High Performance Data Anal
Learning developments in Ophidia

Sandro Fiore
Head of the Data Science and Learning Research/Team
CMCC Advanced Scientific Computing Division |

Donatello Elia
CMCC Advanced Scientific Computing DW|5|on

Giovanni Aloisio
Director of the CMCC SuperComputing-Centre
CMCC Strategic Council member

December 4-7, 2018

@ Centro Euro-Mediterraneo

sui Cambiamenti Climatici

.
INFRASTRUCTURE FOR THE EUROPEAN NETWORK}
FOR EARTH SYSTEM MODELLING




Introduction

= Research challenge: HPC & big data convergence at extreme-scale for eScience
= Goal: Scalable HPDA&ML software stack for eScience

= |nternational Context: IESP (2008-2011), BDEC (2012-2018) and now BDEC2
(2018-2020)

= European projects: EESI (2008-2011), EESI2, EXDCI and now EXDCI2 (2018-2020)
= Research project: Ophidia (design study 2011, implementation 2012 - present)

= This talk focus: Ophidia2.0



Paradigm shift at scale
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S. Fiore, A. D’Anca, C. Palazzo, I. Foster, D. N. Williams, G. Aloisio, “Ophidia: toward bigdata
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Key Features in Ophidia

= eScience framework = (Shared) Sessions

= Server-side

Workflows and applications

= Parallel

Interactive and batch support

HPC and HTC tasks

= [In-memory

= Declarative

Both domain-oriented (e.g. nc)
= Datacube oriented (multi-dimensional and domain-agnostic support
OLAP support) (e.g. OLAP)



Multi-dimensional data
and storage model I .

gim1 FK dim4  measure Fi dim2 g
im3 (scalar value) dim1  dim3 array of measures

FACT
dim4
dim1 o—
measure —o—o0—0——0

levl lev2 lev3 levd

OLAP-based (ndim-datacube) [l et

Fig. 2.a Fig. 2.b Fig. 2.c
classic DFM classic ROLAP implementation ROLAP implementation supporting n-dim arrays

Dimension-independent

ImpIiCit and eXpIiCit I/0 & analytis - mapping @

DNGLEIRE|  occoncocoooooooocooooacoons Node N
nodes Key ID

d i m e n S i O ns array of measures

N

Pa rt i t i O n & d ist ri b u t i o n /O & analytics | Server Server Server | . Server Server Server storage

servers 11 1.2 1M N_1 N_2 N_M implementation

Flexible and scalable =0 O OO OO OO Ejﬁ:}
wemes ] 0 00 0O 000 000 OO 0O OO0

Fig. 2.d
Fig. 2.e key based ROLAP implementation
Ophidia hierarchical storage model supporting n-dim arrays




Ophidia2.0
Architecture

= Interoperable interface (e.g.
OGC WPS)

Modular and extensible
Parallel framework runtime
I/0 & analytics runtime
Multiple storage back-ends

Supports ranging from single
operators to complex analyses
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Three levels of parallelism = = 0 @ | O e e

= Datacube-level parallelism
— HTC paradigm

— At the front-end level | oo
— Based on the “massive” operator concept | [oed eee [ome] f [oe

= Fragment-level parallelism
— HPC paradigm | : |
— MPI/Pthread | S T B B A

— At the HPDA framework level

= Array-level parallelism
— HPC paradigm : = = :
— OpeMP based
— At the I/0 & analytics server level




Analytics Workflow support (runtime perspective)
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Analytics Workflow support (end-user
__perspective)
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Multi-model analytics workflow case study esiwace (
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U Search projects Q Help Donate  Login  Register

PyOphidia 1.7.0 Y pe—

Programmable
framework

pip install PyOphidia & Last released: Jul 31,2018

Python bindings for the Ophidia Data Analytics Platform

Navigation Project description

ect description PyOphidia is a GPLv3-licensed Python package for interacting with the Ophidia framework.

D Release history Itis an alternative to Oph_Term, the Ophidia no-GUI i anda ient way to submit
SOAP HTTPS requests to an Ophidia server or to develop your own application using Python.

. . .
u Pyo p h I d I a p rOVI d eS a Pyt h 0 n &, Download files It runs on Python 2.7, 3.3, 3.4 and 3.5, has no Python dependencies and is pure-Python code. It requires a

running Ophidia instance for client-server interactions. The latest PyOphidia version (v1.7.0) is compatible with
Ophidiav1.4.0.

