g VIRTUAL INSTITUTE - HIGH PRODUCTIVITY SUPERCOMPUTING
~ PS -v.:- : :—l' -4 ‘ = :

Understanding applications using the
BSC performance tools

Judit Gimenez (judit@bsc.es), German Llort, Lau Mercadal

Barcelona Supercomputing Center

Miinchen

TECHNISCHE 0 e
a rm ‘J JUL|CH m Leibiniz Supercomsuting Centre UNlE?RSIT:T Technische . | UNIVERSITY OF OREGON'
Forschungszentrum G v an A e e af i vl et DARMSTADT I | u' M ‘n& ¥
Tmmns UNIVERSITE DE i
( i R 1
@ o & Skl Ll National Laboratory nussnzu }lrERS%I-.éEs o




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Humans are visual creatures

= Films or books? PROCESS
= Two hours vs. days (months)

= Memorizing a deck of playing cards STORE
= Each card translated to an image (person, action, location)

= Qur brain loves pattern recognition IDENTIFY

= What do you see on the pictures?




Our tools
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= Since 1991
= Based on traces
= Open Source (http://tools.bsc.es)

= Core tools:
= Paraver (paramedir) — offline trace analysis

= Dimemas - message passing simulator
= Extrae - instrumentation

= Focus
= Detail, variability, flexibility
Key factors
Visual analysis
Intelligence: Performance Analytics
Behavioral structure vs. syntactic structure
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Paraver
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Paraver: Performance data browser

Trace visualization/analysis

+ trace manipulation

Timelines
Goal = Flexibility
No semantics
Programmable
2/3D tables )
(Statistics) Comparative analyses

Multiple traces

Synchronize scales

........

41TH VI-HPS TUNING WORKSHOP (JSC/RWTH AACHEN, GERMANY - ONLINE, 7-11 FEBRUARY 2022)



ALAINSTITYUTE - HIGH-PRODUCTIVITY SUPERCOMPUTING

Tables: Profiles, histograms, correlations

= From timelines to tables MPI calls profile

=T

‘ ; ; , .
SRR 17 1=ena | mpirecy [T PISIY i1 Reduce | el Al

THREAD 1.113.1 LI 00682 % INSS1829% | 215777 % 1.7698% 1115 05934 % 0.1465 %
M PI Cal |S THREAD 1.114.1 JEEPRTEIDA 1.1947%  1.0400 % - -
THREAD 1.115.1 [ 22580% 2.0177%  5.9825 05249 % 0.0297 %
THREAD 1.116.1 i 2.8813% 25593%  2.9286%  0.5095% 0.0483 %
THREAD 1.117.1 [EEEEIEERY . e 2DP - MPI call profile @ Gromacs. bilayer_mpi MT_120t.c... (&) @) &
THREAD 1.118.1 EEREECRA : 2.8489 % o | 0
THREAD

BETRHY  66.7994 % [NCH 2.4206 %

Total | 8,012.4546 % 7.3174% 1,370.5276 %| 288.6168 %
Avérage 66.7705 % 0.0690 % 11.4211 % 2.4051 %
Maximum | 75.6821% 0.4390 % 21.2505 % 2.9706 %
Mir{ihum | 40.5200 % 0.0129 % 8.8583 % 1.1489 %

StDev | 11.3685% 0.0474 % 4.0613 % 0.5984 %

T ]

Avg/Max il 0.8822 0.1572 0.5374 0.8096

61.076 us

N
MPI_Isend

THREAD 1.107.1 MPI_Sendrecv = 11.3412%

Histogram Useful Duration

Useful Duration S

B NEe i D ration S e

end 1 93 chopdLprar J\_J‘_j L.

1,280,739,5973 1m - o

THREAD 1.35.1 [1.49196e+006..1.51085e+006) =0 us
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Analyzing variability through histograms and timelines

== e TPy SPECFEM3D

Oimitri Komatitsch ’ |
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Useful Duration

T, e
Useful Duration @ Specfem3D_192. chopl.prv.gz . ! .
e - Th e 9 - ¢ - 2
?) -
1
1 1
L al
1,290,782,156 us .
1
'
=
nstructions . 30
) F o h
2] . .'\u a
THREAD 1.35.1 [1.491968+006..1.51085e+008) =0 us THREAD 1.19.1 [0.26..0.265) =0us
chop1.prv =] 3D_192.c... |__ |@@

e Instructions L2 miss ratio

L2 miss ratio @ -
-
Sy
L
Fl '_-
1.290,782.156 us .
= 7
Ll
Useful IPC @ Specfem3D_192. chopl.prv.gz U e
Tt B, ! .
P
-'- l:
L3
] 3 i THREAD 1.90.1 [1.30461e+009..1,32113e+009) =0 us THREAD 1,27.1 [1.11..1.14) =0 us
1.251,279.754 us 1.290,782.156 us
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Analyzing variability through histograms and timelines

= By the way: six months later ....

Useful Duration IPC
T ] :
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Variability ... is everywhere

-

= CESM: 16 processes, 2 simulated days

# " 2DH - Useful Duration ... I_

(n(=] |i:hr

= 2

[[EL)6 | (M H])pe I

= Histogram useful computation duration shows high variability

= How is it distributed?

