumulated Exclusive Time per Function Group
Process 0 H H H H H H H H H 400 s 300s 200s 100 s Os - -
Process 4 459.796 5.(51.31%). MP | te rFa tl ons
Process 8 248.442 s (27.73%) MP_UTIL
Process 12 101.615 s (11.34%) MPI
Process 16 37133 s (4.14%) [ Application - M P M P U I I L f m f
Process 20 27.486's (3.07%) | | COUPLE p e r O r O u r
Process 24 21.6 s (2.41%) [T METEO
Process 28 - - -
Process 32 b - t t t
Process 36 Su S eps In One I era |On
Process 40
ow ime share
Process 48 u L M PI t h
Process 52
Process 56
Process 60 = .
= Everything is balanced
Process 68 . °
Process 72 Function Summary
All Processes, Accumulated Exclusive Time per Function d I k k
Process 76
Process 80 400s 30 s 200s 100's Os ) a n O O S O a y
Process 84 459.796 s (51.31%) organize_sbm
Process 88 173.232 s (19.33%) _ sbm_exchange_meteors
Process 92 62.629 s (6.99%) [ MPI_Recv
Process 96 38.278 s (4.27%) [ sbm_advection_pd_IfT

: _ g : - 7.133 s (4.14%) B SBM_PREPARE
All Processes, Exclusive Time per Function Group ‘ 36.932 s (4.12%) [l sbm_remov...e_meteors
100 % . : : : : 0.309 s (3.38%) [ MPI_Wait
27.486's (3.07%) | | met_set
16.501s (1.84%) [7] Imorg
5.099 s (0.57%) [| org_runge_kutta
4.967 5 (0.55%) [| MPI_Isend
3.706 s (0.41%) [| MPI_Allreduce
3.353 ms (0%) | MPI_Comm_size

80%
60 %
40 %
20%
0% %

322.5s
¢




VIRFUALINSTITUTE = HIGH' PRODUCTIVITY SUPERCOMPUTING

01-p100-cosmo-specs-orig

EraLEretEE s s /. NN | 7000 nto the last three

558 s 561s 564 s 567 s 570s 573; [ All Processes, Accumulated Exclusive Time per Function Group
Process 0 : : > ; ; ; 800 s 600 s 400's 200's 0s . .
Process 4 - - ' MPI Ite ratlons
Process 8 MP
Process 12 - H 248.743 s (14.76%) MP_UTIL . u
Process 16 - Process 54 CaUSIng : 32.6955(1.94%).Application [} Ver h I h M PI tl me Sha re
Process 20 - . $ : 20.203 s (1.2%) | | COUPLE y g
Process 24 - |Oad m bala nce = ‘ 18.239 s (1.08%) [] METEO
Process 28 - . 2.392s (0.14%) | vT_API 5 O 0 / )
Process 32 = £ - -
Process 36 - ‘ ( > 0
Process 40 - :
Process 44 .
= Large load imbalance
Process 52
Process 56 .
Process 60
Process 64 - Caused by MP functlons
Erocess ss o Function Summary
rocess All Processes, Accumulated Exclusive Time per Function
proces 7 wos - a0s o8 around Process 54 and
rocess MPI_Recv
Process 88 EETEYERYPEET R rgaize som
1348 5 (13.087%) [N P1_Wa P 64
:::(c::zz gg 170.378 s (10.11%) _ sbm_exchange_meteors ro ce s s
: : 42109 s (2.5%) [ sbm_advection_pd_IfT
All Processes, Exclusive Time per Function Group = 36.255 s (2.15%) . sbm_remov...e_meteors
100 % A 32.695 s (1.94%) [ SBM_PREPARE

20.203 s (1.2%) | | met_set

14.73 s (0.87%) [[] Imorg

4.545 5 (0.27%) | MPL_Isend
3.483 5 (0.21%) B 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%) ﬂ Imorg_trace_off
13.697 ms (0%) I MPI_Finalize

80%
60 %
40 %
20%
0%

564.55'5
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01-p100-cosmo-specs-orig

