Eulac PerMed 2019

Montevideo - {Jruguay

Experiences on Data Science in Health

Fabio POYTD (Eorto@Incc.br),

ILNCC-MCTIC
DEXL (http://dexl.Incc.br)

Laboratorio

Nacional Ele MINISTERIO DA

Computacao CIENCIA, TECNOLOGIA,
INOVACOES E COMUNICACOES  /

Cientifica



mailto:fporto@lncc.br

[ aboratdrio Nacional de ComputaCio Cientifica

LNCC- DEXL

Eulac PerMed 2019 DE XL

AAAAAAAAAAAAAA



Natdonal Laboratory of SCientfiC
Computing
e Research unit of [Vlinistry of SCience
Technology, Inhovation ahd CommuniCation,
Brazil
e (GGraduate Course in Computational Modeling
e Coordinator ofthe SINAPAD
o INCT-MACC
e INCT-CID
e ThematiC[ aboratories
- [ablnfo — Bioinformatics
- Hemolab — Cardio-Vascular System
- DEXL-Data Exwemelab 0 oo
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Petropolis, Rio de Janeiro, Brazil
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SINAPAD: National System of HPC
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Santos Dumont — Super Computer

- 18.14¢ CPU cores oh 756 computng hode (2¢ Cores per hode);
Nodes with GPUs NVIDRAK¢0 and Xeon PH]

- fatnode with 6TB RAM and 16 CPU Intel I\Q/ (}5 cores per CPU))
Eulac PerMed 2019
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Santos Dumont Expansion —

NOV/2019 (tOp 500)

2 Sequaha X1000 Modules Atos-BULL “ -
- 82 Blades X1120
- 12 Blades X1120
- 9¢ Blades X1125

- ‘Total top CapacCity ¢ PAops
e TOtal peak CapacCity 5.1 pAopsS

ree— =

193  Laboratério Nacional de Santos Dumont (SDumont) - Bull
Computacao Cientifica Sequana X1000, Xeon Gold 6252 24C
Brazil 2.1GHz, Mellanox InfiniBand EDR,
NVIDIA Tesla V100 SXM2
Atos

‘Eulac PerMed 2019

Uptol44compute nodesand the

Firstcompute cabinet

hydraulic modulesto cool them

33,856 1,849.0

Second compute cabinet

Uptol44 compute nodes
and the hydraulic
modules tocoolthem

Switch cabinet

In lcl T.l levelland 2
Interconnect,as wellasthe
manay g@ ent modules

2,727.0
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DEXL Overview

ARTIFICIAL DATA
INTELLIGENCE SCIENCE

Data

Based _
Modelling Mathematics

Computer
Science
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Thtroducdon

e Modern Information systems Comprise a
complex set of methods to make sense ofthe

observed phenomenon
- mtaa MOde|51 UIS

e [Data comes in diferentforins: sighals,
measurements, images, Simulation data etc..

e Knouwledge expressed through di

erent

approaches: knowledge bases, models (First
prinCiples, Machine [ garhing,..), wWeb, texts, pdf

files,...

° erenttoo|s to explore kKnowledge Sowcef:)EXL
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Objectve

e Inthis talk T Will Convey the message that
personalized follow-up requires a holistiC
View oh heterogeneous Knhowledge sources.

Our approach: Methods + t00ls
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Outline

e Knowledge Base Introducton
o THE SAHASYSTEM

o THE DATASCIENCE SUITE

e THE GAVIVE SYSTEM
e Fihal Remarks
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Knhowledge Bases

e K3 for specifdc Domains
o An extension to databases approaCh with
emphasis oh reladonships and inferencCing

methods

e AZraph-based representation Comprising
entgdes, their re|lgdonships, Classes Of enttes all
represented gt g Same |0giCal level

e ACCOMMOodates di

erent data types

e [ Ahguages for representation, naVvigationh ahd
Y'easomng Eulac PerMed 2019 DEXL
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Knowledge Base Construcdo

