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Large	  scale	  scien4fic	  experiments	  

• Correspond	  to	  simula4ons,	  mathema4cal	  and	  
computa4onal	  models	  
• Process	  a	  large	  amount	  of	  data	  
• Modeled	  as	  scien4fic	  workflows	  
• Assisted	  by	  scien4fic	  workflow	  management	  
systems	  (SWfMS)	  
• Must	  gather	  provenance	  data	  
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•  Scien4sts	  have	  to	  explore	  the	  behavior	  of	  their	  model	  under	  
different	  inputs	  
o  This	  occurs	  in	  many	  areas	  such	  as	  bioinforma4cs,	  computa4onal	  
fluid	  dynamics,	  uncertainty	  quan4fica4on,	  dark	  energy	  analysis	  

•  These	  data-‐centric	  workflows	  are	  computa4onally	  intensive	  
and	  they	  may	  run	  for	  hours/days	  
•  Demand	  distributed	  and	  parallel	  processing	  

Exploratory	  workflows	  
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An	  example	  of	  a	  large	  scale	  experiment:	  	  
Compara4ve	  Genomics	  workflow	  
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Large	  volume	  of	  data	  is	  
generated	  (aligned	  

sequences)...	  

2.	  ...	  which	  are	  used	  to	  
compute	  a	  new	  	  
evolu4ve	  model	  

(modelgenerator)...	  
(304.2	  hours)	  

3.	  ...and	  to	  generate	  	  
phylogene4c	  	  

trees	  	  
(RAxML)	  

1.	  Sequence	  alignment	  (MAFFT,	  
ProbCons,	  ClustalW,	  Muscle	  and	  Kalign)	  

and	  conversion	  (phylip)	  
Input	  data	  for	  compara4ve	  
genomics	  analysis:	  DNA	  and	  
RNA	  sequences...	  
(200	  sequences)	  



Challenges	  in	  exploratory	  workflows	  

•  Interac4on	  with	  users	  during	  workflow	  execu4on	  
o Enable	  scien4sts	  to	  analyze	  the	  status	  of	  the	  workflow	  
execu4on	  

o Interfere	  by	  stopping	  or	  changing	  the	  space	  of	  
parameters	  to	  be	  explored	  

o Very	  important	  in	  cloud	  environments	  
o Fundamental	  technology	  to	  fully	  support	  e-‐Science	  
(Gil	  et	  al.	  (2007))	  
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Characteris4cs	  in	  user-‐steered	  workflows	  
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dynamic	  steering	  

efficient	  query	  system	  

explore	  slices	  of	  the	  	  
parameter	  space	  

Provenance	  
	  Repository	  



Current	  usage	  of	  provenance	  
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iii-‐201102281EHWP25EX8.tcoffeeStockholm	   iii-‐201102281EHWP25EX9.tcoffeeStockholm	  

Long-‐term	  analysis	  

Reproducibility	  

Data	  quality	  

Aeribu4on	  

How	  were	  these	  trees	  created?	  Who	  created	  them?	  	  
What	  is	  the	  difference?	  Are	  they	  associated	  to	  the	  same	  input	  dataset?	  



Using	  provenance	  for	  steering	  
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iii-‐201102281EHWP25EX8.tcoffeeStockholm	   iii-‐201102281EHWP25EX9.tcoffeeStockholm	  

Long-‐term	  analysis	  

Reproducibility	  

Data	  quality	  

Aeribu4on	  

Is	  the	  iteraIon	  converging	  ?	  Should	  I	  change	  my	  Ime	  step?	  	  
Should	  I	  skip	  this	  branch	  of	  the	  parameter	  space	  ?	  Should	  I	  stop	  some	  acIviIes?	  	  

Should	  I	  refine	  some	  parameters	  for	  be?er	  results?	  
Are	  there	  acIviIes	  returning	  errors	  that	  may	  demand	  re-‐execuIon?	  

