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Age before beauty  (disciaimen) 009

* Behavior (insight/models) before syntax

* Detail performance analytics before aggregated profiles
* Work instantiation and order before overhead

* Malleability before fitted rigid structure
* Possibilities before how tos

* Elegance before one day shine

El abuelo cebolleta .
ataca de nuevo B}\ o




POP services 0009

Parallel Application
Performance Assessment

Online application

Client provides code,
input and instructions on

how to compile and run.
Who expert

C
traces

obtains

traces?
POP expert provides

instructions on how to install
tracing tools and obtain traces.

User or Report

developer

POP expert implements
optimizations

Proof of
concept (PoC)

The report includes
suggestions to
improve performance

Follow on Code developer ~
audit implements optimizations User or developer 3



https://pop-coe.eu/request-service-form

What remains? Y'Y

* Mindset //pop-coe.eu
* Performance is a part of the whole development cycle . -
* Beyond profiles = efficiency culture and models ettt
* Syntax = fundamental behavior i
* Towards DEEP analyses

* One experiment ... a lot of information —

Latest News

Follow us on B SPOP HPC, subscribe o
cur BPOPHPC YouTube Channel, o

* Material
* Training

* Success stories
* Co-design resources ———
"m° ““““““ Blog Highlight
* Afeeling of o RN =B
* Belonging, learning, ... T =
e Appreciation by customers of external view —
e Aview from an external “observer” =3

* Awareness, quantification of behaviors

This project has received funding from the Europesn Linion's Horizon 2020 reseanch 2nd INDGWLIGN programme Lnder grant
agreements No 676553 and 824080,




POP

domains

I.l.J

Languages

_ S

 Large number of services

Engineering
W Earth and atmospheric
sciences

Physics
B Aerospace
® Chemistry
Biology and genetics
m Astronomy
Mathematics and statistics
W Health
W Real time
W Others

W C++
W C, Fortran
W C++, Python
C++, Fortran
uC
W C++, Fortran, Python
u C, Python
C++, Fortran, Python, Java
C, Java
W C++, Fortran, Perl
W C++, Java
Fortran
Fortran, Python
W Python
W julia
W Regent/Legion

POP1 & POP2 each

e > 140 Assessments
e > 25 Proof of Concept

100

Ak L

up to 10 up to 100 up to 1000

009

customer
e ~80% Research
e ~20% Industry

Programming
models

mMPI
MP|+threads
B MPI+thieads+accel
B MPl+accel
MPI+TBE
mMPI+TBB+accel
W thieads
M threads+accel
W accel
m python multiprocessing
serial
W Celery
Wkl
Origami HPC
ETBB
mWDL

Scales

® production
30 B development
satisfied
W audited
20
, = | I — 5

up to 10000 up to 100.000  up to 1.000.000




POP and the EuroHPC community

* Collaborations and other engagements with HPC CoEs, HPC? &
developer communities in Europe
* Business development

* HPC CoE flagship assessment campaigns
* Ad hoc application performance assessments )
* Training
* Bespoke training
* Joint training
* Dissemination
* Minisymposium on HPC CoE exascale readiness
* Participation in HPC*-organised events
* Co-design insight = other projects !!

To other —
CoEs o s




Performance analysis

* Art ...
* Not a unified approach

A




Performance analysis

Toolsin ... 000
([ J
Art e * Science * Computer Science
* Not a unified approach ot

* Performance analysis:
* Alot of speculation

e ...0Orscience?

* Precise measurement tools

e Models L
’ 000
e Method Shoemaker’s son ...

» Advances linked to capability of * We see ff(f)df
observation and measurement
» we talk about fn

En casa del herrero ...
...always goes barefoot

S ... cuchara de palo

¢




Tools

BSC-tools: Extrae, Paraver, model factors, ...

ama2013 Laplace 7pt30 256 109 1 8 counters.chopl.ory.az

JSC tools: Scalasca, cube, Score-P....