-“ ige |
A ;Q‘\ 1
Data Decis cientis

KnowledgeBase

A
[ ) o]
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Continuous update



KB — Construction
Process Overview

Data Management

Model Management + KB update

KB consumption

Eulac PerMed 2019 DEXL
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System developed by DEXL to the Braziliah OlympiC Committee to improve athletes
performance

SAHA — ATHLETES HOLISTIC FOLLOW-UP
SYSTEM

http://dexlIservice.Incc.br/saha

Fabio Porto, Ana Maria Moura, F. C da Silva et al., A Metaphoric Trajectory Data Warehouse for Olympic Athlete
follow-up, Concurrency and Computation: Practice and Experience, 24(23), 2012.
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Challenges

e Integrate observations from diferent
disCiplihes

e Extensible to ahy hew quantfable Variable

o Integrate with athlete/patientflled
questionnaires

e Common ahalytiCal View fostering
longitudingl interpretaton

e FOCUS Onh individual data
Eulac PerMed 2019 DEXL
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MutddisCiplinary

Biochemistry

5 4 2

e

A. Bassini, L.C. Cameron, Sportomics: Building a new concept in metabolic studies and exercise science,
Biochem BioPhys Res Comm, 2014, 445 (4).
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HETEROGENEOUS OBSERVATIONS
EXTRACTIONAND
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[ »e ||Glenn Walking 2012-03-16
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VA - Left Knee
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VA - Right Knee

Joint Angles: Knee ]| | Joint Angles: Hip 5]
Category | Name | Value °| Cetegory | Name | Value
GaitParameters _ LeftkneeRange _|114.473571967%0... [O] |GaitParame... Left Hip Ra... 38.12178787...
=]

VA - Right Hip
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Blood Collection — Blood
Count data
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Data Schema — High [evel/
Cimplified View

Routine

State

Target

Evaluation

Measurements

Observable
Element

Eulac PerMed 2019
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Observable elements follow-up as
tra)ectories

eeeeee * Path
t, 6, t5, b, b, ts, t5, tg, £, Timeinstants
T1, T2, T3, T4, TS. TrajECtorieS
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[ongitudinal analysis on historiCal-
measurements

B+ - Atleta A CHEM8+ - Atieta A
s ope FRT] . P T . -
Il Gréaficos - Média aritmética e desvio padrao Elemento : Sodio Elemento : Potassio
139.25 5.25
51 5.1
# Inicio .l Gréficos - Média aritmética e desvio padrio 139 139
138 s
" 138.75 478 A4z
Modalidade Elemento observivel  Estado Data Inicial Data Fim 5
1385
£
— €
Listogom &5 Gorida v Frequéncia.. Pico do Exer... v 28/08/2016 25032019 - s
) 138 138 4
(@) Avaliagdes ~ 138 4
Atletisma - Frequéncia Card Carrida - Frequéncia Cardiaca - Pico do Exercicio
137.75 3.75
Repouso Repauso Exercicio RepoLsD Repousa Repouse Exercicio Repouso
Gréficos ~ iach . (13/05/2016 - (13/05/2016-  (13/05/2016-  ( 6 (13/05/2016 - (13/05/201 (13/05/2016 - (13/05/2016
il Avaliagbes de: 28/08/2016 a 25/03/2019 08:50:00) 10:00:00) 10:25:00) 11:30:00) 08:50:00) 10:00:00) 10:25:00) 11:30:00)
Modalidade: Corrida Desvio Padrio: 29.55
Média aritmética e desvio s Sodio Potassio
padriio
Trajetérias por elemento 200 Elemento : Cloreto Elemento : Calcio lonizado
Trajstérias por grupo de E Desgio Padrio Superior: 176.64 108 138
elementos & 175
& 105 105 105 136
Trajetérias ascendente ou Il 103 136 y
descendentes £ 150 M ical
Trajetérias com extremidades 3 164 134
maiores ou menores g s o Padrao Inferior: 117,54 133
& 103
Méximos e minimos 3
g 100
Trajetérias em intervalos de & 102
méximos e minimos )
75 101 13
101 129
50
o ) 100 1.28
Frequéncia Cardiaca (bpm) Repouso Repouso Exerciclo Repouso Repousa Repouso Exercicio Repouso
(13/05/2016 - (13/05/2016 -  (13/05/2016 -  (13/05/2016 (13/05/2016 - (13/05/2016 -  (13/05/2016-  (13/05/2016
08:50:00) 10:00:00) 10:25:00) 11:30:00) 08:50:00) 10:00:00) 10:25:00) 11:30:00)