Project links

bi n d i n g to O p h i d i a PR It provides 2 main modules:

« client.py: generic low level class to submit any type of requests (simple tasks and workflows), using SSL
and SOAP with the client ophsubmit.py;

D ANACONDA CLOUD Search Anaconda Cloud “ Gallery About Anaconda Help Download Anaconda  Sign In

= Consists of two classes:
conda-forge / packages / pyophidia 170 n

PyOphidia is a Python package for interacting with the Ophidia framework.

submissions, workflows, sessions

— Cube class: datacube operators B License: GPL-3.0

A Home: http://github.com/OphidiaBigData/PyOphidia
&, 1744 total downloads
9 Last upload: 4 months and 5 days ago

— Client class: connections,

= Available in conda-forge

https://pypi.org/project/PyOphidia/




: Jupyter Aggregated_map Last Checkpoint: an hour ago (unsaved changes) . | ControlPanel || Logout
File Edit View Insert Cell Kernel Help Trusted ‘PylhonZ (o]
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map. dravmeridians (np.arange(-180,180,30) ,labels=[0,0,0,1])

X, y = map(*np.meshgrid(lon,lat))

Web acceSS/enV clevs = np.arange(265,310,0.5)

cnplot = map.contourf(x,y,var,clevs,cmap=plt.cm.jet)
cbar = map.colorbar(cnplot,location='right")

plt.title('Temperature (deg K)')

Integrated into the HPC
environment (e.g. GPFS)

Temperature (deg K)

Access via VPN -
Multiplexed front-end : .
Fat-node hosting - ‘ "

o Z Jupyter Contl Panel | Logaut
Terminal features available s i o e

120°E 150°E 180° Resuming last session...
M| Getting list of Ophidia operators XML files from "https://ophidialab.cmec.it/ophidia/ope

too (embedded) = Jupyter .

Remote XML files: 67 - Downloaded XML files: 67 - Removed XML files: 0

Files Running Clusters Oph_Term - the Ophidia shell, version 1.0.0

Copyright (C) 2012-2017 CHCC Foundation - www.cmcc.

it
" | ~ This program comes with ABSOLUTELY NO WARRANTY; for details type ‘warranty'.
Select items to perform actions on them. Upload || New - || & This is free software, and you are welcome to redistribute it
— under certain conditions; type “conditions' for details.

U v B Name 4 Last Modified

Welcome to Oph_Term |

h u b p r0j ect ( ECAS th e m at i C : O datd 10 days ago Use the power ;f the Ophidia framework right from your terminal.

If you are going to use Oph_Term for the first time and need something
[ notebooks 10 days ago to get you started, just try entering "help"

. :
service) St o | | ————




Analytics back-end
for the NextData

project ()

= Ophidia is also exploited in the
NextData project

= Computing & data capabilities
integrated into the same
environment

— Several datasets published by
CMCC modelling divisions

— Catalogue browsing

— Data download

— Visualization capabilities

— Computing
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Live Access Server

CMCC; Euro-Mediterranean Center.on Climate Change - las v8:0

[ < Print..| Animate Correlaton Viewer] Google Eartn| Show Values Export o Desidop Appiication Save As...
OraPit ¢ | [Anotaions OPeNDAP URL: emec. JCMCC_CMIPS_for_las/r1i1p1/hfis_3hr_CMCC- X

CM_decadal1970_r1i1p1_198001010130-198012312230.nc
DATASET: CMCC-CM model output prepared for CMIPS 10- or 30-year run initialized in year 1970 @
VARIABLE: Surface Upward Latent Heat Flux (W m-2)
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Analytics back-end
for the NextData

project (ll)

= Computing & data capabilities
integrated into the same
environment

= Terminal-based capabilities

= Google Earth (viz)

tos_01_200

Execution time:

1-2002.nc | https://ophidialab.cmcc.it/ophidia/2017/260995 | celsius

0.11 seconds

[40..1913] >> oph_

oph_aggregate

oph_containersch
oph_createcontai
oph_cubeelements
oph_cubeio
oph_cubeschema
oph_cubesize
oph_delete
oph_deletecontai
oph_drilldown
7.1913] >> opl
oph_cubeelements
[40-.1913] >> opl

00

oph_duplicate

oph_else
oph_elseif
oph_endfor
oph_endif
oph_explorecube

ema

ner

oph_for
oph_fs
ner oph_get_config
oph_hierarchy
h_cube
oph_cubeio
h_cubeschema

oph_cubeschema

£
oph_importfits
oph_importnc
oph_:

oph__;
oph_list
oph_log_info
oph_loggingbk
©oph_man

oph_cubes

Google Earth

oph_manage_session
oph_merge
oph_mergecubes
oph_mergecubes2
oph_metadata
oph_movecontainer
oph_operators_list
oph_permute
oph_primitives list
oph_randcube
oph_reduce
oph_reduce2
oph_restorecontainer
oph_resume

ize

oph_rollup
oph_script
oph_search
oph_service
oph_set
oph_showgrid
oph_split
oph_subset
oph_subset2
oph_tasks
oph_unpublish
oph“wait
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Analytics back-end
for the NextData = @i

B+ 2 @B 4 v M B C coe M
u map.arawcoastilnes()
ro ect map.drawparallels(np.arange( -90, 90,30),labels=(1,0,0,0])
map.drawmeridians(np.arange(-180,180,30),labels=(0,0,0,1])
X, y = map(*np.meshgrid(lon,lat))
clevs = np.arange(1l,372,2)

cnplot = map.contourf(x,y,var,clevs,cmap=plt.cm.jet)
cbar = map.colorbar(cnplot,location="'right')

plt.title('Tropical Nights (year 2096)')
plt.show()