= Dynamic imbalance
= In space and time
= Day and night

THREAD 1111 [2.555e+0

S8e+008) =0 uw

Useful Duration 2DZocorg range [1.705e+ 006, 3,455 4000)

cesm.exe.filter2.prv

[ESEEE)
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Dimemas
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Dimemas: Coarse grain, Trace driven simulation

= Simulation: Highly non linear model
= MPI protocols, resources contention...

L L L
ey (cru] (cru)
= Parametric sweeps =- =- =-
= On abstract architectures
= On application computational regions

= What if analysis
» Ideal machine (instantaneous network)

= Estimating impact of ports to MPI+OpenMP/CUDA/... mpact of BW (L=8: B-0)
= Should I use asynchronous communications?
= Are all parts of an app. equally sensitive to network? S
= MPI sanity check 2 /{/// D
= Modeling nominal 5 o g2 i 126
g - g;/// —o— ARW 128
0.00 ./h./../. T T T T T

= Paraver — Dimemas tandem
= Analysis and prediction

= What-if from selected time window
Detailed feedback on simulation (trace)
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Would I will benefit from asynchronous communications?

MPI call @ Specfem3D_192.chopl.prv

Real - :
=« SPECFEM3D — 2=t s %3

JITING IINN
y 52003 CONPERENCE FHOENIX. AZ NOVEMBE 300
)i SC2003 Gordon Bell Award
| Dimitri Komatitsch
% California of Technology
; A 14.6 Billion Degrees of Freedom, 5 Teraflops, 2.5
1&‘} Terabyte Earthquake Simulation on the Earth Simulator

727
N\
ol

Courtesy Dimitri Komatitsch
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Ideal machine

= The impossible machine: BW=wo, L=0
= Actually describes/characterizes Intrinsic application behavior

= Load balance problems? alitoall
Allgather
= Dependence problems? N
q allreduce sendrec
sendrecv
GADGET @ Nehalem cluster
256 processes "4 MPI call @ GADGET_A.255.1CE.trace.chop1.prv.g ' waitall
Real
run
Ideal
network
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Efficiency Model
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Parallel efficiency model

Computation

MPI_Send Do not blame MPI

)

MPI_Recv | | | LB Comm

= Parallel efficiency = LB eff * Comm eff

B 2DP - MPI call profile @ trace_24h_atmos_symbols.cho... L"":- nl=le g
€ D 2o G = | (WHEEm e
Dutside MPI | MPI_Recv | MPI_Isend | MPI_Irecv ik
THREAD 1.131.1 | 9.09%  0,00%
THREAD 1.132.1  sos%  000% n
THREAD 1.133.1 | 9,09%
Total 9, o %%e 1.411,18 % 3,83 %
I Average 2,30 % 10,69 .03 %
Maximunu 58, 18 54,97
Hinimum % oo oo+ COMMEFf
| StDewv B, 6,06 %% 21,490 %% 0,00 %% 3
Avgf Max 0,03 0,19 0,81 _
4 | [l ] F




VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

Parallel efficiency refinement: LB * pLB * Transfer

Computation

MPI_Send MPI_Recv
P

<

Do not blame MPI

o

)

—

MPI_Recv | MPI_Send | LB uLB [Transfer

A
A 4

» Serializations / dependences (ULB)
» Dimemas ideal network > Transfer (efficiency) = 1

MPI_Send MPI_Recv

! '<—h'
MPI_Recv MPI_Send
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Why scaling?
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CG-POP mpi2s1D - 180x120

Good scalability !!
Should we be happy?

) = LB

* Ser *Trf

speed up
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Why efficient?

Parallel efficiency =93.28
Communication = 93.84

Parallel efficiency = 77.93
Communication = 79.79

Parallel efficiency = 28.84
Communication eff = 30.42

MPI call @ release.prwv
THREAD L.31.G3

THEREAD 1.9.03

THREAD L.17.1I
THREAD 1.25.1
THREAD L.=Z.1I

MPI call @ release.prwv
THREAD 1.1.3

'E & T = i
THREAD 1.17.1
THREEAD L.25.12

THREAD 1.3z

@ release.prv
THREAD 1.31.13

THREAD 1.9.1
THREAD 1.17.3%
THREAD 1.25.1
THREAD 1.32.1

MPI call @ reledse.prw
THREAD 1.1.1

THREAD 1.9.12
THREAD 1L.17.1

THREAD 1.Z5.1

THREAD L.3Z.1
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Methodology




Performance analysis tools objective
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Help generate hypotheses

Help validate hypotheses

Qualitatively

Quantitatively
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First steps

= Parallel efficiency — percentage of time invested on computation

» Identify sources for “inefficiency”:
» load balance
= Communication /synchronization

= Serial efficiency — how far from peak performance?
= IPC, correlate with other counters

= Scalability — code replication?
= Total #instructions

= Behavioral structure? Variability?

Paraver Tutorial:
Introduction to Paraver and Dimemas methodology
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BSC Tools web site

= tools.bsc.es

= downloads

— Sources / Binaries

— Linux / windows / MAC
» documentation

— Training guides

— Tutorial slides

» Getting started
= Start wxparaver
= Help - tutorials and follow instructions
= Follow training guides
= Paraver introduction (MPI): Navigation and basic understanding of Paraver operation
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