http://dexlIservice.Incc.br/saha
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[ ongitudinal observations Of a

Atleta A - Cloreto

Atleta A - Avaliagdes de: 13/05/2016

Monday, Jun 13, 11:50
= Atleta A: 105 Milimol por Litro

Exercicio ercicioRecuperagcio Repouso Repouso

?{
105 (@

104

103

102

Milimal por Litro (mmal/l)

101

100

12:00 14:00

Highcharts,com

108

erciciofecuperagio Repouso Repo,

104

102

Milimal por Litra (mmal /1)

100
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From Observations to Evidences

proving hypothesis

Evaluation target: To reduce running time

Evaluation
Target

vidence

Hypothesis

Suggestions

ESPORTE | OBJETIVO | PRAZO |# DEPTO. EVIDENCIAS HIPOTESES
Analise do nivel de CK, GamaGT Aumentar Trei | \tagdo de praticas nutricionais suplementares
Queda da concentragdo de bicarbonato Aumentar reserva de bicarbonato Aumentar treinamento
1|BIOQUIMICA Niveis de Creatinina Melhorar hidratagéo
Niveis de Glicose, Ureia e Creatinina Rever status nutricional
@ Baixa reserva de glicogénio Dieta inadequada ou treinamento leve
g Baixa ingestdo de dgua
z Baixa reposigdo de energia .
E 2|NUTRICHO Baixa ingesto de carboidratos Falta de energia
s Consumo baixo de vitamina D
g g o Analise da composigdo corporal Excesso de Gordura
E % E I |[FERIE: Analise do consumo maximo de oxigé BeliglconsumGide02
< B - ° Baixo Limiar ventilatério 2
- 8 Apto para mais esforgo
kel 4|BIOMECANICA Articulagdo joelho estavel Boa habilidade motora
§ Dominio de forga
8 Indice de auto eficicia Alta eficacia e Auto Confianga acima da média
© 5 |COMPORTAMENTO ) " Leve Exaustdo emaocional
Indice de Stress/Recuperagio = —
Preocupagdo com lesdes
ANALISE DO DESEMP.
E SUP. AQ TREINO

Eulac PerMed 2019
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Supervised [earhing

e Training: Given training examples (X, ¥/} where )Xis the feature Vector and Y the target
Variable, learh a function F to best fitthe training data (i.e., ¥;~ Fxy/forall A

= e

Y

E-commerce
Model F —> Site 7

Historical Data
X, )
GERE Learning
(X,y v) Algorith
(Medicao, AIVo)
e Prediction: Given a new sample XWwith unkhown Y; predict Yusing Fox)
Sigp—m—oe— s URL —X
¥ 4(Q%EVERYTHING Title/Bod
spring color y Text
| "" ,@ Hyperlin
ks y

Features/Attributes

Target/Label

e Inverted Problem: Giveh a Ydetermine relevant Xusing FZ(y)
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Project Status

o SAHA systems entirely functional
e Jmplementation focused in:
- Hostihg data from diferent sources
- Ofering an integrated ahd holistiC View on targets

- Some fixed plots that explore statistiCal and
longitudinal aspects of measurements

e The Aj layer to be integrated

Eulac PerMed 2019 DEXL
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Htp:// dss.dexl.Incc.br

DATA SCIENCE SOITE (DSS)

