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Background and Motivation

» Script-based experiments

-v HOH pccel4d5a.pdb

HOH pcceld5a.pdb = water.pdb

psfgen

topology .

ENDMOL

/toppar/top all22 prot.rtf

pdbalias atom ILE CD1 CD
segment GH45 {
pdb protein.pdb

}

patch GLUP
patch GLUP
patch GLUP
patch ASPP
patch DISU
patch DISU
patch DISU
patch DISU
patch DISU
regenerate

GH45:124
GH45:146
GH45:169
GH45:121
GH45:165 GH45:179
GH45:61 GH45:33
GH45:28 (GH45:123
GH45:149 GH45:64
GH45:183 GH45:94
angles dihedrals

coordpdb protein.pdb GH45

pdbalias residue HOH TIP3
pdbalias atom HOH 0 OH2
segment H20 {

auto none

pdb water.pdb}
coordpdb water.pdb H20

guesscoord

Example of script code.

protein.pdb

What are the inputs
and outputs?

How to change this
local program for a
similar web service?

Difficult to
understand, to reuse,
and to reproduce.
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Related Work

» Script-language specific.

» \Workflow-engine specific.

* A new language Is needed.

* Outcome Is not an executable workflow.

* Do not collect provenance data of the
conversion process.

10



Two Kind of Experts

@ Scientists

- Domain experts who understand the experiment, and
the script (sometimes called user);

8 Curators:

- Scientists who are also familiar with workflow and
Script programming ofr;

- Computer scientists who are familiar enough with the
domain to be able to implement our methodology;

- Responsible for authoring, documenting and
publishing workflows and associated resources.

11



Reguirements

€D Produce workflow-like view of the script.

©) Create an executable workflow and compare
execution of workflow and script.

¢ Modify the workflow resources.

orovenance data.

@) Aggregate all resources to support
Reproducibility and Reuse.

12



Requirements

€D Produce workflow-like view of the script.

X

|

Script-based experiment.

TN

Act|V|ty 1

Port 1 Port 2

N v —
Activity 2

v

Port 3

\

Activity n

v

Port n

Abstract workflow.
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Requirements

©) Create executable workflow and compare
execution of workflow and script.

o
e
-
"
e e
ﬂ""r |{FORTRAN
] - r. — TRAN
| e s

Executable workflow. Script-based experiment.
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Requirements

<€) Modify the workflow resources.

(b)

Algorithm A - Algorithm B
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Reguirements

€ Record provenance data

wasAssociatedWith

B ¢

used

“2012-06-01"
wasStartedAt
Activity 1

wasGeneratedBy wasGeneratedBy
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Reguirements

@) Aggregate all resources to support

Reproducibility and Reuse.
2o @

Authors

Annotations

actedOnBehalfOf
wasAssociatedWith
Activity
i endedAtTime
2 was ey 5

’w;:‘—‘ " o A e S s e T TS

- .‘ ; %
= - it

. -

Papers and

Abstract.
Reports

Concrete
workflows workflows
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Methodology

Create an
executable workflow

I

Generate Abstract |

Workflow \
AR

/l:> bstract
\ workflow

Bundle Resources into

@ a Research Object

(3
=\)Reﬁ ne workflow

@Anno}c'ate and
check quality

18



Workflow Research Object (WRO)

 Research Objects are
semantically rich

aggregations of resources
that bring together data,
methods and people Iin
scientific investigations.

 WROs encapsulate scientific
workflows and additional
iInformation regarding their
context and resources.

Research Object Model

19



Running Example

* Molecular Dynamics Simulations

Many branches of material sciences, computational
engineering, physics and chemistry.

Scripts (shell script), programs (NAMD, VMD, Fortran)
Phases: set up, simulation and analysis of trajectories.

Inputs: protein structure, simulation parameters and
force field files.

!'_L o,
o

Output: trajectories and analysis results.

eScience
UNICAMP




20
21
22
23
24

25
26

Step @

Generate Abstract Workflow

structure = $directory_path"/structure.pdb"
protein = $directory_path"/protein.pdb"
water = $directory path"/water.pdb"

bglc = Sdirectory path"/bglc.pdb”

egrep —v ’(TIP3|BGLC)’ $structure > Sprotein

grep TIP3 $structure
grep BGLC $structure

Script code.

Swater
$hglc

~
-
~
-

21



20
21
22
23
24

25
26

structure = $directory_path"/structure.pdb”
protein = $directory_path"/protein.pdb"
water = $directory path"/water.pdb"

bglc = Sdirectory path"/bglc.pdb”

egrep —v ’(TIP3|BGLC)’ $structure > Sprotein

grep TIP3 $structure
grep BGLC $structure

Script code.