Run-‐4me	  analysis	  

Evalua4on	  of	  stop	  criteria	  

Refinement	  of	  parameter	  space	  

Query	  run-‐4me	  provenance	  



Provenance	  for	  run4me	  analysis	  

• Run4me	  provenance	  data	  analysis	  is	  the	  basis	  for	  
workflow	  steering	  
o Deriva4on	  history	  of	  a	  data	  product	  and	  the	  status	  of	  all	  
ac4vi4es	  should	  be	  available	  as	  soon	  as	  they	  execute	  
and	  produce	  their	  data	  

• Provenance	  alone	  is	  not	  sufficient	  to	  support	  
steering	  mechanisms	  in	  workflows	  

Domain-‐specific	  data	  is	  also	  needed!	  
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Extrac4ng	  Domain-‐specific	  Data	  
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Query:       i-201103012E4SG6XC1V  [M=483] 
E-value  score  Sequence     Description 
-------  -----  --------     ----------- 
3e-251   838.3 167518822 hypothetical protein [Monosiga brevicollis] 
3.5e-206 689.6 66816225  6-phosphogluconate dehydrogenase [Dictyostelium discoideum] 
1.5e-153 516.1 290997790 6-phosphogluconate dehydrogenase [Naegleria gruberi] 
2.5e-141 475.8 194476751 6-phosphogluconate dehydrogenase [Paulinella chromatophora] 
2.6e-141 475.7 224000295 6-phosphogluconate dehydrogenase [Thalassiosira pseudonana] 
5.9e-140 471.3 219121442 G6PDH/6PGDH fusion protein [Phaeodactylum tricornutum] 
8.3e-139 467.5 221059365 6-phosphogluconate dehydrogenase [Plasmodium knowlesi] 
2.2e-133 449.6 124809822 6-phosphogluconate dehydrogenase, put. [Plasmodium falciparum] 
1.4e-132 446.9 68076479  6-phosphogluconate dehydrogenase [Plasmodium berghei] 
4.2e-67 231.0 84999608  6-phosphogluconate dehydrogenase [Theileria annulata] 
1.8e-47 166.3 71032157   6-phosphogluconate dehydrogenase G6PDH [Theileria parva] 
1.2e-42 150.4 223997774 predicted protein [Thalassiosira pseudonana] 
3.5e-41 145.5 70917327  hypothetical protein [Plasmodium chabaudi] 
8.4e-37 131.1 71661909  6-phosphogluconate dehydrogenase [Trypanosoma cruzi] 

 

File	  name	  

Produced	  by	  RAxML	  
and	  modelgenarator	  

programs	  

Obtained	  from	  third	  
party	  Web	  services	  

(NCBI)	  



Extrac4ng	  Domain-‐specific	  Data	  
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File	  name	  

Produced	  by	  RAxML	  
and	  modelgenarator	  

programs	  

Obtained	  from	  third	  
party	  Web	  services	  

(NCBI)	  

How	  to	  structure	  this	  extrac4on?	  

How	  to	  relate	  structured	  domain	  
data	  with	  provenance	  data?	  



SciCumulus	  Workflow	  Engine	  

• Designed	  to	  distribute	  scien4fic	  workflows	  to	  
execute	  in	  cloud	  environments	  
• Manages	  and	  orchestrates	  the	  execu4on	  of	  many	  
ac4vi4es	  (data	  and	  programs)	  on	  a	  distributed	  set	  
of	  virtual	  machines	  (VMs)	  
• Provides	  provenance	  data	  at	  run4me	  
• Based	  on	  algebraic	  expressions	  
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Workflow	  execu4on	  based	  on	  	  
algebraic	  expressions	  

13	  

HPC	  
Environment	  

T	   Map(	  M	  ,	  R	  )	  