Rafael S. Pereira, Fabio Porto, SBBD2019, Demo, Fortaleza, Brazil
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Objectve

e TO provide g suite OF data sCience services

e From a data exploragtory Perspectve t0 a
ready to use ML, based predicdons

e TO be extensible to hew fegtures (still under
development)

Eulac PerMed 2019 DEXL
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Current Services

. Data Visualization
PDF Understand your data

TextAnalysis

TextAnalysis DataExploration
Application which lets the user expiore the contents of a PDF file and compare two Application which lets the user do data exploration on a tabular dataset with a
different PDFS for similar subjects interface

PDF g

SentimentAnalysis

Deep Learning Image Predictor

SentimentAnalysis Deep_Learning_Image_Predictor

Application which lets the user explore the contents of a PDF file for different Application which takes as a input a image and classifies it to the 5§ most possible
sentiments labels, expects a keras trained model

OBJECT DETECTION
Find them all

ObjectDetection

Plant Classification

GraphAnalysis

Plant_Classification GraphAnalysis

Application to classify plant images into possible species and classify their health A Application that receives the adjacency matrix of a graph in a tabular form and
status lets the user see many metrics of this graph

TimeSeries

MachineLearning

TimeSeries MachinelLearning

A Application that receives a time series in a vector form inside a tabular file and
lets the user analyze the series

A Application that receives a Tabular file and lets the user test machine learning
models to predict the variables

A application that receives a image and detects all objects trained on the coco
dataset

Eulac PerMed 2019
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Childbirth per district with

Exploratory Data Analysis

Insira o arquivo a ser analisado.csv

Browse... = Atendimentos Hospitalares por Municipio.csv

Upload complete
¥ Show Summary
Show correlation matrix
Show the relative amount of missing data
Show the functional dependency(uses x as variable to predict)
Show The minimum set of aproximate functional dependency(uses x as variable to predict)
Generate best Graph

Show histogram of x

X

Cirtdrgico -
Y

Obstétrico A
Color

Neonatal hd
Size

Neonatal -

Completar Dataset & Download do dataset completado

Data Exploration

Obstétrico

1000~

750-

500-

250-

Municipio
Length:5570
Class :character

Mode :character
Neonatal

Min. 0.0

1st Qu.:

Median :

Mean

3rd Qu.:162

Max. 1997.

PCA Visualization

UF
Length:5570
Class :character

Mode :character

Correlation Matrix Image

Cirdrgico
Min. : 0.0
1st Qu.: 0.0

Median :147.0
Mean :125.1
3rd Qu.:163.0
Max. :988.0

3D plots

(]
[ ]
Obstétrico
Min. i 0.0

1st Qu.: 0.0

Median :162.0
Mean :129.7
3rd Qu.:163.0
Max. :982.0

Eulac PerMed 2019

500

° .’.0‘

-’.-.-"” 2""

@ .

750

Cirdrgico

#

Neonatal
.. 750
500
250
o
0
1000
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Childbirth hormal VS Cesarean

Exploratory Data Analysis

Insira o arquivo a ser analisado.csv

Browse... | Atendimentos Hospitalares por Municipit

Upload complete

¥ Show Summary

Show correlation matrix

Show the relative amount of missing data

Show the functional dependency(uses x as variable to predict)

Show The minimum set of aproximate functional dependency(uses x as variable to predict)
¥ Generate best Graph

Termos maximos da expanséo

1 a 20

Numero de modelos a ser plotado

1 2] 12

Metricas

R squared

Show histogram of x
X

Cirdrgico -

Y

Obstétrico -

Data Exploration PCA Visualization Correlation Matrix Image 3D plots
Modelos
1000- . 5
y=poly(x*5)
* . y=poly(x~4)
750- ' S,
I+ .
-g °
Q 500-
o
© [}
@ )
250~ '
0-
L] 250 500 750 1000
Cirtrgico
Municipio UF Cirdrgico Obstétrico
Length:5570 Length:5570 Min. : 0.0 Min. 1 0.0