High FLOPs rates due to
computation of clouds in this area

AN 08 A | PAPT FP OPS counter

O0s 50s 100 s 150 s 200 s 2 400 s 450 s 500s 550 s All Processes, Accumulated Exclusive Time per Function Group

§ : : E - - 20,000s  15,000s  10,000s  5,000s 0s . .
ooy - s Sl ; eomrrEE e showing higher FLOPs
Procees o E HELE B 7B TATE R
Process 9 | 3 11,577.183 5.(20.2%) MP_UTIL
| . 71% icati
Process 10 | R i rates on Processes
Process 18 993.146 s (1.73%) D METEO
Pocee 26 causing the imbalance
Process 27
Process 30 B
e = Reason for imbalance:
Process 39
Process 42 - .
Process 45 | Static grld used for
Process 51 i —— w.[, — — All Processes, Accumulated E‘;ZT:ZC:‘;THT’:;YH Function - - -
rocers 7 peseessem ey os distribution of processes.
Process 60 - 3 | organize_sbm
Process 63 | : A - w MPI_Recv -
Process 66 - 3 i : ‘ b ,009. .98%) [ som_ ¥ D d t h
Process 69 - ; : i: \ ‘ R R R 1 R o0 ;,10502.(;239?8.73%) [ :;r_\i/?irange meeer e p endin g on e
Process 72 - : 1,845.621's (3.22%) [IM sbm_advection_pd_IfT
Erocess ;g ] ! 5 i ; . - - 1,722.447 s (3.01%) - sbm_remov...e_meteors t h 1 I d
o - 3 | “ ‘ ‘ HELE TEE 1,660.646 s (2.71%) ] SBM_PREPARE Wea e r, exXx p ensive Cciou
Process 84 | J 1,290.593 s (2.25%) | | met_set
Process 87 - 3 i b ‘ ‘ 746.765 s (1.3%) [[] Imorg -
Process 90 - f I i ! ; g [ 246.356 s (0.43%) n org_runge_kutta CO m p u ta tl O n S ( M P g ro u p )
Process 93 - ; i b \ ‘ A EHRY ISR 229.582's (0.4%) | MPI_Isend
Process 96 | " ! 1 e i 179.277 s (0.31%) H MPI_Allreduce

| 22055 0000 | e may be only necessary on

oM . 200M 400 M . 600 M . 800M . 1000M . 1200M 4.212's (0.01%) | MPI_Bcast

1.017 s (0%) | MPI_Barrier ‘ some p rocesses

36TH VI-HPS TUNING WORKSHOP (CINECA, ITALY, 30 SEP - 2 OCT 2020) 7
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02-p100-cosmo-specs-fd4

EXRLEROIIERS S G4 |0 A B Weather forecast code

Os 50s 100 s 150 s 200 s 250 s All Processes, Accumulated Exclusive Time per Function Group
: : : H : : 15,000 s 10,000 s 5,000 s Os

Process 0 8,307.926 MP COSMO_SPECS
Process 1 MP_UTIL
Process 2 3,457.412 s TNREREEN MPI .
P 3 443.
e s % RUN with 100 processes
Process 5 114.399 s[ FD4
p 6 3.484 s | VT_API
e = COSMO: weather model
Process 8
P 9
oo (METEO group)
Process 11
Process 12 - . - .
sdel = SPECS: microphysics for
Process 14 |
Process 15 .
poces 1o B accurate cloud calculation

Process 17 | Context View
Process 18 | - (X B Trace.. ll
: " MP and MP_UTIL
Process 20 roperty ae a n rO u
P 2 3 File /Users/maweber/ZIH/Traces/Val
rocess
Process 22 Creator VampirTrace 5.13b111102 - C I - f b h d I
Process 23 ‘ Version 111 alpha O u p I n g O Ot I I lo e S
Process 24 #N@ Number of Processes 100

