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« Can | reuse her workflow?
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* Do the results match?

« Have | done it correctly?
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Replicability

= Current studies show very low reproducibility in

- medicine
- economy
- computer science

= Reproducibility requires
- well documented research workflows

317

- precise information

on the experiment's environment
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Abstract
reeSurfer is a popular software package to measure cortical

10.6). Significant differences were revealed

smaller differences were detected
106. The observed differences are similar

d volume of tructures. However,
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little if any is known about measurement reliabiliy across various data processing conditions. Using a set of 30 anatomical
Ti-weighted 3T MRI scans, we investigated the effects of data processing variables such as FreeSurfer version (v4.3.1, v4.5.0,
and v5.0.0), workstation (Macintosh and Hewlett-Packard), and Macintesh operating system version (OSX 10.5 and OSX
between FreeSurfer version v5.0.0 and the two earlier versions. These differences
were on average 8.826.6% (range 1.3-64.0%) (volume) and 2.8=1.3% (1.]
between Macintosh and Hewlett-Packard workstations and between OSX 10.5 and OSX
in magnitude as effect sizes reported in accuracy evaluations and
neuradegenerative studies. The main conclusion is that in the context of an ongoing study, users are discouraged to
update 10 a new major release of either FreeSurfer or operating system or to switch to a different type of workstation

7%) (cortical thickness). About a factor two

by FreeSurfer

without repeating the analysis; results thus
levelopers over the years. Mor

ag pport to successive stated
reover, in view of the large and significant cross-version differences, it is concluded that
formal assessment of the accuracy of FreeSurfer is desirable.
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Introduction

o Center for Biomedical

FreeSurfer (Athinoul A Ma:
Imaging, Harvard-MIT, Boston) compriscs a popular and frecly
available set of toals for deriving neuroanatomical volume and
cortical thickness measurements from automaied brain segmenta-
on (htip:/ /surfer numc.mgh harvard.edu), recently summarised by
Fischl [1]. A number of reported studies discussed the aceuracy of
the techuique by comparing the volume of specific brain
structures, such as the hippocampus or amygdala, with manually
derived volumes [2=5]. The measurement of cortical thickness was
validated against histological analysis (6] and manual measure-
ments [7.8]. Also the reliability of the measurcments was subject of
a mumber of investigations. Some of these stuies addressed the
effect of scanner-specific parameters, including ficld strength, pulse
sequence, scanner upgrade, and vendor (cortical thickness: [9,10]

Since FreeSurfer is CPU-intensive (20-30 hours per brain for a
full segmentation & ot exceptional), it is common practice (o
distribute the computational load among the available central
processor units (CPUs) on a single workstation and/or among
several workstations. Given. this context, 2 mumber of questions
suggest themselves: (1) does every CPU produce the same resulis;
(2) is there any interaction between the processes running
simultancously on the same workstation; (3) does every workstation
produce the same results?

Just Tke similar neuroimaging packages, new  releases of
FrecSurfer arc isued regularly, fixing known bugs and improving
existing tools and/or adding new ones. Each release is accompa-
nicd with documentation describing the changes relative to the
previous  release  (hitp://surfer.nms mgh harvard edu/fewiki/
ReleaseNotes). However, transition to a new release during the
course_of a_study may affect_the results and is_thercforc
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= OWL ontology

= Modular architecture

- Domain Independent Ontology

- Domain Specific Ontologies

= Process preservation

TIMBUS
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Context Model
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(VPlan)

Software
Dependencies Licenses
(CUDF)
Core Legal
(Archimate) 9
Formats Provenance
& Storage (Janus)
(PREMIS)
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Validation report for the WeatherExample

Evaluation result: There are 2 not fulfilled metrics. Please see tables below for details.
Comparnson performed using following workflow execution traces
Original Workflow
1D: 37b4d2fb-e71c-4b67-b7b3-17888eeB2977
Timestamp: 2015-10-14 18:58:06 475
Compared Workflow
ID: ede04b87-5f58-4a89-b0c3-e179957cbad0
Timestamp: 2015-11-13 13:59:56 443
Table 1: Overview of requirements

Requirement Description Ful:islled
R1 The inputs to the workflow are the same true
R2 The outputs of the workflow are the same false
R3 The workflow step ExtractTemperature must have identical _
outputs
R4 The workflow step GetWeatherData must have identical outputs true
R5 The workflow step MakeDecision must have identical outputs true
RE The workflow step ExtractWeatherType must have identical ~
outputs ]
R7 The workflow step VisualiseTemperature must have identical false
outputs
R8 Execution duration of each of the workflow steps shall be similar true
Table 2: List of requiremements and metrics that failed.
Req | Sub- Sub-requirement i Metric Validit
q req description . ¥
point
The output plot of workflow ImageFingerPrintEquality | false
R2 | R7.1 | step Visualise Temperature plot ImageResolutionEquality true
must be identical AbsoluteErrorCount false
The output plot of workflow ImageFingerPrintEquality | false
R7 | R7.1 | step VisualiseTemperature plot ImageResolutionEquality true
must be identical
AbsoluteErrorCount false