B Sl i th N W scvssc | B score Cortouatn | B souce

Fp—

Recakussin p— ¥ et cacusaton
B e
‘ e POP Hybit Assessran B5) bt O. e TTog: ECPonGas OPrtivn]
Parsil i 00 ;
oo i - v
‘ o Load Baiancs Efciency 0T D)
eaos f o Communcason Eceney %' D)
# g % 0360 3
Global efficiency <9416 8635 8299 | ] [ep—r— - » 3
q oans 0)
Parallel efficiency - 9416 8411 7480 w0 LI | Y
R p—— 0 5
- Load balance - 67 %534 9577 ‘ e — b
Opentdp ParaelEficney D
Communication efficiency - 9543 8822 7810 = i o 0 — v
o § a6 12483 R et
- Serialization efficiency - 97.86  93.05 8961 g s
g Tho: n.nwy ~OperhP Commuricatin Eiciney ™ D)
Transfer efficiency - 97.52 9481 8715 H

F40 £ UD — LD — UC —MPS — &
~ Computation scalability - 10000 102,66 11095 £ o — oK :

~ 1PC scalability - 10000 11598 18239
0 R —— ; &
Instruction scalability -+ 100.00 9137 6262 < ———— 1550085 v (@

~ Frequency scalability - 10000 9687 9713

Candidates
=) e

S PyPOP

. Correctness:
e MUST (for MPI) and Archer (for Threading)
emimt susu s Other, vendors, . 9




Efficiency Model

1 Global
Efficiency metrics : ~ (0,1] | Efficiency

|

|

|

Multiplicative model
Computation Parallel
Efficiency Efficiency
IPC I E Instruction C L
PC scaling Frequency wcaling Load Balance emminicatin
iciency iciency Efficiency iciency

‘ Serialization ‘ Transfer
. L. Efficiency Efficiency
Behavioral description

“Language” transversal across domains

CommEff

CompEff = leff * IPCeff * Feff N = L@

M. Casas et al, “Automatic analysis of speedup of MPI applications”. ICS 2008.
10




POP metrics and causes 009

* POP Metrics: quantitative abstract description of fundamental effect

e Causes actual underlying behaviour or phenomena whose effect is
captured in the factors

* Metrics to steer the search for causes ooy
® RefaCtoring: CompuAtation/\Parjallel
® Address the Causes Efficiency Efficiency

* Counteract the symptoms % /\

Instruction
scaling Load Balance
Efficiency

//l

Communication
Efficiency

IPC scaling Frequency
Efficiency Efficiency

Efficiency Efficiency

24/05/2016




Model of hybrid programs

Hybrid Parallel

7| Efficiency [T
h .
»7®‘,\ b ﬂ®v.,
Hybri N MP
ybrid Hybrid Load MPI Parallel Open
Communication Bal Efficien Parallel
Efficiency alance ciency Efficiency
b ._:/ ’/4
MPI — OpenMP — —_
S MPI Load S OpenMP Load
Communication Communication
- ¢ Balance 2o Balance
Efficiency Efficiency
A

Serialization
Efficiency

Transfer
Efficiency

MPI component
80

CUDA component

®©
\\\\_-\1 J, Computations scaling

=8 Global efficiency
Hybnd Paraflel efficiency
== MP1 component par. eft

o a8 % 144 192 220 288 338 £

Parallel EMiclency

Process Efficiency

Thread Efficiency

e

Process Communication Process Load Balanca

Effiency Efficiency

Serial Region Efficiency

OpenMP Parallel Efficiency

Process Serialization

Frocess Transfer Efficiency Efficiency

OpenMP Load Balance Other OPenMP Efficiency
Efficnecy Metrics

12




Typical practice

* Elapsed time

Speed-up Efficiency

* Profiles .