Process 25 #76
Process 26 #N@

et done in COUPLE group

Erocess 2; :, Start Mon Nov 7 10:38:19 2011 (1320
rocess s Stop Mon Nov 7 10:42:55 2011 (132C [ ] D I I | i I d b I I
:Zz:zz gz o 5559 Elapsed 00:04:36 (276109382) y n a I C O a a a n C I n g

VT_METRICS PAPI_FP_OPS

(FD4 group)

36TH VI-HPS TUNING WORKSHOP (CINECA, ITALY, 30 SEP - 2 OCT 2020) 8
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02-p100-cosmo-specs-fd4

ExRBwEROIEER LSS S~ I M A OB

- .
Timeline EJIES) Function Summary ) u Dy n a m I C | Oa d ba I a n CI n g
Os 50s 100 s 7 150 s 200 s 250 s All Processes, Accumulated Exclusive Time per Function Group
Process0 - : ; . : : : L 15,000 s 10,000 s 5,000 s 0s .
=l 18,307.92 .37% t t t h b I
E:ggzzzg By e el 3,865.817 s (14.01%) [N mg_um m I I g a es e a a n Ce
gpggggg ?2 3,457.411 24 : ‘;1(?‘.1573'%,()\‘5%| MPI . .
,443.047 s (5.23% COUPLE
33222213 393.818 s (1.43%) [f] METEO prObIemS Of the Orlg I na |
g::gﬁzzz %11 114.399 s (0.41%) | FD4
ey I M COSMO-SPECS version
Process 33
Process 36
Process 39 H H
e i = MPI time share is reduced
Process 48
Process 51 0
et to <13%
Process 60
Process 86 :
Process 70 ° - MPI tlme Share Stays
Process 73 - Context View —
process 76 =] *][F
e 22 constant throughout the
E:ZEZ:: gg File /Users/maweber/ZIH/Traces/Val
Process 91 Creator VampirTrace 5.13b111102 - - -
E:gi:z:g? Version 1.11 alpha a ppl Icatlon ru ntl me
: : Number of Processes 100

All Processes, E:xclusive Time per Fupction Group Timer Resolution 50 ns -

: = Runtime reduced by

ig ;‘: T start Mon Nov 7 10:38:19 2011 (1320

40 % Stop Mon Nov 7 10:42:55 2011 (132C f t f 2 1 f

20% = Elapsed 00:04:36 (276109382) actor o il 4 rom

VT_METRICS PAPI_FP_OPS

T — ~initially 578s to 276s




02-p100-cosmo-specs-fd4

VIRFUALINSTITUTE = HIGH' PRODUCTIVITY SUPERCOMPUTING

ExRLERO®S

Timeline Function Summary
271s 272s 273s 274 s 275s All Processes, Accumulated Exclusive Time per Function Group
: : R : ; 300s 200's 100s Os
Process 0
404.986 s (68.19%) MP
Process 3 84.98 s (14.31%) MP_UTIL
g:gz:z g 74.514s (12.65%) | MPI
Process 12 22.055(3.71%) | COUPLE
Process 15 5.343 5 (0.9%) [| METEO
Process 18 2.0375 (0.34%) | FD4
Process 21
Process 24
Process 27
Process 30
Process 33
Process 36
Process 39
Process 42
Process 45
Process 48
Process 51
Process 54 °
Process 57 — Context View ‘
Process 60 =] [} [+]
Process 63 Property Value
Process 66 File /Users/maweber/ZIH/Traces/Val
Process 69 i
Process 72 Creator VampirTrace 5.13b111102
Process 75 Version 1.11 alpha
Process 78 Number of Processes 100
Process 81 Timer Resolution 50 ns
Process 84 Trace Times
Process 87
Process 90 Start Mon Nov 7 10:38:19 2011 (1320
Process 93 Stop Mon Nov 7 10:42:55 2011 (132C
Process 96 Elapsed 00:04:36 (276109382)

VT_METRICS PAPI_FP_OPS

= Zoom into last three
iterations

= FD4 balances MP load
(precipitation processes
in clouds) across all
available processes
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03 _wrf_deimos

ErXALEROTERLBE B | R w Weather forecast code

Os 10s 20s 30s 40s 50s 60s All Processes, Accumulated Exclusive Time per Function Group

