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* In the middle of nowhere of northern Indiana
1.5 h from Chicago)
* 4 undergraduate colleges
* ~35 research institutes and centers
¢ ~12,000 students  [REERSSSE o —
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Modeling and Simulations ECRC
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Genomics
Proteomics
Metabolomics
Immunomics
System biology

Black Swallowtail —
larvae and butterfly

Molecular simulations
Docking
Epidemiology
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February 16, 2001 February 15, 2001
biotech company Celera The Human Genome Project
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Craig Venter (left) and Francis Collins (right)
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* Explosion in the quantity, variety and complexity of
data

e Questions can be answered impossible to even ask
about 10 years ago

* Costs far reduced (e.g., Human Genome project, 15
years, ~S2 billion; today ~3 days, $1000)
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Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

$1K

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

http://www.genome.gov/images/content/cost_per_genome_oct2015.jpg
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LIGO/Aurore Simonnet/Sonoma State University

IT'S OFFICIAL: Gravitational waves have been
detected, Einstein was right

"Ladies and gentlemen, we have detected gravitational waves. We did it!"
FIONA MACDONALD 11 FEB 2016




Workflows

A sequence of connected steps in a defined order
based on their control and data dependencies
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* Different workflow concepts
e Different workflow languages
* Different workflow constructs
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Workflow Editors

* Different technologies (workbenches, web-based
* Different look-and-feel
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Web-based
Data and compute- agile frameworks Distributed data and

intensive problems )

) computing infrastructures

« "¢ Uy

b1

Users generally not
IT specialists

Too‘Is a.nd workflow

engines
Sandra Gesing
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Web-based
Data and compute- agile frameworks Distributed data and
intensive problems " computing infrastructures

o -
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| Need for intuitive and self-explanatory user
interfaces!
................. TN, SN
\ 4

“Users generally not ...~
IT specialists

Intemtionl Relton:

Tools and workflow
engines

High-speed networks
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Web-based
Data and compute- agile frameworks Distributed data and
intensive problems computing infrastructures

B e

Ag_m
Tools and workflow
engines

i

Users generally not
IT specialists

h ] '

High-speed networks

Sandra _



Usability ECRC

CENTER FOR RESEARCH COMPUTING

“After all, usability really just means that making sure
that something works well: that a person ... can use the
thing - whether it's a Web site, a fighter jet, or a
revolving door - for its intended purpose without getting

hopelessly frustrated.”
(Steve Krug in “Don't make me Steve Kru

4
think!: A Common Sense Approach DON T
to Web Usability”, 2005)

A Common Sense Approach 1o Web Usability

Sandra Gesing
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“The key to productivity is reusability. The easiest way to
produce code is obviously to have it already!"

(John R. Bourne in “Object-oriented Engineering: Building Engineering
Systems Using Smalltalk-80”, 1992)

Sandra Gesing
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“The closeness of agreement between independent
results obtained with the same method on identical
test material but under different conditions (different
operators, different apparatus, different laboratories

and/or after different intervals of time)...”
(IUPAC (International Union of Pure and Applied Chemistry iupac.org) GoldBook)

GOLDBOOK

IUPAC > Gold Book > alphabetical index > R > reproducibility



http://www.iupac.org/
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“The closeness of agreement between independent

BioMed Central pilots projects around enhancing reproducibility

Reproducibility: what are we going to do about it? t

With an increasing number of studies revealing much of science
is not able to be reproduced or replicated, the question is now
being asked, Can we do science better?

In an effort to address this we are pleased to announce that we
are piloting a new Minimum Standards of Reporting
Checklist for authors and reviewers.

The checklist addresses three areas of reporting: experimental
design and statistics, resources, and availability of data and
materials. Authors will have to confirm they have complied with
REPRODUCIBLE the checklist and reviewers are asked to confirm the author’s
answers. For more information read our launch editorial.

GOLDBOCK

IUPAC > Gold Book > alphabetical index > R > reproducibility

Sandra Gesing
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[re peatj [replicatej

same experiment same experiment
same lab different lab

different
experiment
some of same

same experiment
different set up

[reproduce} [reuse}

Figure by Carole Goble adapted from Drummond C, Replicability is not Reproducibility: Nor is it Good Science, online
and Peng RD, Reproducible Research in Computational Science Science 2 Dec 2011: 1226-1227.