ID	   Doc	  

1	   gene13.hmmin	  

2	   gene27.hmmin	  

n	   geneN.hmmin	  

…	  
R	  

#./exp        –file gene13.hmmin	  
 

Data	  
Instrumenta3on	  

Program	  
Invoca3on	  

Data	  Extractor	  

Results	  

ID	   Doc	   eVal	  

1	   gene13.hmout	   5	  

2	   gene27.hmout	   6	  

n	   geneN.hmout	   v	  

…	  
T	   eVal	  

2.1	  

2.7	  

1.3	  

…	  

Input	  
relaIon	  

Output	  
relaIon	  

Operator	  



Data	  Extractor	  component	  

• How	  to	  extract	  data	  using	  a	  framework	  that	  
supports	  different	  formats	  (e.g.	  binary,	  Fasta,	  HDF5,	  
etc.)	  ?	  
• Data	  extractor	  component	  (algebra	  based)	  
o Invokes	  an	  external	  program	  (defined)	  by	  scien4sts	  that	  
analyzes	  produced	  data	  files	  and	  extracts	  domain-‐
specific	  data	  from	  it	  

o Programs	  encapsulate	  domain-‐specific	  extrac4on	  rules	  
o Workflow	  engine	  provides	  run4me	  provenance	  data	  
o Algebraic	  rela4ons	  link	  domain	  data	  to	  provenance	  data	  
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Using	  Data	  Extractor	  in	  SciCumulus	  

k file e-‐value score fasta_ID fasta_description taxonomy is_valid

1 gene13.hmmout 3e-‐251 838.3 16751882
2

6-‐phosphogluconate	  
dehydrogenase

Monosiga
brevicollis

True

k file

1 gene13.hmmin

<SciCumulus> 
  <database name="scicumulus" server="mp4-5b.dyndns.info" port="5432"/> 
  <SciCumulusWorkflow tag="SciEvol" description="MER" exectag="scievol" expdir="/scievol/"> 
    <SciCumulusActivity tag="MSA" activation="./experiment.cmd" extractor="./extract_msa.cmd" > 
      <Relation reltype="Input" name="rel_in_1" filename="input_step_1.txt"/> 
      <Relation reltype="Output" name="rel_out_1" filename="output_step_1.txt"/> 
      <File filename="experiment.cmd" instrumented="true"/> 
    </SciCumulusActivity> 
  </SciCumulusWorkflow> 
</SciCumulus> 

 k file

1 gene13.hmmout

./experiment.cmd ./extract_msa.cmd
Tp1 Tp2

./extract_msa.cmd
Provenance	  Repository

Tp3

a b

c

15	  



Experimental	  evalua4on	  setup	  

• Executed	  in	  Amazon	  EC2	  environment	  
• 128	  micro-‐size	  VMs	  in	  the	  virtual	  cluster	  
• Two	  separate	  execu4ons	  of	  SciHmm	  were	  
performed	  
o SciHmm	  without	  inser4ng	  DE	  in	  the	  workflow	  	  
o SciHmm	  with	  DE,	  which	  analyzes	  the	  produced	  set	  of	  
data	  and	  extracts	  domain-‐specific	  informa4on	  	  

• Overhead	  analysis	  
• Explora4on	  of	  poten4als	  queries	  
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Experimental	  evalua4on	  
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Run-‐Time	  Query	  #1	  using	  domain	  data	  
• Which	  sequences	  in	  available	  hits	  do	  not	  belong	  to	  a	  specific	  
gene	  (given	  as	  parameter	  by	  scien4sts)	  	  
	  