> $water
> Shglc

Step @

Generate Abstract Workflow

Manually
annotate

7~ T

14
15
16
17
18
19
20
21
22
23
24
25
26
27

# @BEGIN spl

# @IN initial structure @QURI file:structure.pdb

# @IN direct

it

ory path @AS directory

# @OUT protein pdb Q@URI file:{directory}/protein.pdb

# @OUT bglc_pdb @URI file:{directory}/bglc.pdb
# @OUT water pdb G@URI file:{directory}/water.pdb

structure =
protein = $d
water = $dir
bglc = S$dire

egrep —v '(TIP3|BGLC)’ $structure > $protein

grep TIP3 $s
grep BGLC $s
# Q@END split

$directory path"/structure.pdb”
irectory_path"/protein.pdb"
ectory_path"/water.pdb"”
ctory_path"/bglc.pdb"

tructure > $water
tructure > $bhglc

Annotated script code.

22



Step @

Generate Abstract Workflow

14 # @BEGIN split
15 # @IN initial structure @QURI file:structure.pdb
Manua”y 16 # @IN directory path @AS directory

annotate |7 # @OUT protein pdb @URI file:{directory}/protein.pdb
I8 # @OUT bglc_pdb @URI file:{directory}/bglc.pdb
. //\ 19 # @OUT water pdb G@URI file:{directory}/water.pdb
20 structure = $directory_path"/structure.pdb” 2 20 structure = $directory_path"/structure.pdb"
21 protein = $directory_path"/protein.pdb" 21 protein = $directory_path"/protein.pdb"
22 water :_Sdlrectory_path"/water.pdb” 22 water = $directory_path"/water.pdbh"
23 bglc = Sdirectory_path”/bglc.pdb” 23 bglc = $directory_path"/bglc.pdb”
24 egrep —v ’(TIP3|BGLC)’ $structure > Sprotein 24 egrep —v ’'(TIP3|BGLC)’ $structure > $protein
25 grep TIP3 $structure > S$water 25 grep TIP3 $structure > $water
26 grep BGLC $structure > ‘bbglc 26 grep BGLC $structure > ‘bbglc
Script code. 27 # @END split
Annotated script code.
Create
workflow-like
view
setup
water pdb
. whbox_psf
initial_structure | | sp1it bgic_pdb hyd psf | soivate [— o gh5_ps
rotein_pdb "ﬁ-——_pdb’ whox pdb 11, onize
T
psfgen y | gh5_pdb
topology_prot O

O_—_—_____—___ :UHU:U&I_UHI b
O——/// Abstract workflow.



Step @

Generate Abstract Workflow

YesWorkflow |4 # @BEGIN split - —— code blocks

o |5 # @IN initial structure QURI file:structure.pdb
McPhillips et. al, 2015 15 # @IN directory path @AS directory

|7 # @OUT protein pdb @URI file:{directory}/protg
|8 # @OUT bglc_ pdb @URI file:{directory}/bglc

G| |nput/ouput

- Code comments 19 # @OUT water pdb QURI file:{directory}/y#ter.pdb
] 20 structure = $directory path"/structurgs

- Tags. 21 protein = $directory_path"/protei

* @begin 22 water = $directory_path"/water

o @end 23 bglc = $directory path'/bgl b"

24 egrep —v ’(TIP3|BGLC)’ $ ucture > $protein
o @deSC 25 grep TIP3 $structure gFfdwater
. @|n 26 grep BGLC $struct > $bglc
27 # Q@END split

s @out P |

. Annotated script code. Create
T. McPhillips et al. (2015), “Yesworkflow: A user-oriented, language- WOfkflOW-llke
independent tool for recovering workflow information from scripts,” VieW
International Journal of Digital Curation, vol. 10, no. 1, pp. 298-313, 2015. <

setup
water_pdb
initial_structure || sp1it bglc_pdb hyd pst ol sorvare —aeoX Pt gh5_ps
| protein pdb ™ d pcb whox pdb " ; onize [
T >
psfgen yd_pd ionize [T gh5 pdb
topology_prot — ¥ 0O
O—_‘—/ :upu:usr_uul b

O Abstract workflow.



initial_structure

Step @

Generate Abstract Workflow

|4 |# @BEGIN split
|5 |# @IN initial structure @QURI file:structure.pdb
|6 |# @IN directory path G@AS directory
|7 |# @OUT protein pdb @URI file:{directory}/protein.pdb
|8 |# @OUT bglc_pdb G@URI file:{directory}/bglc.pdb
19 e ras
20 structure = $directory path"/structure.pdb"”
21 protein = $directory_path"/protein.pdb"
22 water = Sdirectory_path"/water.pdb"
23 bglc = $directory path"/bglc.pdb"
24 egrep —v ’(TIP3|BGLC)’ S$structure > $protein
25 grep TIP3 $structure > $water
26 grep BGLC $structure > $bglc
27 [# @END split
Annotated script code. Create
Workflow-like
< view
setup
water_pdb
bglc_pdb hyd_pst whox_psi h5_ps
T hox odn ™ |9 PS 0O
: /__H solvate whox_pdb . . B gho_p
protein_pdb hyd_pdb ——— | ionize gh5_pdb
0O

topology_prot

'y 1 |
I.UFUI UHJ' W=t RS

Abstract workflow.