Sandra Gesing —



Efficiency ECRC

CENTER FOR RESEARCH COMPUTING

* Time
 Computational resources

ﬁé“,

* Money

LO(J@//

“Surely there’s an easier way of moving files?”

Sandra Gesing



Science Gateways EHORN®

CENTER FOR RESEARCH COMPUTING

science gateway /si’' ans gat’wa'/ n.
1. an online community space for science and engineering research and
education.

2. a Web-based resource for accessing data, software, computing services, and
equipment specific to the needs of a science or engineering discipline.
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* Increased complexity of ,
— today’s research questions We need /nterfaces

— hardware and software that provide
— skills required
broad access to

e Greater need for openness
advanced resources

and reproducibility

— Science increasingly driving and
policy questions allow all to tackle
* Opportunity to integrate today’s challenging

research with teaching science questions

— Better workforce
preparation

Sandra Gesing . Science Gateways
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Untitled form
File Edit View Insert Responses(0) Tools Add-ons Help

¥~ ~  Editquestions Changetheme [;* View responses g View live form
~ Form Settings

v Require University of Notre Dame login to view this form
Automatically collect respondent's University of Notre Dame username

Show progress bar at the bottom of form pages
Only allow one response per person (requires login) *

Shuffle question order

Page 1 of 1

Untitled form

Form Description

Question Title Untitled Question

Help Text

Question Type Multiple choice ~ Go to page bas!
Option 1

2o My W i

DSL Gateway
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Science Gateways ECRC
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Science Gateways ECRC
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Re-inventing is not always necessary..

Nahnhhh_.l don't think It will work.  Let's do somethng
gifferent. . .scmething smarer.. something cooler!

Sandra Gesing
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... and users should get more features easily...

Sandra



Frameworks and APIs ECRC
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... but the model should fit to the demands of the
community

Sandra Gesing
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Questions around frustration and limitations of using

* Bioinformatic software

* Bioinformatic resources

 HPC and Cloud infrastructures

and about challenges to train students in bioinformatics

Answers often address

* Hurdles to use bioinformatic resources because of
commandline access or not available software

e Quality of documentation of software

* Need for parsers and converters for diverse data formats

* Long waiting time for support or even lack of support
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: ?
e Nick Loman Are you located in the UK®

(Birmingham, UK)
* Thomas Connor
(Cardiff, UK)

e October 2015
e 272 answers

Yes 74 27.5%
No 188 69.9%
Is Scotland still in the UK? 7 2.6%

https://drive.google.com/drive/folders/0B7KZv1TRi06fLUJCU1BYM3JScjg

Sandra Gesing


https://drive.google.com/drive/folders/0B7KZv1TRi06fLUJCU1BYM3JScjg
https://drive.google.com/drive/folders/0B7KZv1TRi06fLUJCU1BYM3JScjg

Bioinformatic Infrastructure Survey ECRC
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How would you rate your level of bioinformatics expertise (0 = total n00b,
10 = Heng Li) ?

50
40
30
20

10

Sandra Gesing e —————



Bioinformatic Infrastructure Survey ECRC

CENTER FOR RESEARCH COMPUTING

Where do bioinformaticians do most of their work

Personal@omputerf ]
Local@esourcel

Institution-wide@esourcel

Cloud®

4 1 1 1

o 208 40 608 80 1008 120m

Sandra Gesing
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Where do bioinformaticians do most of their work

Personal@omputerf ]
Local@esourcel

Institution-wide@esourcel

1 1 1

Cloud® .

o 208 40 608 80 1008 120m

Why do bioinformaticians use the software they use

Gra phicalljnterface: —

Other
AIready@nstaIIedEanerver:
Quickestf |

Used@nBimilarnalysisi
Worddbf@nouth@ecommendation?

Good@ocumentation
BestHorFobl

0.00%[110.00%20.00%EB0.00%40.00%E50.00%20.00%/0.00%E80.00%E0.00%E
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Where do bioinformaticians do most of their work

Personal@omputerf ]
Local@esourcel

Institution-wide@esourcel

Cloud®

4 1 1 1

o 208 40 608 80 1008 120m

Why do bioinformaticians use the software they use

Gra phicalljnterface: —
Other
AIready@nstaIIed@;nBerver:
Quickest_ |
Used@nBimilartanalysis?
Word@f@nouthlﬂecommendaﬁon:

Good@locumentationB [
Bestorobl

0.00%0110.00%20.00%EB0.00%E40.00%E50.00%#50.00%/0.00%E80.00%E0.00 %0
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A Typical Life Cycle

New ~
project Early

rototype adopters

Scientists

disillusione Publicity
d

Funding Wider

ends badoption

Gateways enable research, but are not research projects themselves...
Sustainability is a problem...