'

0 20000 40000 60000 80000 100000 120000 0 20000 40000 60000 80000 100000 120000
ssssssssss

T(1)

* But ...
e Lacks structural insight
* Too coarse aggregation
* Time I= blame
* Profile != (fundamental behavior, causes)




The performance analysis journey

Identify

Structure

Load balancing

—

Serialization |

Efficiency
Metrics

Transfer |

Select Focus Instruction

scalability

of Analysis
(FoA)

IPC
« Sscalability

Frequency
« scalability

Aduaiyya |9)jesed

Ajiqe|ess uoneindwo)

r= T T T

: Detailed |
=] Analysis I

| S

Conclusions
and
suggestions
\3




Structure

384 cores

MPI call @ nemo.384.filterl.prv
THREAD 1.1.1

THREAD 1.129.1

Initialization

THREAD 1.257.1

THREAD 1.3B4.1 3 coo aay oo

Useful duration @

I[terative structure

THREAD 1.1.1

THREAD 1.129.1

THREAD 1.257.1

173,817 us

[ /.

>

MPI call @ nemo.384.filterl.prv
THREAD 1.1.1 3 i o

THREAD 1.129.1
THREAD 1.257.1

wdrd

3B4.1 4 583,464 us

THREAD 1.

Useful duration @ nemo.384.filterl.prv
THREAD 1.1.1 y 3

THREAD 1.129.1

THREAD 1.257.1

-

THREAD 1.3B4.1 4 cas acs o

4,984,874 us

T T T T 1T T T [ |
L4

[ 25,600 56,008 >

perturbation

15




Structure & Focus of Analysis

384 cores

Comm. size ( col + p2p) @ nemo.384.lit.prv

8 us 65,955 us

I:l — =
15,002 30,000 >

mauenmmntprv

[J outside NPI
[J wPI_Recv

B NPI_Isend
B WPI_Wait

8 us 65,955 us

O T 1T 1T T T T
< e 3,100 6,200 >

48 cores

96 cores

384 cores

Useful Duration @ nemo.48.lit.prv

'“ﬂl IR

< e 30,00p
Useful Duration @ nemo.96.lit.prv

Il

< o

465,837 us

>

[
253,568 us

25,000 >

useful Duration @ nemo.384.1it.prv

A I | “ 8 us 65,955 us

o e o e e N
< ]
Relative weight increase ... will limit scalability

16




Scaling

* Time based speedup and efficiency

Useful Duration @ nemo.48.1it.prv

48 T(48) =465 ms

465,837 us

1 .
Useful Duration @ nemo.9&.lit.prv
& 465,837 us

1 .

< (] 16,000 66,0600 »
Useful Duration @ nemo.384.1it.prv

I | ||“| 8 us 465,837 us
1 .
< (] 7,500 15,000 »

—8— measured
—o— ideal
6x 100
4x10°
3x10°
2x%100
10° 4
T T T
48 96 384
Mumber of Processes
0 \
e .
0.8
g
Y 0.6
o
g
&
0.4 1
0.2 1
—8— measured
— ideal
0.0 T T T
48 96 384

Number of Processes

17




Efficiency model

Useful Duration @ nemo.48.1it.prv

o

us 465,837 us

1 .
Useful Duration @ nemo.9&.lit.prv
To
& Il 8 us 465,837 us
1 .
< (] 16,000 66,0600 »

Useful Duration @ nemo.384.1it.prv
465,837 us

3 | |
[ - =

< B 7,508 15,880 >

Global efficiency
- Parallel efficiency
-- Load balance
-- Communication efficiency
-- Serialization efficiency
-- Transfer efficiency
-- Computation scalability
- IPC scalability
-- Instruction scalability

-- Frequency scalability

48
94.16
94.16
98.67
95.43
97.86
97.52

100.00

100.00

100.00

100.00

96
86135
84.11
95.34
88.22
93.05
94.81

102.66
115.98
91.37

96.87

384
32199
74.80
95.77
78.10
89.61
87.15
110.95
182.39
62.62

97.13

Avg Useful IPC(48) =0.67

- 100

- 80

- 60

20

Avg Useful Frequency(48) =2.061 GHz

18

Percentage(%)




Load Balance

* Timelines/histograms of duration, instructions, IPC, ...

