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* Scientific experiments
* Blast workflow

* Data parallelization

* Hydra middleware

e Case study

* Measurements

* Provenance support

* Conclusion
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Current Solutions

* mpiBlast, G-Blast and CloudBlast represent solutions for
executing Blast in parallel on cluster, grid and cloud
environments, respectively.

* BlastReduce: Using map-reduce approach to obtain data
parallelization

* These solutions are disconnected from the concept of
scientific experiment and they are not concerned about
capturing and analyzing provenance.

 Scientific Workflow Management Systems (SWfMS) is an
alternative to represent a scientific experiment (Taverna
Workflows, for example)

* This solution brings some difficulties in obtaining
parallelization
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Data Parallelization Difficulties

e Data fragmentation

o Dependent on the data format
 Activity distribution in HPC from SW{fMS
* Data aggregation

o Dependent on the data format



.

L
SAREEESE3.1 | Flasmodivm falciparum apurindc/apyrinddinic endonuclease

Apnl [apml) gere, cooplete cds.
HEFSFYHESFISLASFFFIFFSLLLYMLVLLYT FFENYDEAGTLEIRVI RENTFNHI YHN
THNTHYT BOOY PN T FRHCRHY Y HNNE AN L EAF NN YMHT FFKTYEGHIHEKR EHF
FERYLFHNHLEKSGDEFNTV I SKI TES00Y D I AKYMMEKE SLEECERNKEGEEYHEH
YECHNTEDERTHFEDGT F I KEXEEETENEXGSTI CLEXETGENYLET BNNT YRNDTHYLS

e a3
YT KEYAKT SHT YLGNHT SR 800V (AP THEF NI S0LAFALF LENGRIHESARLTHENT
HOFEENCIFNFDENFI LFHASY LINLANFDFEKRDES T LAFLODIKRCEQLNIKLYNFH
FOSTVGOCTVIEGTERVADCTHEVHEE THNY T TVLENSAGHINEVGSKFEHLRDT INLVH
DHDRTGUCLOTCHTEAMTYHT 5T FENFONVMKGE DO T VHVE Y LEAVHLNDEKEDT GIGL0
RHEHTGHGLTHOTE KY TMSEIE FENT FT TLETFDT THDEST YEVET QHLYKLYFER
FAREEI3E0.] | Flasmodium ralcip:.rum isclate HNOS merczoite surface

rtial eds. e
ERITHARET ST THNGES QT TT FTAADT I ASAE0FS THINETETT

e e
HNGE ST TTFTARDT TASGI0RE THEAST ST TNNGESOT TTRTAADTFTATESNEPSFFT
TTTEESSSGHAFRET DGHGEESEKONE LNESTERGFHA
SAMEEA361.1 | Flasmodium falciparm isclate HN11 merczsite surface
protein 2 [MEFZ] gene, MIF2-FCZ7 allele, partial ods.

3T

TTTFTAADTPTATHSNSFEFFITTIE
77T TTT ONELNESTEEGRER
>AMEEA352.1 | Flasmodium falciparum isclate FNEN merczoite surface
IR, FEFESE T AL I

3T

FADTYAIY

FETT T T
ITTTFTAADTPTATESNSFEFFITTIE
BHIFEFFITTTE 2 SGHAPHET DGHGEESEKGHE LNESTEEGFKR
SMMFEI3E3.1 | Flasmodium falciparum isclate FN42 mercacite surface

= NS PRI LIV .
WOTIA, 2T "TTPTMPI‘ATKENEPEPFITHE
ITTTE TTT FHELMNESTEEGRSA,

SANEEI3GY 1 | Flasmodium falciparum isclate HNT1 merszoite surface
protain 2 [MEFZ] gane, MIF2-PC2Y allele, partial oda.

smtmmmmmmmﬂHumrra‘rxsusrswnns

ITTTE KMELMESTEEGRA
FAMKEAZGH.1 | F:I.aslrndirm falciparum isclate HN48 mercacite surface
protain 2 [MEFZ] gena, MIF2Z-2DT allela, partial oda.
SGASGIAGERAGAIG EAGIGDGAVASARNGANPARDARGESSTFATTTTTITTITTNIRE