CENTER FOR RESEARCH COMPUTING
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A new era...
 Novel developments of web-based agile

frameworks
* Infrastructure providers report that science

gateways are more used than commandlines

Sandra Gesing " Science Gateways
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A new era...

=8=0pen accounts =&=Active + Gateway =®=Active users Gateway users =@=New HPC users =®=New XUP accounts

9,000

8,542
8,000
7,000 6,917
6,000
5,000

4,000 4,040 <Fia1ma;/i

2,000

2,283
1,382
1,000
0
—i —i — o~ ~ ~ o~ m o o o <t <t <t < [Ta] ¥a] ¥a] [Ta] [Ys]
AR B B B N B v L S N B B B B B B S B
https://www.xsede.org/
Sandra Gesing

Science Gateways
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Science Gateways ECRC

A new era...

 Novel developments of web-based agile
frameworks

* Infrastructure providers report that science
gateways are more used than commandlines

But also always new challenges...

 Novel infrastructures

 Novel data sources like NGS sequencing
machines, telescopes such as the Square
Kilometre Array (SKA) (will create data rates in
exa-scale size)

=>» Support of developers necessary
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Science Gateways Community Institute EHO{@

Extended
Developer Support
Ee 0D
h O
2.2 Scientific
Software

Incubator Science Gateways ;
Collaborative

Community Institute

a synergistic focal point *g‘p

vy

Workforce o.%] Community
Development  d Engagement
and Exchange

Science Gateways

CENTER FOR RESEARCH COMPUTING

Diverse expertise on
demand

Longer term support
engagements

Software and visibility for
gateways

Information exchange in a
community environment

Student opportunities
and more stable
career paths

http://sciencegateways.org
39




Science Gateway Survey 2014 ECRC
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* 29,000-person survey
* 4957 responses from across domains

Physical and Mathematical Sciences [ 30
Life Sciences | EG_—_—_—— 225
No Response |EEEG_—_—_—_ 165
Computer and Information Sciences |NEGTRREGEEGEGEGEG 16%
Engineering | INEEG_—— 16
Environmental Sciences | 14%
Social Sciences | INEG_—_10%
Professional Disciplines NG 9%
Arts and Humanities [l 2%

0% 10% 20% 30% 40%

Sandra Gesing ~ Science Gateways



Science Gateway Survey 2014 ECRC

CENTER FOR RESEARCH COMPUTING

e e Workflows Citizen science

Interfaces to
6% resources

or platforms . scientific
6% 5% /
£ Instruments
Collaboration 4%
tools Interfaces to

8%

Data
collections /
15% Educational
tools

Dataanalysis 18%
tools,

including
visualization Computational

and mining tools

n of application types=7,805, 16% 16%

by 2,756 creators (out of 2,819);
mean=2.8 application types per
application creator

Sandra Gesing Science Gateways



Science Gateway Survey 2014
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50%

45% 0
45% B Wished we had this 44%
40% i
0 34% 36% O Yes, we had this
35% 0 5
30% 31%
30%
25%
’ 20%
20% 16% 18% 17%
15%
10%
5%
0%
Usability Graphic Community Project Professional
Consultant Designer Liaison/ Manager Software
Evangelist Developer

n=2,756 respondents or 98% of application creators

42%

26%
14% 15%
Security Quality
Expert Assurance
and Testing
Expert

Science Gateways

Sandra Gesing



Science Gateway Survey 2014
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What services
would be helpful?
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l’"
-

rrFI'npmHl Service Y Infmrest A"
Evaluation, impact analysis, website analytics T2%
Adapiing technologies GF %
Wihivisualgraphic design BT %
Choasing technoingies %
Usabblily Servicss B
Visuakzation B
Developing open-source softwang B
Suppart for ecucation 2%
Community angagement machanismes 2%
Heeping your praject running E2%
Legal perspectives B1% .
Managng data B0% 3
Computaticnal rasourcas 5%
Mobile technology 58%.
Dalabase siruslure, oplimization, and query experlise 59%
Data mining and analysis g
Cybersacunty consubtation 5F%
‘Wihsite construction 5%
Softwane engineering process consuliation 53% I
Sounte oode review andion aucil o1%
High-bandwidih rebwarks 43%
Scipntific instrumarts or data sireams 445