Rl @ IFS_SP_large.2nd_it.prv
1.1 =

THREAD 1.355.4

THREAD 1.426.3 ooor
Useful Duration @ IFS_SP_large.2nd_i
—_—
—
35,450 us 1,081,
DR S S W m——
< 0.3 15,213.17 30,425.99 >

Within a model ...

<+—| 1600 cores—»

2DH - Useful Duration @ EC-EARTH3.1.ud_filter.prv.gz
= . O T . T

< 25s >

Burst efficiency @ EC-EARTH3.1.ud sc filter.chopl.prv

l { 1 y
21 | : 4 )
| 11! 1
‘ R | ! 3 ) 31 )
"% 14,728,215 us S

26.7MB trace
Eff: 0.43; LB: 0.52; Comm:0.81

. and coupled runs

EC-EARTH

19




Communication analysis

e Real vs. modeled ideal communications?

WL call @ IFS_SP_large.and_it.prv

IFS-SP 420x4

Useful puration @ neao.384. fg_com.cL.prv

Actual
run I

':q Noise in useful computation in fine grain phase

Useful Duration @ D.ideal.nn.384.cl.noise.prv

Ideal
Network I

B50 500 Bo0 oS BEBBES

S sy

e e

S e S SR SO N COR COR SO SRR
S

‘ 214,336 ws 241,125 ws

:

14,436 us

simmmn
Eans

Difference - there was

i

“ o noise in the internals of ol
Nominal MPI implementation = i i
Network Serialized i

EEEEEEEEEEE,

s A i i _3 -3 e :
. g s = Grid point Semi uch
- calculation Lagrangian Unpacks s '
< 10 = T nputa i
(Physics) s
178l —
214,35 o

Very fine grain parallelization
of individual unpacks

"0

1,899,369 us

20

l Imbalance




What ifs

useful puration @ nemo.384.fTg_comm.cl.prv

Actual run _ : et
i 8 us . - 14,436 -

Useful Duration @ D.BWE4M.L2.nn.384.cl.prv #1

useful puration @ D.ideal.nn.384.cl.prv

: No Noise
No Noise L=2us

Ideal : - : i L ERRADY X
e . BW=64MB/s ere : A i
&I. Ill“ 8 us i ] 14,4; =5 / o us 14,436 us

useful Duration @ D.BW1G.L8.nn.384.cl.prv

useful puration @ D.BW1G.L2.nn.384.cl.prv

No Noise '
L=2us
BW= 1GB/s

No Noise
L=8us
BW=1GB/s

8 us 14,436 us
useful Duration @ D.BW256M.LZ.nn.384.cl.prv 1 1
. : S < @ 18 28 >
No Noise
L=2us
BW=256MB/s
14 436 us