1,500 s 750s Os
1,904.449 s DYN W R F

MPI
PHYS

2ess (1 g0 = Run with 64 processes
B = Dynamical core: e.g.,
density, temperature,
o — " pressure, and winds in the

File /Users/maweber/ZIH/Traces/Vampir-Tutorial-Analysis-Example:

atmosphere (DYN group)

Version 1.3.8 jellyfish

Process 0
Process 1
Process 2
Process 3
Process 4
Process 5
Process 6
Process 7
Process 8
Process 9
Process 10
Process 11
Process 12
Process 13
Process 14
Process 15
Process 16
Process 17
Process 18
Process 19
Process 20
Process 21
Process 22
Process 23
Process 24
Process 25
Process 26
Process 27
Process 28
Process 29
Process 30

Number of Processes 64

Timer Resolution 382.701875 ps u PhySica/ parameterization:
| e.g., clouds, rain, and
B oo radiation (PHYS group)

™ I0_NETCDF

™ mPI
M PHYS
| VT_API

™ WRF




03 _wrf_deimos

VIRFUALINSTITUTE = HIGH' PRODUCTIVITY SUPERCOMPUTING

ExEuEReoTIERmRL2EE &7 v 1IN

Timeline
15s 20s 25s 30s 35s 40s 45s 50s 55s 60s

Process 0

Process 2

Process 4

Process 6

Process 8

Process 10
Process 12
Process 14
Process 16
Process 18
Process 20
Process 22
Process 24
Process 26
Process 28
Process 30
Process 32
Process 34
Process 36
Process 38
Process 40
Process 42
Process 44
Process 46
Process 48
Process 50
Process 52
Process 54

Process 56
Process 58
Process 60
Process 62

All Processes, Exclusiv_e Time per Functior_'l Group
100 % ; ; ; ;

80 %
60 %
40 %
20%
0%

53.798 s

Function Summary
All Processes, Accumulated Exclusive Time per Function Group

1,500 s 750's 0s
1,899.577 s (55.18%) DYN
MPI
658.052 s (19.11%) [N PHYS

4.575 s (0.13%) | WRF
0.779's (0.02%) | VT_API
5.905 ms (0%) | IO_NETCDF

Context View

= #)[F

‘ Property Value
File /Users/maweber/ZIH/Traces/Vampir-Tutorial-Analysis-Example:
Creator VampirTrace 5.4b1
Version 1.3.8 jellyfish

Number of Processes 64

Timer Resolution 382.701875 ps

Function Legend
[ Application
™ byN
™ I0_NETCDF
M mPI
M PHYS
| vT_API

™ WRF

» Problem: 25% MPI run
time fraction during the
iterations of the model

= Behaviour is constant
throughout all iterations

» Question: Which user
function causes the
problem? And why?
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03 _wrf_deimos

ExRELEReS

15s

z=2z
11}

513 & 2 . RS

40s

Timeline
20s 25s 30s 35s 45s 50 s 55s 60s
Process 0
Process 3
Process 6
Process 9
Process 12
Process 15
Process 18
Process 21
Process 24
Process 27
Process 30
Process 33
Process 36
Process 39
Process 42
Process 45
Process 48
Process 51
Process 54
Process 57

Process 60

Values of Metric "Time Spent in MPI_Wait" over Time in seconds
Process 1

Process 5

Process 9

Process 13
Process 17
Process 21
Process 25
Process 29
Process 33
Process 37
Process 41
Process 45
Process 48
Process 53
Process 57
Process 61

Juli

0.00

All Processes, Accumulated Exclusive Time per Function

MPI_Wait
414.947 s MODULE_ADVE...VECT_SCALAR

Similar Processes, Accumulated Exclusive Time per

750s

500s

53.798's
Function Summary

= Most time is spent in
MPI Wait
= Top processes spent more
time in MPI_Wait than
bottom processes
= Load imbalance in DYN