YO http://dx.doi.org/10.1016/j.bi.2016.10.011 ifs FACULTY OF 'NEFORMATICS
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v @ DataFile (2)

""" : R _HOME/ iava/fon 8 0 45-internal/fcinfo-1-korona-Linux

-J®SUSER HOME/taverna-commandline-core-2.5.0/lib/somtoolbox_full.jar
V- HTTRServicelnterface (4
----- #127.0.1.1_interface
----- #127.0.0.1_interface
----- & ::ifff:127.0.0.1_interface

""" .'datapnint.metnfﬁce.gnv.ukfpuhlicfdataNalfocsfalIfxmIf322550?res=3hnurly&time=[...]'
- @ InfrastructureFunction (5)

v @ OperatingSystem (1)

- 4p’Linux Mint 17 Qiana’

B0 Service (4)

‘f User“} ADDED

- dptimbus

¥ & DataFile (2)
""" # 3USER_HOME/ java/fonts/1.8.0_45-internalifcinfo-1-ck-Ubuntu-15.04-en.properties
----- & /usrishare/fonts/X11/Type1i/fonts.dir
V- S HTTPServicelnterface (3)
----- #23.0.174.40_interface
----- & ::ffff:23.0.174.40_interface
----- #23.0.174.9_interface
¥ OperatingSystem (1)
- 4p'Ubuntu 15.04'
V- = Package (48)
""" # fonts-takao-pgothic
----- @ libxcb1
""" #language-selector-common
""" & fonts-tlwg-typewriter

----- # ttf-indic-fonts-core NOT USED
""" # fonts-tlwg-garuda
_“ a & Loz -
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Use Cases

Hk

= Characteristics of Taverna workflows on myExperiment

 50% use Beanshells
* 30% use WSDL web services experlment

* 15% local tool invocations

= Access to the original environment was necessary

= 5 Taverna workflows from 3 domains

- 3 biomedical workflows (Leiden University, NL)

- 1 music classification workflow (TU Wien)

- 1 sensor data analysis workflow (LNEC, Portugal)

............................................... Ifs FACULTY DF !NFORMATICS




Use Cases

Hk

@
= Workflows required e -

- specific dependencies in the environment
- external services

= Re-executions on different
- version of operating system

- distribution ZJ

- system architecture ‘

\
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= All dependencies were identified

Results - dependencies detection

R dependencies

Ruby dependencies

Java libraries

local tools (e.g. pdflatex)

Dynamic
-

analysis

Static analysis
d
Dynamic analysis
of R server

............................................... I'FS FACULTY OF INFORMATICS




Results— external services

Hk

= All external communications detected (web services)

= Limited validation for external services (Rserve scripts)

- global variables
- steps with no outputs

- only final result of workflow computation is validated
* black box testing

............................................... I'FS FACULTY DF INFORMAT":S




n Results — instance data

= Dynamic analysis detected
- data created through shell calls
» such files are not a part of provenance traces in Taverna
- ‘real’ workflow outputs

« Taverna traces can contain paths only, but not the content

» Taverna workflows can create files not linked to any output

workDir_1.ng.g
z
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Results— validation metrics

Hk

= detected changes on different stages of workflow
processing

- metadata included in data

* generation timestamp

- file format comparison improved the results

® ZI P arCh iVeS Tabela 1: Dados gerais do modelo de 10)
. -y 21-04-2015 12:37

275
% |atex table generated In R 3'0'2 by Xtable 1'7_1 paCkage Ini; 2cio do ]Jl'l1.|<‘-iTt;:’:‘1'.t']'.:_n'.e"nltJ ::{1\[3::31
% Tue Apr 21 13 3705 2015 L['Irljltl):]:"/ih“mm'J [l?_:‘il radial {mm)
\begin{tabIE}[ht]\Centering S . Desl. '.;mg;t'-n.t-iul (mm)
\begin{tabular}{rrrrrrr} Decigna itk -
\hline & Min & 1Q & Mediana & Media & 3Q & Max \\ ) H;-l=
\hlineResiduos (mm) & -2.42 & -1.23 & -0.52 & -0.00 & 0.45 & 5.52 \\ Fha
\hline Elementos da matriz X i|[[[“
\end{tabular} COSD, SEND
\Captlon{RESIduos do mOdEIO} ]Je‘r'fl'_ét;do iln"_'('_%|i.-'t‘ |]'_’[][}-'_J-[]J-[]J.2[][33-[]]-[]]|
\end{table} Fimdalq ~ 2008-01-01
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n Recommendations

= Analyse dependencies and evade shell calls

- e.g. use scripting mechanisms provided by the workflow engine

Write code that runs on all platforms

- e.g. do not encode specific paths

Publish experiment setup and context

- e.g. exact versions of tools used
= Publish validation data
- e.g. provenance but also other files created during execution

= Test the replicability on your own

- e.g. try rerunning your experiment in a clean virtual machine

............................................... I'FS FACULTY DF !NFORMATICS




Conclusions

Hk

| have repeated her experiment
in the same way!
| got the same results!
| can reuse any part of it!

Original Re-executed
experiment experiment
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