RETATASENFHHINAETH
PAAEEA396.]1 | Flasmodium faloiparum isclate N2 maroscite surface

wan

} fia7

fonl (apnl) gene, complete cds.
HFFSFYH33F3SLSSFFFSFFSLLLYMLVLLQI FPKNYDEAGTLS IRVIRKNT ENHSYRN
RN IHY IECGY PN FNHCRIY YMNNE YNHNL 32 PERNENN Y MH T FFR IVE GNERRRREHE
FERYL FEMRMLE RSGDRRNTVI SKITE SCQYED IRK TMNMERE 3L EEGERNE S GEEYHRE

AAKB2583.1 | Plasmcdium falciparum apwrinic,apyrimidinic endenucleasd

IRE AR ISHIYLGAHI A CEVONAFINSFRISCLAFALFLFNCRENESRRLTHENRL
FPEERCEEYNEDENFILFHGEY LINLANFDRERRDOFSYLSFLDDIKRCEQLNIELYNEH
FGeIVEOCTVIEGIRNVADCINEVERE TNV I IVLERSAGCRNSVEIKFERLRD I INLVHE
PRCRIGVCLDTCHTFARGYNIKTFENETAV MR EDDIVHVEY LEAVHLED3RSDIGSGLD
FHENIGHGELTHMDTERY IMKSEYFENIPIILETPDITHDESI¥YRYEIQNLYELYEFER

rotein 2 (M3FZ) gene, MSPZ-FC27 allele, parztial cd=.
AN AFHADTIAS SR I TR RS TS TTMMEESQTTTETRAADTIASEIQRATHIASTSTT
EESTTTPTAADTIAS IR THEAS TS TINRGEIQTTTETARDTFTATESHSESEED
TIE3333GHAPHRTDERGEESERQNELNESTEEGFER

-ARFE3351.1 | Flasmodium falciparum i=olate HNH1l merosoite surface
brotein 2 (M3FZ] gene, M3PEZ-FC27 allele, partial cds=.
NG!HA.‘P‘KRDTVBHVEQE5mS\ASTSTTWGEEQTTTPTMDTP’l‘!’l‘KS\KSPSEEITTI‘E

MBQQSE._'L | Flasmodium falclpm:u.m :\.501;1—.: EN'Z'? merocoite surfacel

protein 2 (H3FZ) gene, HSPZI-FCZ7 allele, partial cds.
VAN AFFRNTIASGI I3 THSASTSTTHREESQTTTPTAADTFIATESHSPSFEITIIE

i

pratain 2 [HEFZ] gane, M3F2-3DT allala, partial ods.
SOIAGIGAVAIMIIEAVAIA
ENFNHEMAS TN

TPATTTTITTITITHDAERSTSTSS

} f12e

[ onasequence#1 -
[ onAsequence#2 eotein 2
] onASequence#3 f3 ]

D DNA Sequence #4 protein 2

f, -

nuc leasd

N aemodium IalCiparum apurinic/apyrimedinic en
bprl {apnl] gene, complese cds.

HEFSFYHSSF33133FFFSFFSLLLYMLVLLQI FPENYDEAGTLS IRVIRENTERHSYHN
[ENIHY IHCGYENIFRNCRNY YMNNEYHRNL SA PEENENN YMET FFR IVEGNKRERREEE
FrEY L FHMNML ER3G0RFNTVISKITESCQY GO IRRYMRMERE 3L EEGERNKSGEEYHRE
/EQNN IRDERIHFRDGTFIRSKEEE IENERGGT ICLEKEI QRNVLEIMNNT YHNDTEYLS
RPEGUVTHNESKQIEEEIERERRERFRNNN RIKSERSANDTENIPPIFENTEDRWND
R TR EYAR T INTYLEAHT SASGEVQRAPINSFNI SGLAFRI FLENQREWE SAALTRENT
fQFEENCRRYNEDRRE I LPHGSY LINLARPDKERRDE SY L3P LODIRRCEQLNIKLYNEH
&3 TVGRCTVIEGIKIVADC INFVERE TREVI TVLEN SAGORNIVESREEHIRDI TRLVE
hEDRIGVCLDTCH T ARGYNIRT FENF DNVME QFDD I VRV Y LRAVE LNDSKSDIE3ELD