SELECT	  S.NCBI_Ref_Sequence	  
	  	  
FROM	  Task	  T,	  Hits	  H,	  MSA_CONVERTED	  M2,	  MSA	  M1,	  	  	  	   	  

	   	   	  SEQUENCE_GROUP	  SG,	  SEQUENCE	  S,	  	  
	   	   	  ORGANISM	  O,	  SPECIE	  SP,	  GENUS	  G	  	  

	  
WHERE	  T.taskid	  =	  H.taskid	  AND	  H.msacid	  =	  M2.msacid	  	  
AND	  M2.msaid	  =	  M1.msaid	  AND	  M1.sgid	  =	  SG.sgid	  	  
AND	  SG.sqid	  =	  S.sqid	  AND	  S.orgid	  =	  O.orgid	  	  
AND	  O.spid	  =	  SP.spid	  and	  SP.genid	  =	  G.genid	  	  
AND	  T.exitStatus	  =	  0	  /*	  No	  error	  */	  	  
AND	  G.genus	  =	  “PLASMODIUM”	  	  
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Run-‐Time	  Query	  #2	  using	  domain	  data	  
• How	  many	  sequences	  from	  input	  data	  are	  annotated	  as	  
puta4ve	  and	  hypothe4cal	  that	  denote	  that	  sequences	  
are	  not	  annotated	  as	  “true	  genes”	  
o SELECT	  COUNT(*)	  
FROM	  Task	  T,	  Hits	  H,	  MSA_CONVERTED	  M2,	  MSA	  M1,	  
SEQUENCE_GROUP	  SG,	  SEQUENCE	  S	  	  
WHERE	  T.taskid	  =	  H.taskid	  AND	  H.msacid	  =	  M2.msacid	  	  
AND	  M2.msaid	  =	  M1.msaid	  AND	  M1.sgid	  =	  SG.sgid	  	  
AND	  SG.sqid	  =	  S.sqid	  AND	  T.status	  =	  “FINISHED”	  	  
AND	  T.exitStatus	  =	  0	  /*	  No	  error	  */	  	  
AND	  (S.NCBI_Ref_Sequence	  LIKE	  “%PUTATIVE%”	  OR	  
S.NCBI_Ref_Sequence	  LIKE	  “%HYPOTHETICAL%”	  OR	  
S.NCBI_Ref_Sequence	  LIKE	  “%SIMILAR%”)	  
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Conclusions	  
•  This	  paper	  proposes	  an	  approach	  for	  extrac4ng	  domain-‐
specific	  data	  from	  produced	  data	  files	  and	  storing	  them	  along	  
with	  provenance	  data	  
•  It	  can	  be	  used	  as	  a	  basis	  for	  steering	  mechanisms	  
•  One	  of	  the	  advantages	  of	  our	  solu4on	  is	  modeling	  domain-‐
specific	  data	  in	  the	  same	  formalism	  of	  the	  workflow	  algebra	  	  
•  The	  approach	  presents	  small	  run4me	  overhead	  and	  allows	  
for	  building	  complex	  steering	  mechanisms	  based	  on	  enriched	  
provenance	  data	  with	  domain-‐specific	  data	  
	  
•  As	  future	  work,	  we	  intend	  to	  adopt	  current	  efforts	  in	  
simplifying	  SQL	  query	  interface	  to	  users	  such	  as	  in	  	  
	  Jagadish	  et	  al.	  (SIGMOD'07)	  e	  Gadelha	  et	  al.	  (TaPP'11)	  
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OPM	  compliancy	  

• The	  workflow	  engine	  generates	  the	  OPM	  
wasGeneratedBy	  between	  the	  ac4vity	  and	  data	  file	  
and	  the	  domain	  contents	  

MSA

MSA

MdPh Tree

Fasta

Phylip Phylip Phylip

SC

used used used

used

wasGeneratedBy

wasGeneratedBy

wasGeneratedBy wasGeneratedBy

wasDerivedFromwasDerivedFrom wasDerivedFrom

wasComplementOfwasComplementOf wasComplementOf

Provenance	  Repository	  
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Related	  work	  
•  Provenance	  enriched	  with	  domain	  specific	  data	  

o  Karma	  (2006)	  –	  framework	  for	  collec4ng	  provenance	  with	  domain	  
specific	  data	  in	  heterogeneous	  environment	  

o  Provenir	  (2009)	  –	  upper	  level	  ontology	  for	  provenance	  
representa4on	  

o  Janus	  (2010)	  –	  extension	  of	  Provenir	  for	  modeling	  domain	  specific	  
data	  

•  Support	  for	  complex	  queries	  
o  Anad	  et	  al	  (2009)	  –	  support	  for	  domain	  specific	  queries	  in	  nested	  
collec4ons	  

o  Gadelha	  et	  al	  (2011)	  –	  query	  interface	  for	  building	  SQL	  queries	  for	  
Swiv	  

•  None	  of	  approaches	  support	  steering	  queries	  mixing	  run4me-‐
provenance	  with	  domain-‐specific	  data	  
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