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Bioinformatics analysis
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Take Home Message

Compared to 15 years ago...

4

The number and diversity of the sources
has increased a lot

The complexity of the pipelines to be
designed has increased a lot

—> increasing difficulties to reproduce
experiments!

Studies demonstrated low reproducibility
of several major scientific results...

Huge impacts (paper retractions,
preclinical studies...)

Having access to reproducible results also % o1 o2 o3 0¢ o5 06 07 08 06

help assessing data quality

Retractions 180
On the Rise

A study of the PubMed
databasze found that the
number of articles retracted
from scientific journals
increazed substantially
between 2000 and 2009.
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Outline

» Context

» Scientific worktlows, Provenance...
> Scientific workflow reuse
> (Re)designing workflows

» ... and beyond
> NoteBooks Newer

—

> Virtual machines (ongoing work)

» Conclusions
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Scientific Workflow (Management System)

» Experiments
> “Data analysis pipeline”
> Chained tools (modules)
> Graph structure
> Data flow driven

» SWFS manage
> Workflow design (GUI)
> Scheduling

> Logging (provenance)
- Recursive history of the data
o Recoverys, ...

» Several systems

- Taverna, Kepler, OpenAlea,
Vistrails, Galaxy...

> Workflows are born to be reused!

Phylogenetic workflow from Taverna
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Scientific Workflow Repositories

——

' t
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crowd Iy

- Upload & annotate scientific workflows
- Search, download & use existing workflows
. Today repositories contain several thousand workflows
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Study on workflow reuse

[SSDBM 2010] With Ulf Leser &
Johannes Starlinger

» Based on 1,700 Taverna workflows (myExperiment)

> 36% of elements are re-used
 connect workflows quite densely

> True cross-author re-use is low: 3%

200
> Re-use rates have a Zipf-like

150 distribution
 Using information about types of
100 processors

« Local : High re-use rates as-is

« Web-Service : Authors have favorite
services, unshared

50

Distinct modules
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: ?
How to improve reuse! Make

Help finding
similar
workflows

worktlow
structures

164

Plumbing workflows GOFF
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How to improve reuse?

2 projects Make
Help finding |>7Z00OM workflow
. . - DistillFlow
similar structures
workflows less complex!
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ZOOM: Using Composite modules

Modules Joe

considers relevant .

| Split

entries

M2
M8
annotations
Modlfy M5
a“gnment
M4
alignment
............................................................ Mlo
........................................... M6
...................................... Y FunCtlonal
data

M9

Each composite module takes the meaning of the
relevant module it contains

_L
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Impact on provenance overload

M2 7
~ Composition simplifies
M) M7/»© provenance!
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Grouping may be error-prone!

Grouping should preserve the relationships between relevant

modules M2
Annotations M8
| Checking \$ Format
annotations
Modlfy M5
/ alignment
@:::IIII: .... entries Run g Format |} |
....................................... S e glignment | - ISR
.......................................................................... M6 .
The annotation e ,| Functional
. data
checking module
does not need @ .............. “M11
input fromthe run e T
. S MO |- @
alignment module!
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Z O O M* U se rVi ews With S. Davidson, S. Khanna,

UPenn
» Results [ICDE 08]

- Formalization of the set of properties to be preserved

* Property 1: Given Gw and R € N relevant modules, U is well-formed iff every composite
module in U contains at most one element of R.

 Property 2: A user view U preserves dataflow iff every edge in Gw that induces an edge
on an nr-path from C(r) to C(r’) in U(Gw) lies on an nr-path r to r’ in Gw.

- Property 3: A user view U is complete w.r.t dataflow iff for every edge e on an nr-path
from r to r’ in Gw that induces an edge e’ in U(Gw), e’ lies on an nr-path from C(r) to
C(r).

o Theorem: ZOOM is a polynomial-time which preserves Properties 1- 3
and produces a minimal user view

» Implementation of ZOOM
> Taverna, BercleyDB/Oracle [VLDB 07 (demo)]
> Used within the 15t Provenance Challenge [ CCPE Journ. 07]

» Numerous reuses of ZOOM
o 200+ citations
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DistillFlow: removing redundancy

With Ch.
Froidevaux, C.

» Collaboration with Taverna & BioVel  Goble, P. Missier,

» BioVel (FP7) éhV;’lilHiams, J.