HEHIGRGRLIMDTFR Y IMESEYFRNIPIILETEDITRDESIYRYEIQNLYKLYFER

30433 T P asmonrom !i!l::\.pﬂ!lﬂ Toorate DNLD meroocire suroace

rotein E [H3P2} gene, M3FZ-FC27 allele, partial cds.
GRANAFHADTIEZGIQRSTHSABTETTRRGESQTTTETARDTIASGSQRITHIRATATT
FRGESQTTTFTARDTIASGICRSTHSASTATTHNGESQTTTPTARDTPTATESN3PAFPT
[TTES333CHAFRETDGEGEESERCNELRESTEEGERR

[ RARToOoI L | Cla-moOiun TalCiparum ISOlate FHIL MmeIoZoite SGrrfac)
(M3FP2) gene, MIP2-FCIT allele, partial cds.
SVGRNAFFADITVAIVSQSSTHSASTSTIRNGESQTTTFTARDTPTATRESNIFSFFPITTTE
SHSPSFFITITRAEREPSPPITTTEI S22 GHAPNETDGEGEESEEQNELNESTEEGEER

. - a=modium falciparum isolate merozoite surfac
[(M3FPZ) gene, M3IFZ2-FCIZT allele, partial cds.
SVGRNAFFANTIAZGSQSSTHSASTITIRNGESCTTIFTARDTFTATESNIFSFFITTTE

(b)

J




Sequence Fragmentation | Database Fragmentation

No data parallelization No No
Yes No
Data parallelization No Yes*

Yes Yes*
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* Middleware solution that bridges the SWfMS to HPC
Environment supporting data parallelism

EB]' MTC Environment

* Goal: reduce the complexity involved in designing and
managing bioinformatics programs while collecting
provenance data
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Steps to use Hydra

* Adapt the workflow for distribution using Hydra
e Setup the data parallelization

o Configure the workspace template and invoked program

* Setup a data fragmentation cartridge in Hydra
o Develop a program that fragments a bioinformatics data
file
* Setup a data aggregation cartridge in Hydra

o A program that aggregate or merge data produced by
individual workspaces
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Setup the data parallelization
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e BLAST tool

o Identification of similar sequences between Plasmodium
falciparum e o UniProtKB/SWISS-Prot database
(june/2008)

o Data fragmentation of input query
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Experiment

* Workflow developed in VisTrails

* Hydra was setup with:
o Torque cartridge for job submission
o Data fragmentation cartridge using FASTASplitter
o Workspace configuration for blast invocation
o Data aggregation cartridge using BlastMerger



Experiment results

* Execution mode in 64 node Altix ICE 8200 with Xeon
8 cores per node installed at Nacad High
Performance Computing Center at Federal
University of Rio de Janeiro

* Speed-up measured
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o Where are the merged results for some particular
experiment?

o What was the alignment method that lead to the best
result?

o What were the parameters that lead the best result?
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Summary of a Hydra MTC execution using 4
nodes with 8 cores obtained from the provenance

repositorfy
Number of activities (fragments explored) 256
Start date/time 2[}11[}2 [ﬁ) 09
Uploader time 0.8 min
(compression + data transfer + decompression)
HPC Execution Time (Dispatcher + Gatherer) 941 min
Downloader time 0.1 min
Total Execution Time 941.9 min
Speedup 31.5
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Conclusions

* Hydra can be a bridge the SWfMS and the HPC
environment

o Data parallelism using workflows

o Evaluated in a real case bioinformatics experiment using
BLAST with little overhead

o Supports distributed provenance gathering
o Good speed-up and execution time



 Balance workload between nodes

* New cartridges for data fragmentation and
aggregation

* Automatic setup for fragment size and used nodes
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