_J-'Ianamrnmtaapma of a project 2% y

a

(1]

Sandra Gesing
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* Content management systems (Drupal)

* Libraries for implementation (Django)

e Portal frameworks (Liferay)

* Science gateway frameworks (WS-PGRADE, Galaxy)
e Static layout
 Layout extendable
* Workflow-enabled

* APIs for implementation (Apache Airavata, Agave)

Sandra Gesing " Science Gateways
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5) TEMPLATE

4) USER PERMISSIONS

3) BLOCKS & MENUS

2) MODULES

1) DATA (NODES, ETC)

Sandra Gesing Science Gateways



VectorBase - Example for Drupal

CRC

CENTER FOR RESEARCH COMPUTING

(Enter search terms

(=)

VectorBase

Bioinformatics Resource for Invertebrate Vectors of Human Pathogens

| LOGIN |

| ABOUT H ORGANISMS H DOWNLOADS H TOOLS H DATA H HELP y | COMMUNITY H CONTACT US \

Welcome to VectorBase!

VectorBase is an NIAID Bioinformatics Resource Center dedicated to providing data to the scientific community for Invertebrate
Vectors of Human Pathogens. We aim to provide a forum for the discussion and distribution of news and information relevant to
invertebrate vectors, as well as access to tools to facilitate the querying and analysis of the data sets presented on this site.

AL, X W~
< TCGE b x
E T . i
(o) GENOMES TRANSCRIPTS & PROTEINS & MITOCHONDRIAL POPULATION

TRANSCRIPTOMES PROTEOMES SEQUENCES BIOLOGY
TOOLS & RESOURCES
Pause
S ] — - =)

First pass annotation for nine

qambiae compleq [ A" Gimbiee Anopheline species available
An. arablensis
Pyretophorus A, qraddowinidios VectorBase and The Anopheles Genomes Cluster announce
An. merus 3 P ]
FE— the first pass annotation of nine Anopheline genomes. The
e A christyf predictions were generated using ab initio and similarity
Recalie P approaches utilising transcriptome data and taxonomically
An. maculatus informative proteomes. Gene models were aggregated using
Colta Ax. cullcliecies the MAKER system. These gene sets are available for
Aa. funest = .
AyoE Mmmz browsing, searching via BLAST and download.
E An. dirus
Anophelinae An. fermet An. albimanus An. arabiensis
Anopheles An. sinensis
Culicid: Aa. atroparvus An. christyi An. dirus
uNCie Nyssorhynchus ¥
P ——— An. epiroticus An. funestus
= = < :
Culicinae Ca. . p
r Sub, An. minimus An. quadriannulatus
Drosophilidae &

An. stephensi

Want to see your BLAST,
ClustalW and HMMer jobs?

Login above or Register here.

' POPULAR ORGANISMS

Anopheles Aedes Culex
gambiae aegypti quinquefasciatus
RECENT ADDITIONS

Anopheles  Phlebotomus Biomphalaria
funestus papatasi glabrata
All organisms
LATEST NEWS

August 14, 2013
VectorBase Release VB-2013-08
June 28, 2013
VectorBase Release VB-2013-06
More news

DID YOU KNOW?

New search engine at VectorBase

Searching via the box at the top of all
pages now lets you find more than just
genes! Most site content is now
searchable. ... From Newsletter 13 (Sep

Sandra Gesing Science Gateways
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{Eﬂter search terms j:-@

. LOGIN |

- VectorBase

Bioinformatics Resource for Invertebrate Vectors of Human Pathogens

|’ ABOUT | | ORGANISMS | | DOWNLOADS || DATA H HELP | | COMMUNITY | | CONTACT US |

‘ Home » Tools

BLAST

Due to browser compatibility problems in Safari and Firefox, we recommend using
Google Chrome when using blast. We are working on these issues and apologize

for any inconvenience this may cause you.

Paste your sequences here

A
Upload FASTA File
Browse... | No file selected.
Program Job Control
@® blastn tblastn tblastx blastp blastx s RESET |
Jol —
blastn - Nucleotide vs. Nucleotide SUBMIT
Datasets Options
All Datasets Maximum E-Value
1 -
Aedes aegypti _I
Anopheles albimanus Word Sizs
1 _-|
Anopheles arabiensis
Complexity Masking
Anopheles christyi Default ;l
Anopheles darlingl Results per Query per Database
Anopheles dirus A m

Anopheles epiroticus

Science



VectorBase
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VectorB

Bioinformatics Resc

| DOWNLOADS |
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-

. LOGIN |

TOOLS

Home » Tools

BLAST

BLAST
Clustalw
HMMer
BioMart

problems in Safari a

blast. We are worki
1y cause you.