25



Create an executable workflow

Step @

setup

water_pdb
initial_structure || sp1it bglc_pdb /Eﬁgﬂ_. dene —WEM%,_ gh5_psf
rotein_pdb e foen hyd_pdb EHE-EEEELA, ionize [ | gh5_pdb
topology_prot Pstg B @)
O———  Lopotegy—catb
Abstract workflow.

o—/”’:’//

26



Step @

Create an executable workflow

setup

water_pdb
b |
initial_structure || split bglc_pdb /Ey‘?it__}g_sj_' solvate —::b_o%(%“ ghS_pst
rotein_pdb e foen hyd_pdb ——— — " | ionize : gh5_pdb
topology_prot Pstg B @)
O———  Lopotegy—catb
Abstract workflow.

c}/’r///

Workflow input ports

|initia|_structure| |topology_prot||topo|ogy_carb||topo|ogy_pca| A

split

——

Al
solvate
A

|constrai nts_definitionl

Executable workflow.

[

Create implementation

of activities ]

Copy code blocks from
the script.

27



Step @

Create an executable workflow

setup

initial_structure |y sP1it

O__—————_—_———__l-..-l-..... el
UHU'U&I_U“' | >

o

Workflow input ports

|initia|_structure| |topology_prot||topo|ogy_carb||topo|ogy_pca| A

split

——

Al
solvate

|constrai nts_definitionl

Executable workflow.

water_pdb
bglc_pdb  hydpsl fsorvate —BXPE gh’_psf
rotein_pdb Faen hyd pdb % ionize : gh5_pdb
topology_prot pstd B )
Abstract workflow.

[

Create implementation

of activities ]

Copy code blocks from
the script.

28



Step @

Create an executable workflow

setup

initial_structure

O__———————_——__4-..-|-..., g

Workflow input ports

hyd_pst solvate —‘Jﬂggiéﬁi“.. ghS_psf
/—-“"" whbox_pdb . |
hyd_pdb ——— — " | ionize gh5_pdb
T 5
Abstract workflow.

initial_structure| |topology_prot||topo|ogy_carb||topo|ogy_pca| A

Al
solvate

A
ionize
W

constraints_definitionl

Executable workflow.

14
15
16
17
18
19
20

21

2
23
24
25
26

27

Create implementation

of activities

# @BEGIN| split
# @IN initial structure QURI file:structure.pdb

# Q@IN directory path @AS directory

# @OUT protein pdb @URI file:{directory}/protein.pdb

# @OUT bglc_pdb @URI file:{directory}/bglc.pdb

# @OUT water pdb G@URI file:{directory}/water.pdb

structure = $directory_path"/structure.pdb”
protein = $directory_path"/protein.pdb"
water = $directory path"/water.pdb"

bglc = Sdirectory_path"/bglc.pdb"

egrep —v ’'(TIP3|BGLC)’ S$structure > $protein

grep TIP3 $structure > $water
grep BGLC $structure > $bglc

# QEND split Script code.

29



Step e

Refine executable workflow

Workflow input ports

initial_structure| | topology_prot | | topology_carb | [ topology_pca A

split

p?‘ Modify resources:
w » Algorithms

solvate  Data Sets

. « Parallelization
* Web Services

W . ..

constraints_definition

Executable workflow.
New workflow version.



Step e

Refine executable workflow

topology pca
reate new
[ version
o >
Wdr’kﬂb% output ports
Worktic inpub poris 11T ,
: : - | pdbFlatFile| N/ -
-J|initial_structuref|topology_prot || topology_carb || topology_pca A: Ccoooocd \ _________ Z
N \ .................................... : =
R T T split
W : w
Ssgen Modify resources: bsgen
W * Algorithms W
solvate « Data Sets solvate
) « Parallelization v
* Web Services ——
W .
constraints_definition ] *

constraints_definition
Wo'r'k'ﬂb'w oythut ports N : T N
: Workflow oytput ports I
final_structure_1| |final_structure_2| §/ ;
e : - [final_structure_1| |final_structure_2 VZ

Executable workflow.
New workflow version.