Class :character Class :character 1st Qu.: 0.0 1st Qu.: 0.0

Mode :character Mode :character Median :147.8 Median :162.0
Mean :125.1  Mean 1129.7
3rd Qu.:163.@0 3rd Qu.:163.0
Max. :988.0  Max. 1982.0

Neonatal

Min. : 0.0

1st Qu.: 0.0

Median : 0.0

Mean : 81.3

3rd Qu.:162.0

Max. :997.0

Eulac PerMed 2019 DE XL
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Predicdon: heatthy Vs not healtth

Not Healthy

Deep Learning Predictor

Selecione a imagem

Browse... | ISIC_0001132.jpg

Upload complete

Selecione o modelo

Browse... = cancer.model
Upload complete
Sels o arquivo de cl; csv
Browse... | cancerpickle.csv

numero de classes preditas

o

class probability
1 Doente 0.98948050
0 Saudavel 0.01051945

Deep Learning Predictor H e a I t h y

Selecione a imagem
Browse... ISIC_0000000.jpg
Selecione o modelo
Browse... = cancer.model
Upload complete
Selecione o arquivo de classes csv
Browse... = cancerpickle.csv

numero de classes preditas

5

o Soudaver | 0.8937428 Eulac PerMed 2019 )EXI—

1 Doente 0.1062572
vniA EXTREME LAB



Comments

e [SG is available for use through web
interface

e AMS at supportnhg experienced anhd hovice
data sCientsts in extraCtng Knowledge from
data

e ]S in Ongoing development
- Rafael Silva Pereira, LNCC MscC student

Eulac PerMed 2019 DEXL
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SAVIME Simulation Data Analysis
¢ Visualization
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Cimulations: CardioyasCular
System — Hemolab LNCC
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Veloohy Mogritucks
100

' -

: 50

E.;"J

0
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Vmod (cm/sec)
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Veloctty (cmyisec)
e b I\ 450

a3s
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SAVIMVE System — in-house DBM

In-memory

Mutd-dimensional array data model

Chared Memory ArchiteCture

Column-store (each Variable store in g diferent dataset)

Amrays subdivided in subarrays
- Distributed allocation of subarrays
—  TParallelism inter subarrays and intra elements ofthe subarray

e TFunctonal Query [ anguage
e Data Ingestion withouttransformation
e Query Optimization

bretps://github.Ccom/hllustosa/Savime

Hermano [ ustosa, Fabio Porto, Pablo Blanco, Patrick Valduriez:
Database System Support of Simulation Data. PVLIDB 9(13): 2329-13¢40 (2016)

SAVIME: A Database Management System For Simulation Data Analysis and
Visualization, SBBD 2019 (t0 appEas PerMed 2019 DE XL
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https://www.google.com/url?q=https://github.com/hllustosa/Savime&sa=D&source=hangouts&ust=1548153264664000&usg=AFQjCNFMvvJsRBrnJtkWXA9n6ncLjz5V4Q
https://dblp.org/pers/hd/p/Porto:F=aacute=bio
https://dblp.org/pers/hd/b/Blanco:Pablo
https://dblp.org/pers/hd/v/Valduriez:Patrick
https://dblp.org/db/journals/pvldb/pvldb9.html#LustosaPBV16

Savime’s TARS Data Model

| RN A 1
Type; | | Type Type TR TP o [ Ded ;AJQI‘ fo) ys
ole a ole le {@ fr(x)
1 ; le i 1
/! le j

;ubTARz I ® ;Allows -FOY%S’C data
ingestion

?gglar Or Jrregular

o Representat:on fOor

domain SpeCifiC data
': imulation Data,

S o0 ENER L U | chihe rnmg

| E——— | m ’ n ’ ng

Algebra Relationships

-Operator1 -A.dimB = C.dimD

-Operator2 -E.dimF = G.attH

Hermano Lustosa, Fabio Porto, Noel Moreno Lemus, Patrick Valduriez:
TARS: An Array Model with Rich Semantics for Multidimensional Data. ER

