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● Part I: 

– Bioinformatics workflows on hybrid parallel architectures.
● Part II

– Social and healthcare data integration supported by 
distributed execution engines.

Outline



  

● Multicore processors + multi-GPUs 

+ multi-MIC systems.

● What technology is dominant?

Hybrid parallel architectures



  

● Why they are hard to program?

– Parallel programming => performance-oriented programming.
● Users must explicitly deal with scalability, load (tasks + data) 

balancing,  synchronization, and communication issues.

Hybrid parallel architectures

2 to 32 (AMD 
Opteron Zen)



  

Our approach
● Performance model, based on algorithm parameters (AP) and 

system parameters (SP).

● Auto-tuning methodology: estimate parameters during setup.

Execution time(t)= f (s , AP, SP)

Input size
✗ Cost of one arithmetic operation
✗ Communication (start-up + word 

transfer) times

✗ # of processors, # of processes
✗ # and size of data blocks



  

BORATTO, M.; BARRETO, M.; ALONSO, P.; RAMIRO, C. (ICCS 2012)



  

BORATTO, M.; BARRETO, M.; ALONSO, P.; GIMENÉZ, D. (Journal of Supercomputing, 2014)

System 2: 
- 4 NVIDIA Tesla C2070 (240 cores/GPU), 2 Intel Xeon quadcore processors (2.4 GHz, 48 GB DDR3)
- Number of CPU cores (c) = 16
- Workload (w) = (GPU, GPU, GPU, GPU, CPU) = (22%, 22%, 22%, 22%, 12%)



  

Current efforts
● Use of functional performance models (FPM) to data 

partitioning in hybrid parallel architectures.
– Asynchronous task assignment model applied to matrix polynomials and 

triangular linear systems.

● Complete abstraction of the underlying architecture.

run(myApp, inputData, NumberofCores)



  

Leishmania, EpiGen-Brasil

Current efforts - Bioinformatics
● Adaptation of bioinformatics tools to hybrid architectures 

through performance and auto-tuning models

FPM + auto-tuning

BLAST, ClustalW, PhyML, 
ProtTest, Tree-Puzzle Autodock, Gromacs

Phylogenetic analysis Virtual screening

Biology Pharmacy

MPI

Support for bioinformatics applications through volunteer and scalable computing frameworks
GUTIERREZ, F.; AZEVEDO, D.; BARRETO, M.; ZUCOLOTO, R. (CLUSTER 2014)



  

Part II – Social and healthcare data integration
● The '100 million cohort project' challenge

● Introductory conference: Mauricio Barreto - “Evaluating 
the impact of social protection policies on health: 
the 100 million Brazilian cohort”

Social Programmes using CadastroÚnico



  

Users (scientists, 
government etc)

Web portal

Linkage pipeline

Original data sets and 
dedicated resourcesDevelopers

(Computing,
Statistics,

Epidemiology)

Anonymized data 
marts

Proposed platform

Metadata / IndexingCohort setup / mgmt

+

+



  

Cohort setup and management
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✗ Longitudinal merge of CadastroÚnico (CadU) 
based on NIS (social ID) attribute Table       Filesize          # of lines          Version



  

Record linkage pipeline
CadU baseline Payments of Bolsa

Família (PBF)

SIH
(hospitalization)

SINAN
(notifiable
diseases)

SIM
(mortality)

SINASC
(live

births)

Deterministic
Probabilistic

Data quality assessment

Data conditioning

Record linkage

Accuracy assessment

✗ CadU baseline + SUS files
✗ Metrics for qualitative analysis
✗ Candidate attributes for linkage

✗ ETL-based routines (cleansing, 
standardization)

✗ Anonymization (Bloom filter)
✗ Blocking routines
✗ Comparison blocks

✗ Linkage parameters
✗ Linkage routines (deterministc 

and probabilistic)
✗ Data marts

✗ Assessment metrics (sensitivity, 
specificity, VPP etc)

✗ Controlled scenarios
✗ Accuracy results

ATYIMOATYIMO

A Spark-based workflow for probabilistic record linkage of healthcare data
PITA, R.; PINTO, C.; MELO, P.; SILVA, M.; BARRETO, M.; RASELLA, D. (BeyondMR - EDBT/ICDT 2015)



  

Record linkage pipeline - methods
✗ Full probabilistic: Sorensen (Dice) index applied to Bloom filters. 

2h

|a| + |b|Da,b = =  [0, 1]

h = number of 1's at same position 
in both Bloom filters
a = number of 1's in Bloom filter A
b = number of 1's in Bloom filter B

A

B

✗ Hybrid approach: individual comparison of attributes based on different rules

Correlação probabilística de bases de dados governamentais
PINTO, C.; PITA, R.; MELO, P.; SENA, S.; BARRETO, M. (SBBD 2015)



  

Record linkage pipeline - results
Databases Total #

of records
True

matches

Rotavirus
(diarrhea)

686 486
(positive exams)

Other causes
(children treated at 
outpatient clinics)

9,678

● Controlled scenario: 2 databases

● 4 simulated scenarios

– different percentage of changes in records

● Main metrics:

– Sensitivity ('sensibilidade')

– Positive predictive value (VPP)

Tradicional = full prob.  Alternativo = hybrid prob.



  

Record linkage pipeline - results

Sergipe: CadU (1,447,512), SIH (49), SINAN (624)
Sta. Catarina: CadU (1,988,599), SIH (330), SINAN (2049)

BCG Manaus: 156,331  SIM: 16,260



  

Current efforts
● Cohort setup & management

– 121 million records found! => deduplication

– How to deal with family dynamics in CadU?

● People changing NIS code during relisting.

– Construction of the cohort's profile

● baseline + variables to be used in each desired study.
● currently 15 sub-projects (tuberculosis, leprosy, HIV, suicides, nutritional 

evaluation etc).

● Scalability tests of linkage routines
– Performance and scalability evaluation using the CIMATEC's Yemoja (#2 in 

LatAM) supercomputer 

java.lang.OutOfMemoryError



  

Current efforts
● Metadata & indexing

Individuals
(cohort 

+

other 
databases)

Exposition
(payments received along the observed period)

SIH
SINAN

SIM

2007  2008  2009  2010  2011     ...     2015

1
.
.
.

103,000,000

103,000,001
…

N

Outcomes SINASC



  2007   2008     ….    2015

CadU datasets

2007   2008     ….    2012

Bolsa Família (PBF) Health data (SUS)

Baseline

Cohort profile

SIH   2007 …. 2012

SINAN   2007 …. 2012

SIM   2007 …. 2012

SINASC   2007 …. 2012
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Thank you!

Merci beaucoup!
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