Steps@ @

Record provenance data: execution traces.

wasAssociatedWit

“2012-06-01"

m /VtasStartedAt
wasGenerated BmsGeneratedBy

V\used

has

Specification psgen

Workflow input ports

initial_structure| | topology_prot | [ topology_carb | | topology_pca A

e &\‘\\ .................................... .

split

W

g W

solvate

constraints_definition

L
\/ wasEnactedBy

W3C PROV

Executable workflow.

32



Steps@ @

Record provenance data: conversion process.

14
15
16
17
18

# @BEGIN split
# @IN initial structure QURI file:structure.pdb
# @IN directory path @AS directory
# @OUT protein pdb @URI file:{directory}/protein.pdb
# @OUT bglc pdb @URI file: {dlrectory}/bglc pdb
db file:{di

structure = $Sdirectory_path"/structure.pdb”

Workflow input ports

initial_structure| |topology_prot | [ topology_carb | | topology_pca A

4 wasDerivedFrom split
21 protein = $directory path"/protein.pdb"
22 water = $directory_path"/water.pdb"
23 bglc = $directory_path"/bglc.pdb" [T
24 egrep —v ’(TIP3|BGLC)’ $structure > Sprotein . *
25 grep TIP3 $structure > $water wasDerivedFrom e
RO grep BGLC $structure > $bglc )
27 split !
|
Script code. ¥
constraints_definition|
Wi 62'@& boris \ """""" :
wasDerivedFrom : :
- |final_structure_1| [final_structure_2 VI
Executable workflow.
New workflow version. %
\
W3C PROV N\ / wasAssociatedWith

33



Stepae

Annotate and check quality

* Annotations describing the workflow.
» Use provenance data

- To check the quality of the conversion process.

 Run checks to verify the soundness of the
workflow.

34



14
15
16
17
18
19
20

21

27

23
24
25

26
27

Stepa

Annotate and check quality

# @BEGIN split

# Q@IN initial structure @QURI file:structure.pdb

# Q@IN directory path @AS directory

# @OUT protein pdb G@URI file:{directory}/protein.pdb
# @OUT bglc_ pdb G@URI file:{directory}/bglc.pdb

# @OUT water_pdb @URI file:{directory}/water.pdb
structure = $directory_path"/structure.pdb”
protein = $directory_path"/protein.pdb”

water = $directory_path"/water.pdb"

bglc = $directory_path"/bglc.pdb"

egrep —v ’(TIP3|BGLC)’ $structure > $protein
grep TIP3 $structure > $water

grep BGLC $structure > $bglc

# @END split

Script code.

U

Workflow input ports

|initia|_structure| |topo|ogy_prot||topo|ogy_carb||topo|ogy_pca| A

Executable workflow.

35



Workflow input ports

Stepa

Annotate and check quality

|initia|_structure| |topology_prot||topo|ogy_carb| | topology_pcal A

Initial Executable workflow.

U

Workflow input ports

l pdbID Htopology prot”topology carb| ltopology pca| A

Hetch PDB flatfe from_RCSB server

Wo rkflo& output ports

pdeIatFlle V

co nstraints deflnltlo

Workflow oy(t ports \

: lflnal_structure_l| lflnal_structure_2| V Z

Workflow version. 36



Stepa

Annotate and check quality

 Common mistakes during the conversion:

not clearly identified the main logical processing
units in the script;

a mistake when migrating script code into the
corresponding activity;

not provided the correct input files and parameters,
the coding of the workflow itself contained errors.

37



Step s

Bundle Resources into a Research Object

wasDerivedFrom

-
/

R

wasAttributedTo, Enity P rove n a n C e h “
/ Data

wasGeneratedBy
(: Agent used
actedOnBehalfOF e
wasAssociatedWith

~ -
related to
Activity

startedAtTime endedAtTime

Annotations Attributions

xsd:dateTime wasInformedBy

Concrete

Abstract.
workflow(s) Paper workflow

Script




Contributions

A methodology that guides curators in a
principled manner to transform scripts into
reproducible and reusable WRO,;

* This addresses an important issue In the area
of script provenance,

39



Conclusions

 We addressed issues wrt understanding, reuse and
reproducibility of script-based experiments.

 The methodology created was:

- elaborated based on requirements;

— showcased via a real world use case from the field of Molecular
Dynamics;

* We exploited tools and standards from the scientific
community:

- Scientific Workflows, YesWorkflow, Research Objects, the W3C
PROV recommendations and the Web Annotation Data Model.

 The bundle is available at http://w3id.org/w2share/s2rwro/

40



Next Steps

Evaluation using other case studies;

Evaluation of the cost of the effectiveness of
our methodology;

Extension of YesWorkflow to support the
semantic annotation of blocks:

Implementation of tools.

41
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