Forum/Demos 2017: 114-127 DEXI_
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https://dblp.uni-trier.de/pers/hd/l/Lustosa:Hermano
https://dblp.uni-trier.de/pers/hd/l/Lemus:Noel_Moreno
https://dblp.uni-trier.de/pers/hd/v/Valduriez:Patrick
https://dblp.uni-trier.de/db/conf/er/erf2017.html#LustosaPLV17

Savime’s Query LLanguage

a4 Functonal
where (0) where (0) QUG Y)’

aggrega:ie;n(j oin ( Filtered Filtered Lﬁ ngu age wm
whex_;e (. ?ég)_px, . TARA . TAR B . )Arra )’ ODGY‘G‘COY‘S
Wh?re(Télf)_B ’ dimjoin (6) ® )A.rray T’ IGS aqré
Z)BI(IG | Joined p' pe l ’ ned
. el aCCross array
aggregate (G) Op erators
Output

Hermano Lustosa, Fabio Porto, Noel Moreno Lemus, Patrick Valduriez:
TARS: An Array Model with Rich Semantics for Multidimensional Data. ER

Forum/Demos 2017: 114-127 DEXI_
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https://dblp.uni-trier.de/pers/hd/l/Lustosa:Hermano
https://dblp.uni-trier.de/pers/hd/l/Lemus:Noel_Moreno
https://dblp.uni-trier.de/pers/hd/v/Valduriez:Patrick
https://dblp.uni-trier.de/db/conf/er/erf2017.html#LustosaPLV17

Cavime’s DecClarative Visualization

o CpeCial
Catalyze
Operator
outputs query
results as a
Visualizaton

e Allows Gavime
Integration With
CatalystLibrary

catalyze(
FIELD_DATA_TAR,
GEOMETRY_TAR,
TOPOLOGY_TAR,

);

Hermano Lustosa, Fabio Porto, Noel Moreno Lemus, Patrick Valduriez:
TARS: An Array Model with Rich Semantics for Multidimensional Data. ER

Forum/Demos 2017: 114-127 DEXI—
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https://dblp.uni-trier.de/pers/hd/l/Lustosa:Hermano
https://dblp.uni-trier.de/pers/hd/l/Lemus:Noel_Moreno
https://dblp.uni-trier.de/pers/hd/v/Valduriez:Patrick
https://dblp.uni-trier.de/db/conf/er/erf2017.html#LustosaPLV17

Integration with the Santos
Dumont Supercomputer

Simulation at %t 4  Analysis at shared
supercomputer '*“' "‘4' nothing cluster
Compute nodes
FEEENLEN  Fatnode E

Login nodes

Compute nodes
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SAVIVE Architecture @LNCC

Santos Dumont Supercomputer Petrus Analytics Cluster
Simulation Environment “FELE oara an
Comm. : :
node Simulation  gjmylation
Quality Visualization
Analysis
SV Query
Z —~ comm. Processing
server
RDMA N
888
In-memory

Eulac PerMed 2019 DEXL
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Final Comments

e The DEXI,Iab has been working on diferent
taCKs (methods ahd toolS) 1O SUpport
Khowledge structuring and retrieval

e CUurrentTOpiCs OFResearch
- [earning with Small data
- Mutd-modal learhing
_ Physics integrated learning process
- AuomatiC selection of spatial models

Eulac PerMed 2019 DEXL
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This is a DEXL Team work
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AGlimpse on Experimental

TResutts

Execution Time (s)

10? -

[
o
—

[
o
(=]

1071 -

NetCDF Dense
Savime Dense
SciDB Dense

NetCDF Sparse
Savime Sparse
SciDB Sparse ||
n | h

Low (1) High (1) Low (100} High {100}

Low {500}

High {500}

Exact
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Comparison with [Joading Time

(s)

Loading Time
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