Genome browser
Ontology browser

Expression browser

Upload FASTA File

Browse... | No file selected.

Program

@ blastn

Datasets
All Datasets
Aedes aegypti
Anopheles albimanus
Anopheles arabiensis
Anopheles christyi
Anopheles darlingi
Anopheles dirus A

Anopheles epiroticus

Insecticide
resistance

Population biology
browser

| HELPIH

COMMUI_————

{TACT US |

RESET |

L

Maximum E-Value

Complexit;
Default -

Masking

!3

Results per Query per Database

50 -]
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Form Input Template output

{1}

T A
' e
o U

(4)

Database External Processes
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VECNet

VECNet

Vector Ecology and Control Network

About Tools Login

Our Work

Though malaria remains both treatable and preventable, 350-500 million people worldwide are

infected with the disease every year, with up to one million cases ending in death. Nearly 85 percent of
the victims who die are younger than five years old.

Recent global efforts have contributed to declines in malaria-related sickness and death, but while the

== A
present available tools for controlling malaria are effective, they will not by themselves eliminate the SR S N
disease. There is a need for new strategies to eliminate malaria.

VECNEet is a consortium of institutions assembled to address the need for new strategies to eliminate VECNet Alpha Release August 14, 2013
malaria, which requires an understanding of how interventions affect the transmission of the disease

The VECNet website is currently in "Alpha Release" while the VECNet
VECNet across different geographic areas where the mosquitoes that transmit malaria differ in their behavior.

team tests its design and functionality. If you received an invitation to
! Follow @VECNetNews be an Alpha tester, please request an account here. If you are
interested in helping to test the "Beta Release" expected later this year,
please register and indicate that you would like to be a Beta tester.
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VECNet enables national malaria control managers, researchers, product developers, funding bodies and policy
makers to ask questions such as: ‘What is the intensity and type of intervention/s required to achieve one malaria
death per 100,000 in this particular population?’ and ‘What is the impact on malaria transmission of a new tool that
potentially kills a mosquito any time it takes a sugar meal, seeks a blood meal or lays eggs?’

To find answers to these questions, VECNet is developing three resources: the Digital Library, the Data
Warehouse Browser and a Modeling Platform. These tools provide users with access both to data on malaria
transmission and to modeling software to create simulations of various scenarios. The simulations use geospatially
specific data to analyze the potential of different combinations of control interventions to reduce malaria
transmissions in a given area.

ed Digital Library
-I\i The Digital Library assembles all published and unpublished data on malaria vectors. This extensive
" [ (3 4J database enables the analysis of transmission risk as a function of vector ecology and behavior via

the Modeling Platform.

Data Warehouse Browser

1 The Data Warehouse Browser is an incentive-based platform for data sharing, and enables
easy-to-use, secure access to data for use with any of the Modeling Platform tools. It presents
research data in ways that allow model simulations with specific data in geographically defined areas. Users can
access all existing data, including their own model input and output data.

Sandra Gesing S Science Gateways
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Transmission Simulator
Researchers use their data as input to model the sensitivity of transmission to changes in the

behaviors of vectors resulting from responses to interventions or changes in the
environment/ecology.

Risk Mapper

¢ Risk Mapper analyzes the impact of particular interventions on malaria. National malaria
4 control programs can use it to compare the distribution of vector control interventions against
the distribution of specific vector species to determine the appropriateness of the intervention.

Product Impact Evaluator (PIE)

Investors use PIE to estimate the value of new control tools. With PIE, product developers
estimate the effect of candidate tools on malaria transmission and can then develop and refine
Target Product Profiles to achieve a desired level of impact.

Computational Intervention portFolio EvaluatoR (CIFER)

CIFER is an amalgamation of the outputs of Transmission Simulator, Risk Mapper, and PIE,
combining the estimates of contributions from individual vector species, individual
geographies, and individual interventions to overall malaria transmission. Policymakers can
refine the suite of tools needed to achieve malaria eradication by analyzing how interventions affect
the transmission of the disease and, as importantly, where interventions will not be able to achieve
effective control and elimination.