(=
59) A% Virtual laboratory: Librairies of workflows

£ [ | | forresearch on biodiversity
Q7 | Consortium of 15 partners (9 countries)

BioVel

> Understanding reuse based on BioVel workflows
~>More generally: improving reuse in Taverna

Distilling workflow structures: Removing redundancy
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Example of use case

Same input

Equivalent

3 processors duplicated!
-~ Pure redundancy

No redundancy

Other use cases have been considered
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Rewriting workflows

» Exploiting the implicit iteration feature of Taverna
» Assumptions before merging copies of a processor
- exact same code, do not depend on each other, deterministic processors

- Anti-patterns and the corresponding rewritings
(concept from the software engineering community)
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by | b |by| by b . [b, b, bi] - by & & - & & o - &
I E— — l Ky YN v Y 1 1
7 v ¥ 7 7 v L L
o 0 ©0 O O o 91-0, 0.0, 0,0 1 Ml b s
rtimes rtimes r times 1 r
L 3?7% bl J [
N EN a w2
=) :
o ] b, .  b| . |b,
| BMC Bioinformatics 2014] 0, 0 0,
With Carole Goble, Paolo Missier, Jiugiang Chen i o, oi/Noi ot /N
. . e . 1/ Y\ ¥ i
(PhD student co-supervised), Christine Froidevaux ’ ’
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run_output

output_out Status | output_visual |V output_ids |

run_blastn

c2
aphicFormat H getResult_IDListFormat |

e5 e6 f6 ﬂ output_out_2 || output_ids_2 |
\ F —

Status_2 output_visual 2

g6 | getﬁesultiorlgla\Furmatj | | getResu\tiLlstFarmatJ L&l getResult_graphicFormat_2 |e3

v el
| getResult_2 |f1 | getResult_[Dlist_2 |f2

\

| getResult_graphic_output ” KEGG_Pathways_and_Additional_Information |) | getResult_output_2 ‘gl | getResult_IDList_output_2 |g2

' Workflow input ports .

: A o °
----- yoo Given the semantics of Taverna

| dna2 || unirefa0 || blastx || Fasta_file_parser || em_rel_std_pra ” blastn |
processors, rewritings are safe

bi-b2 [SSDBM 2014] (Demo)

output_ids_2 || output_out_2 H output_visual_2 || Split || output_out || output_visual H output_ids

v
Status I —d2

el'e2‘63| getResult_originalFarmat_2 | | getResult_IDListFormat |e4_e5_e6
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_

Split_3 \ WEGG_Pathways_and_Additional_Information |

! Worldlow outputoils

getStatus_status,_blasty || getStatus_output_status_blastn || getResult_original_output_blastx H getResult_graphic_output_blasts H getResult_output_blasts || getResult_original_output_blastn || getResult_graphic_output_output_blastn || getResult_2_output_output_blastn || GO_output H Gl_out |V :




Outline

o

o

» ...and beyond -
- NoteBooks

o Virtual machines Ongoing work

» Conclusions -
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NoteBooks and Workflows

» NoteBook
o Web-based interactive With Ch. Pradal, Ch. Fournier, P. Valduriez
computational environment PU Notebook
> Combination of code S R ;
execution and rich media .
into a Single dO cument OpenAlea: Scientific workflows meet modeling and simulation
» Coupling scientific 2 el
Wor ﬂOWS & nOtebOOkS Simulation of the growth of a crop
o NOtebOOkS to document In [3]: :E:::? 1m§:.ade1.tu:onals.ssdbm'
workflows

o VisTrails, Taverna, Galaxy

e,
» OpenAlea ®

- Scientific workflow system

Workflow executions saved into notebooks
o Actors of the workflow = cells in the notebook
- Data produced and used (execution) can be visualized
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Virtual machines

» VM capture the programming environment

» Docker #docker
» ReproZip (NewYork University)

» Can be used to capture the workflow system

environment
S 2

» Toward Liquid VM ? — — — ==
o Defrost your VM !&g [ ey ] [ H H ]
- Update packages
as much as possible
(stop when it does

not work anymore) With Ch. Pradal, D. Shasha, P. Valduriez
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LiquidvM

Ongoing work




Conclusion

» Too many scientific results are not reproducible

» Mature solutions exist and are able to solve a large number of
cases, now need to combine them (several communities)

» Same problematics in other domains (e.g., astronomy... and
even computer science!)

» Several Initiatives: Force 11, FORCE
Data and Software Carpentry The Future of Research Communications and e-Scholarship
a®
> %T elixir Please contact me
paTacameENTRY  Olchrpentry 2 cohen@lri.fr
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Workflow reuse and workflow similarity
with U. Humboldt, Berlin
(U. Leser, J. Starlinger)

Workflow refactoring

Ch. Froidevaux, J. Chen

with U. Manchester (Taverna group,
C. Goble)

Reducing workflow complexity (ZOOM)
with Univ. Pennsylvania
(S. Davidson, S. Khanna)

OpenAlea development group

& Notebooks (Ch. Pradal, Ch.

Fournier)

with P. Valduriez (Inria) & P.

Neveu (INRA)

with D. Shasha (NYU/Inria)
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