39 047s . MODULE BIG S SICS PREP_EM

36.191s [l] MODULE_AD
0% woouLE MODULE_ADVECT_EM: :ADVECT_SCALAR
runtime increases in bottom processes

250's Os

258.93 s MODULE_MP_WSM3:WSM3
PYYEETI MODULE_RADI...TION_DRIVER
188.025 s [N SOLVE_EM
134.666 s [ MODULE_SMAL...:ADVANCE_W
131.676 s I MODULE_BIG_S...LC_P_RHO_PHI
118.638's MODULE_BL_YSU::YSU
107.621 s [ MODULE_SMA...VANCE_MU_T
104.547 s MODULE_SMAL....ADVANCE_UV
71.712 s [ MODULE_SMAL....CALC_P_RHO
66.077 s [ MODULE_SMAL...L_STEP_PREP
60.982 s ] MODULE_EM::...DATE_SCALAR
58.476 s B MODULE_BIG_S...EM::PHY_PREP
53.242 s [ MODULE_SMAL...EM::SUMFLUX
41.879 s [ MODULE_BIG_...RE_GRADIENT
40177 s [l MODULE_BIG_S..S_EM::RHS_PH

Process Summary

s [l

AR [N cis S MO ARTE Ml S L
10 {11 1| [PAPTETEmN S V35 [ O

s I

6 [III

5 LI

2 I

)

Time spent in MPI_Wait
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03 _wrf_deimos

. i e
ExBLERe I EE rsrw.)- . Load imbal : q
Timeline Functlon Summary Oa I a a n Ce I S Ca u Se
15s 20s 25s 30s 35s 40s 5s 0s 5s All Processes, Accumulated Exclusive Time per Function
Process 0 _ H H H H H H H H H 750's 500s 250's Os - .
Process 3 - | MPLWait by floatlng pOInt (FP)
Process6 - 414.947 s MODULE_ADVE...VECT_SCALAR
E:gzzzz 32 - 257.611s MODULE_MP_WSM3:WSM3 . .
P 15 - [T MODULE_RADI... TION_DRIVER p t W R F
Process1s - = ot £ exceptions In
Process 21 - .666 s [ MODULE_SMAL...::ADVANCE_W
Process 24 - 293 s [ MODULE_BIG_S...LC_P_RHO_PHI C t
Process 27 118.638 s [ MODULE BL_YSU:YSU u 0 u N e r
rocess 30
Process 33 - 107.621 s BB MODULE_SMA...VANCE_MU_T
Process 36 - 104.547 s MODULE_SMAL....ADVANCE_UV
Process 39 - 71.712 = MODULE_SMAL....CALC_P_RHO FR FPU EXCE PT I ONS
E;gzzzz jg _ 66.077 s B MODULE_SMAL...L_STEP_PREP -— -— —_—
Process 48 - 60.982 s ] MODULE_EM::...DATE_SCALAR
Process 51 - 58.476 s [] MODULE_BIG_S..EM::PHY_PREP S S C O S h
EFOCGSS g;‘ i 53.242 s [l MODULE_SMAL...EM::SUMFLUX E_MI R TRAP S O W S
Process 80 - o 41.879 s [l] MODULE_BIG_...RE_GRADIENT

FP exceptions

Values of Metric " FR FPU_EXCEPTIONS_SSE_MICROTRAPS" over Time in #/s Similar Processes, Accumulated Exclusive Time per Function

Process 1 T | O U
||‘|||1| W hiHHHIIIIII[I,IIIIIIIJIIIIIIIIIIIIIIIIIIIIIIIHI!IIIIHIIIIIH i'lH'li"lthl'lf'HH'li'uJ'uJ'l 10s 20s 30s 40 50 s
Process 5 1 '.IL B IS o T AT I
process 5 FHINER EILAN) SR '”'."-.'5.'“'.'!.”.”;-' AL NI SR 1 [ PRV Xy o I
g:gz:::g :]”Hul.vunrn..’.'.," ulm.g].,p".‘}'hl.\ 3“]]: L]
Procese oy LA W WL LR a‘N I ' e
Process 25 - 'y f ' | 7 [ I
Process 29 - b t‘l it i ’ i t IH"MM “H 6 Il
Process 33 1 'wl t k] ] 5 —I
Process 37 1
Process 41 |' i a1
Process 45 4 Iﬂ
Process 49 i [ \ 3 [
Process 53
Process 57 \ 3 [
Process 61 i 1 2 [ =
2 ./MO..AR.|
1 L] [ewE O s

