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Benefits Of Research Objects

A research object aggregates all elements
that are necessary to understand research
Investigations.

Methods (experiments) are viewed as first
class citizens

Promote reuse

Enable the verification of reproducibility of
the results
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Many landrmark findings in preclinical cacology h are not reproducible, in part b of iladequate cell lines andanimal models.

Raise standards for
preclinical cancer research

C. Glenn Begley and Lee M. Ellis propose how methods, publications and
incentives must change if patients are to benefit.

characterize the genetic alterations ratecompared with other therapeutic areas. translating discovery research Into gre

In human cancers have Jed to a better Given the high unmet need In oncology, it clinical successand tmpact.
understanding of molecular drivers of this 1s understandable that barriers to clinikal Many factors are responsible for the h
complex set of diseases. Although we In the development may be lower than for other fatlure rate, notwithstanding the inh
cancer fleld hoped that this would lead to disease areas, and a larger number of drugs ently difficult nature of this disease. C
more effective drugs, historically, our ability with suboptimal preclinical validation will tainly, the limitations of preclinical to
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Effon: over the past decade to trials In oncology have the highest fatlure Investigators must reassess their approacl

47 of 53
“landmark”
publications
could not be
replicated

Inadequate cell lines
and animal models

Nature, 483, 2012

Credit to Carole Goble JCDL 2012 Ke7ynote
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Research ObJECt as an ORE
Aggregation

describes aggregates
ResourceMap > Aggregation > AggregatedResource
1 1 1
Manifest ResearchObject Resource
legend
RO ORE
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« Data driven analysis pipelines

« Systematic gathering of data and

/ e
B, AR analysis tools into computational
( Lo o o e solutions for scientific problem-solving

4
| get_genes_by_enzyme |

Flatten_List_2

| Remove_String_Duplicates |

I Flatten_List_4 |

« Tools for automating frequently
performed data intensive activities

=3/ Provenance for the resulting datasets

| Fiatten_List 7 || Fiatten_List 5 |

| geuathway’s_by_qenes | Flaﬂan*_Lisi_B || Flmten*l.ist 6 | _ The methOd fOI Iowed
\-
Bt — The resources used

~~a
Lamsrentiz| _ The datasets used

| keggGeneNames ” KeggPathwayIDs || enzyme_list || genes_list || keggimageurl ” coloured_images |v 10




. WF Description
..... - i-—-T.-1-.. Prospective Provenance:
Intended method for analysis

Workflow89

' Worlfflow inputfports

gz e | | (e [part | A

WF Execution Trace
Retrospective Provenance:
Actual data used, actual
invocations, timestamps and data

rgm%ﬁvation trace

4 L\/—/ bW
| get_genes_by_enzyme |

. Workfloy output ports |

/ qut_enzymes_by_gene |

http://taverna.org.45u634y

| Fiatien_List 4 || Fiatien_List 3

color_pathway_by_objects

L
{ http://taverna.org..53hf75j5g

hessi_flare.date_start,/2004-01-12T00:48:02;
hessi_flare.date_end,2004-01-11T23:18:02/

PROV Primer, Gil et al




Spécifying Workflows using WfDESC

Plan
hasDatalLink
Datalink <> Workflow K>/
| hasSink hasSubProcess
hasSource
Input hasInput
Process
3
Output hasOutput
Parameter

legend

WEFDESC PROV
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used
Z} WorkflowRun [«
usedInput
wasPantOfWorkflowRun
\/
Artifact ProcessRun wasEnactedBy
v

WorkflowEngine

N wasOutputFrom N/

Entit Activit
y VA y \
wasGeneratedBy SoftwareAgent
legend

WFPROV

PROV

SpeCifying Workflow Provenance using
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Portfolio of Research Object Tools

myExperiment
* Focuson scientists
* Online platform
* Workflow-centric
experiment + Existing user community
* Incremental added value

» Basic support for RO
management

» Focuson developers

* Command-line tool

°@®

RO
management

N~ t O O I S + Holistic approach to content

preservation

* Focuson scientists,
librarians, others

* Online platform

*» Researchassets

* Non workflow-specific

14
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Overwhelming for users who are not
the developers

Abstractions required for reporting
Lineage queries result in very long

traile
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Workflow |
Designer =i

aaaaaaaaaaa

Taverna
Workbench

WF Description

>

WF Summary

<€

Sunfmarizer

Summarization
Rules

Motif

17



Motifs

 Domain Independent
categorization
— Data-Oriented Nature
— Resource/Implementation-
Oriented Nature