= Programmatic access to the
back-end datasets

Tropical Nights (year 2096)
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— Based on Python language ;
— Jupyter Notebooks - - -
— Through PyOphidia
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Host Overview
0 G CED (Hise/show Events) D G CED (Hide/Show Events)
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3 206
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analytics node o
13:35 13:40 13:45 13:50 13:35 13:40
. . O 1-min Now:589.0m Min:480.0m Avg: 1.8  Max: 7. WuUse Now: 9.36 Min: 9.36
—_— S’n Ie ’m Ort ] W CPUs Now: 16.0 Min: 16.0 Avg: 16.0 Max: 16. B Share Now: 0.0 Want 0.0
W Procs Now : 0.0 Min: 0.0 Avg: 0.0 Max : 0. @ Cache Now: 1.26 Min: 1.26
. . O Buffer Now: 196.3M  Min: 196.3M
W Swap Now : 67.0M Min: 67.0M
— Multiple imports/delete =t
. .
— Multiple imports on the same node = D @D @D = D @D EEEED
n091 Network last custom n091 Power last custom
400 M 300
w
u H u 300M 7
@ £ 200
< ©
o 200m = l.
] o
— Inbound burst z g o
100 M 2 - 06
& .0
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o+ Jom
— No outbound data =
M| Iin No 70.2k Avg: 45.7M Max:326.3M O power Now: 77.0 Min: 77.0 Avg: 79.5 Max: 82. —
B Out Now: 9.8k Avg: 20.9k Max:111.7k, B Max Now:300.0  Min:300.0  Avg:300.0  Max:300.
W power Now: 77.0 Min: 77.0 Avg: 79.5 Max: 82.
"
= Memory increase
@
o 1=
2 200 M = 200
< ]
< =
L 100w x b} 100
= Cache effects - H |
o o
14:10 14:20 13:50 l14: 00 l14:10 14:20
B In  Now: Avg: 25.2M Max:263.3M O power Now: 80.0  Min: 80.0  Avg: 82.4  Max: B7.
Out Now: Avg: 16.6k Max:209.7k | Max Now:300.0  Min:300.0  Avg:300.0  Max:300.
M power Now: 80.0 Min: 80.0 Avg: 82.4 Max: 87.




Parallel Import Benchmark
(preliminary insights)

= Importnc2 operator
= HTC importnc2 statements
= Weak scalability benchmark

= Metrics
— Execution time [s]
— Throughput [GB/s]

= From 1 to 64 input files
— 1 HPDAnode/1 input file
— 16 fragments/node
— 1 file 8.5GB (0.53TB)

= Up to 64 nodes = 1024 cores

120 A

100 A

Execution Time [s]

I
o
L

N
o
1

[o2]
o
!

[*)]
o
1

Host Number

32

64

Cores

16

32

64

128

256

512

1024 (12%)

Size

8,5

17

34

68

136

272

544

Time [s]

16

14

17

23

38

65

118

BW [GB/s]

0,54

1,23

2,02

2,99

3,62

4,23

4,66 (76%)

cores have been performed

Robustness test up to 4096 threads and 2.1TB on 1024

Throughput [GB/s]
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oph_lstm(input_ OPH_TYPE, output_OPH_TYPE, measure,

LSTM Primitives and dim_in, dimout, n_h_layers, n_hneurons, [dropout],
SANIFS use case [learning._rate], [unrolled_len], [minibatch_size],

[max_epoch])

Time-series predictive analytics .
oph_lstm_predict (input _OPH_.TYPE, output_OPH_TYPE,

The algorithm has been divided in two measure_a, measureb, test)
phases: training and test/prediction

e
Implementation based on the KANN 4 b ML b s S AR Rl N
library 53 WY O AW WY |

After the training, the resulting neural
network with updated parameters is Model Vs LSTH Forecest

—— Observations ~—— LSTM Neural Network predictions ~—— SANIFS predictions

saved as a binary array in a datacube.
It can then be reused in the test phase

For test and prediction we defined

Normalized Temperature
o
o

another primitive
The primitives can run in the

T T u u T T T T T T T T T T T T T T T T T T T T T
oph apply ope rator 1 13 25 37 49 61 73 8 97 109 121 133 145 157 169 181 193 205 217 229 241 253 265 277 289
—

Time Steps




Conclusions = Ophidia2.0 provides a stronger integration of

big data and HPC

— Major step forward w.r.t. Ophidial.4 and HPDA
paradigm

— Tight integration with HPC eco-system

— New flexible and dynamic deployment approach

— New release of the native I/0 and analytics server

— Improved management of multi-user scenarios

— Three levels of parallelism to address higher
scalability

— Process-level (vs thread-level) connection to the
OphidiaDB

= Planned to be released by this month (January
2019 at the latest). Stay tuned!




Thanks!

Do you want to join this effort?

Please get in touch with us soon