21




Scalar code scaling

e Evolution of hardware counter derived metrics with scale

48x1

48x2

48x4

48x8

48x9

48x18

Cluster ID 20Zoom range [6,18] @ trace_4s+1.1it.cl.tracked.pry * T
-]
10° , 10° ‘i 10°
o o o
8 us 11,431,626 us 0] %] w
= = =
Cluster ID 2DZoom range [6,18] @ trace_48+2.17t.cl.tracked.prv :I o ':\ | o ':\ o
=} o s o
'_I '_\ '_\
o [e] [ [} o [e]
& £ £
10° 1 10% 10%
2 ke %o
5,714,456 uz
Cluster ID 2DZoom range [6,18] @ trace_48+4.1it.cl.tracked.prv ° ° °
0.03 004 005 006 007 0.08 0.01 0.02 0.03 0.04 0.05 0.002 0.004 0.006 0.008 0.010 0.012 0.014
L1 MPKI L2_MPKI L3 MPKI
6 us 3,225,934 uz
Cluster ID 2DZoom range [6,18] @ trace_48+8.1it.cl.tracked.prv .
T T
!“i -l | ll | Il | l' 10° 4
@ us 1,693,829 us 10° 10° g
Cluster ID 2DZoom range [6,18] @ trace_48+9.1it.cl.tracked.prv 2
1 = i o 2 $ Z
2 ! * <] t
| o o
l ’ . 2 2
=! !
£ T o =
- = 1081 4 & £
8 us 1,619,383 us 108 | 8 10° B
Cluster ID 2DZoom range [6,18] @ trace_48+18.1it.cl.tracked.prv
= o —
- i
= = PC 1.0 15 2.0 25 3.0 35 8 10 12 14
& us 983,934 us L1L2 2L3
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Observed efficiencies

* Room for improvement
* Coupled effects
* Each code/configuration a case on its own

@ largest scale analyzed for each assessment

0 Efficiency
= I ranges (%)
% 100
80 - o 85
" I o 75
20 60
é& {’éf G & o
éﬁg q¢ CJ@ Q?@‘&\ wqt}xﬁ' &
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Proofs of Concept

e Cooperation with customer
 Demonstrate on their code

MPI calls and their order

Original:
original gath 0 outside Mp1

0 mp1_recv

B vpI_Tsend

B vp1_Wait

Proposed: l 30% improvement

O ocutside MpI
O Mp1_Recv

B vp1_Tsend
H ¥pr_Waitall

Malleability and Dynamic load balance

Instantaneous parallelism @ chorus_input_l1_512MPIs.orig.chopl.prv #1

AT AN

1,492,669 us

514.7% us

Instantaneous parallelism @ chorus_input_1_512MPIs_dlb.chopl.prv

J[ILRIRINAR

24




009

Gains

Good

Non negligible

Near to 5x speedup of the RoSSBi astrophysics code

Band 3: 108GHz / 2.8 mm Band 4: 155 GHz/ 1.9 mm

POP for Astronomy - 40% Reduction in Execution Time

Run time halved for OpenMP code

Absolutetach

[ BES
1

y [kpc]

025

075
05

- 025
0

Performance Improvements by More Than 30% and a Data

Race Fixed fnr calculix En‘de 408 "0 008 Coooi‘dinatg)is 07 o5 - ‘ ‘HC??\?ET;:;S:ET:X};‘(‘;NG‘ S
7% 7
g 127 ) 6
Impressive " o
30x Speedup of the Matrix Factorization when Applying a ¥
45°N "

Math Library

oncentration|g/m3]
oo
ot
-

=" 190X strong-scaling speed-up of HemeLB simulation on

| - SuperMUC-NG
25
588x and 488x Execution Time Speedups “




What remains to be done?

* Revolutions/mindset transitions are important ...
* ... but take time ( years, decades, ... )

e Applied for POP3

* More frequent interaction with customer

» Better appreciate and steer analyses
* More interaction between partners

* Sharing background, homogenizing methodology, mindset
* More material

* Training

* Analyses

e Co-design

26




A collective effort

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacidn

@

@) JULICH |5
SUPERCOMPUTING
Forschungszentrum CENTRE
VSB TECHNICAL IT4INNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
OF OSTRAVA

/

UNIVERSITE DE &_W

VERSAILLES s = - E
ST-QUENTIN-EN-YVELINES nag Teratec ..U

-—r g -
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0 Performance Optimisation and Productivity
A Centre of Excellence in HPC

00

Contact: ER—
https://www.pop-coe.eu £
mailto:pop@bsc.es S,
£ @POP_HPC SR

=l )

This project has received funding from the European Union‘s Horizon 2020 research and innovation programme under grant agreement No 676553 and 824080.