Captured In a lightweight
OWL Ontology

http://purl.org/net/wf-motifs

BuildHFCQuery

I SearchRadius ” EndTime || StartTime |A I from4 “ from3 ” from2 ” from1 l

Data P
Input /

Ve

Data C
Filter
Join

\

Thing |
Motif -
DataMotir
ConfigParameter
DataReference
Datavalue

ExecutionReport
OperationMotif
DataCleaning
DataMinting
DataAnalysis
DataRetrieval
DataVisualization
DataMovement
DataOrganization
Flltering
Grouping
Joining
Sorting
DataPreparation
FormatTransformation
InputAugmentation
Merging
OutputExtraction
Splitting
WorkflowMotif
InterWorkflowMotif
AtomicWorkflow
Compositeworkflow
WorkflowOverioading
IntraworkflowMotif
AsynchronousInvocation
ComputationalStep
HumanInteraction
InternalMacro
SynchronousInvocaton



Motif annotations over operations

bg_color_list, fg_color_list, object_id_list, pathway_id,
el .

DataRetrieval

bg_color_ist | fg_color_ist | object_id_list | pathway_id
color_pathway_by_objects
return

—_— Y return,
base url A ~ o e3 p->p
Get_Image_From_URL 2 ' TTTeS
I A
DataMoving| meee /
atalvioving - : / base,, url,,,
/
P /
r/E;;J\jr’ﬁEEJQI‘j -
/ Get_Image_From_URL_2
/
/ v
I/ image,
| /
v v
keggimageurl coloured_images,,,

motifs(color pathway by objects) = {ml:DataRetrieval}
motifs(Get Image From URL 2) = {m2:DataMoving} 19



PART-2: Workflow reduction primitives

» Collapse (Up/Down)
« Compose
* Eliminate



Eliminate
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~ Two sample strategies

* By-Elimination
— Minimal annotation effort

— Single rule I = path pin W

where p = opa
and motif(opa) contains < ml : DataPreparation >,
then eliminate_op(W, op )

» By Collapse
— More specific annotation

— Multiple rules If 3 path p in W
where p = opa
and motif(opa) contains < ml : Augmentation >,
then collapse_op_downstream(W, op )

If 3 path pin W

where p = opa

and motif(opy) contains < ml: Merging >,
then collapse_op_upstream (W, op 4)




' Workflow input ports

gs || Species || bg_color || 1g_color | 4

.............

T ASPRSERTE CERNRRS NN N : By-COIIaQSG




———— e

lon

t

IMmina

By-El

—————————

M e e ————

Workflow input ports

output ports

Workflow89

Workflow

AW
L



Analysis Data Set

* 30 Workflows from the Taverna system

» Entire dataset & queries accessible from
http://www.myexperiment.org/packs/467.html

* Manual Annotation using Motif Vocabulary
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Mebcyhanistic Effect of Summarization

By-Elm. | By-Col.
Avg. Decrease in (Process- 68% 63%
Wise)# of Operations
Avg. Decrease in # of Links 31% 37%
(Process-Wise)
Avg. Decrease i Workflow 62% 57%
Depth (Process-Wise)
Avg. Decrease in Workflow 33% 57%
Depth (Data-Wise)

26
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\& User Summaries vs. Summary Graphs

Taverna 2

Original
Uploader

ald
Jannetta

"Find pathways in which all the genes in the list are involved. For each

|m ||s,m E=m=1a pathway draw the pathway diagram. Color all enzyme boxes with colors

specified. This workflow still has one problem. The Tist of colors have to be
specified. | would like ideally to only except one background and one
foreground color and expand that to a list with length equivalent to the number

of enzymes found - just duplicating the specified colors.”

Species gene_ids

fg_color| |bg_color

¥ 1
| KeggPathwayIDs| | keggGeneNames|<

2
enzvme_list| |keggimageur|| coloured_images m

By-Elm. | By-Elm. | By-Col. | By-Col.

Precision Recall Precision Recall
Process-Wise 0.74 0.92 0.65 0.93
Data Wise 0.14 0.55 0.33 0.43




B AEver
Highlights
« Research Object model and associated
management tools
* Annotations of Workflow Using Motifs

* Methods for Summarizing Workflow and distilling
their provenance traces

 Algorithms for Repairing Workflows
Ongoing Work
e Validation of the workflow summarization

* Querying of Workflow Execution Provenance
using summaries.
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