Floating point exceptions
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03 f dei MODULE_ADVECT_EM::ADVECT_SCALAR
_Wri_deimos occurrences shown in yellow

ErBLEROTIERLE S § | - : :
a = E Time:ne - E: Functior;ASru;nmary A% = Zoom |nt0 One |terat|0n

All Processes, Accumulated Exclusive Time per Function
15s 10s 5s Os

—— = Function invocations of

MODULE_ADVECT_EM::ADVECT_SCALAR
72 MODULE_MP_WSM3::WSM3

3i5:058= ;%IS/LT[:EABIG_STEP_...::CALC_P_RHO_PHI MODULE—ADVECT_EM : : ADVE

yellow) match high
floating point exception
occurrences indicated by

the counter at the bottom

38.8s

Process 0

Process 3

Process 6

Process 9

Process 12
Process 15
Process 18
Process 21
Process 24
Process 27
Process 30
Process 33
Process 36
Process 39
Process 42
Process 45
Process 48
Process 51
Process 54
Process 57
Process 60

Similar Processes, Accumulated Exclusive Time per Function
0.2s 0.4s 0.6s 0.8s 1.0s

14
10

o]

Values of Metric "FR_FPU_EXCEPTIONS_ SSE MICROTRAPS" over Time in #/s
Process 1 1 - . ' \
Process 5 1 — o

Process 9 - 1 -
Process 13 1 . . = L
Process 17 4 . r

Process 21
Process 25

2 NWWwWwHOO 0

Process 29
Process 33
Process 37
Process 41
Process 45
Process 49
Process 53
Process 57

Process 61 Filter All Processes
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Timeline EJIES)
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= Problem: Large MPI
runtime fraction (>60%)
during iterations

= Especially in MPI_Waitall
and MPI_Allreduce

= Behaviour is constant
throughout all iterations
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High MPI_Allreduce
variance between processes

FD4_COUPLE_PUT
EXRLEE

eline
80s 100s

e

120s

Process 1011 o h ‘ < A
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Process 1013
Process 1014
Process 1015
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Q e

FD4_COUPLE_GET
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Process 3064 m .
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Process 3067 B

Process 3068
Process 3069
Process 3070
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Process 3073
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Processes sorted by

MPI_Allreduce timeshare

CERRILESE

All Processes, Accumulated Exclug
30,000s  20,000s
FD4_COUPLE_..._COUPLE_PUT
FD4_COUPLE_..._COUPLE_GET
p) - FD4_GHOSTC...TCOMM_EXCH
6) . FD4_PART_SF..._SFC_WEIGHT
5%) I FD4_BALANCE...CE_READJUST

Summary
Time per Function

Process Summary
Individual Processes, Accumulated Exclusive Time per Function
Os 10s 20s 30s 40s 50s

Process 1019 [VPINVETEIT—
Process 1022 [VPIWSIGIN

Process 3070  [VPIWSTEI

Process 1017
Process 3065
Process 3072

Context View
X = Master Tim...
Operty Value

Display Master Timeline

Type Function
Process 1017
M FD4_COUPLE_MOD::FD4_COUPLE_PUT

Location
Function

(2 ]{+]

» Large runtime variation in
MPI Allreduce

= Sorted profile reveals
processes with small
MPI Waitall timeshare

= Reason: Load imbalance
in FD4_COUPLE PUT and
FD4 COUPLE_ GET

= Most processes need to
wait at MPI_Allreduce
and MPI_Waitall
(asynchronously)
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Summary

= Performance flaws can lead to significant runtime overheads
= Use resources efficiently

= Analyze your code
= Performance analysis tools are there to help you
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