Sandra Gesing S Science Gateways
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# Home page

BUILD SCENARIO

& Start page

@ Location

# Model Parameters

¥ Dominant vectors

3G Behavior/Habitat

.ll Baseline Transmission
& Interventions

& Summary

Sandra Gesing

Risk Mapper / Build Scenario (Kenya) / Baseline Transmission

Step 6 of 8 : Baseline Transmission

Annual EIR data, Courtesy: Malaria Altas Project

Science Gateways
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Portal framework
e Authentication (e.g., OpenSSO, CAS)
e Authorization
e Standards compliant
* JSR168/286
* Web services
* Web 2.0 websites
* Web Publishing and Shared Workspaces
* Collaboration
* Social Networking

Sandra Gesing - Science Gateways
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User Interface
WS-PGRADE
Liferay

\

Workflow
storage

\.

Workflow
engine

\

A A
Application Information
repository system
i/ \ J
I ™
Submitters Logging
y N y

High-Level
Middleware
Service Layer

gUSE

DCI Resources
Middleware Layer
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Molecular Simulation Grid

e Science gateway integrated with underlying
compute and data management infrastructure

* Distributed workflow management

* Data repository

 Metadata management

Molecular Simulation Grid Community Partners Help

Molecular Simulation Grid  Molecular Simulation Grid

2 Certificate based login == First Steps

To login using your grid
certificate, ensure that it is
installed in your web browser.

Make sure, you are using the !
same email address for your
MoSGrid account as you provided for

your certificate generation. You can try to login
by clicking the certificate symbaol.

1.4 p | tis ded to be able to log into the MoSGrid portal.

-L Click on "Create Account”, and fill out the form. It is recommended to use your official
email address, that must be used later for the certificate application.

The password will be displayed and mailed to you. You can now login. Please change
the password to one you chose.

2. Inorderto get access to data and workflows and to performing molecular
simulations through the MoSGrid portal your account needs to be unlocked. To
unlock your account please write a short note to contact@mosarid.de. Please include
the email address you entered during the account creation process.

If you retum to this page, either your certificate is
invalid or not properly installed in your web
browser, or your registered email address doesn't
match any in your certificate.

For additional information visit our Certificate
tutorial.
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) Add ¥

~ Manage ¥ +f Edit Controls # Goto ¥ Sandra Gesing (Sign Out)

Welcome Workflow Storage Settings Security Statistics Information Data Avenue Publications Help End User
Coming Soon

WS-PGRADE gUSE  Security © Assertion

& urc S

Assertion

Name A | Date Modified
Tuesday, February 24, 2015 8:29 AM

You have to generate an assertion.

Generation of new assertion:

User Certificate (.p12): Select Certificat

Validity (in days): 0 Generate assert|

File Format: | Java keystore (*.ks, *.jks) =

| Cancel | Open
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» &) Add ¥ o Manage ¥ ¥ Toggle Edit Controls ft Goto ¥ Admin Portal ¢ sign out )

f'ﬁ‘\ i
i \qu gfLid

f
i
.
\ ','

Graph Editor - [gromacs] Mode - Edit
Graph Edit Help

\/

Welcome Certificates

[ X
‘ 125 50 75 100 125 150%
Graph

Refresh

Graph Editor

Names of graphs

gromacsUnicore

|
test

Message:(] grompp

editconf

Settings Online Friends {0)
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Al

[Job 0] | [JDLRSL] || [History]

Sandra Gesing Science Gateways 60
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[lob Executable] | [DURSL] | [History]

Part Humber:)  Port Name: genparser Ceoription of Fod '

genparserjar

wtreemfs: fftestigenparser jar

Port Mumber:1  Port Mame: startscript Cesopdion of Port

Sandra Gesing Science Gateways
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@ mosgrid.crc.nd.edu:8080/liferay-portal-6.1.0/web/guest/concrete (¢4 Search

etting Started  [3] Most Visited ~ Posts of Blog ~ Posts of Blog ~

WS-PGRADE gUSE ) Workflow ) Concrete

Y
Refresh

Workflow name Running Finished Error Suspended Actions

P _0 Configure | Info | Details | Submit | Delete | Export
specWF_2015-03-05-092900 . A

2014-4-9

LT T _0 Configure | Info | Details | Submit | Delete | Export
part_2015-03-05-092900

2014-4-9

LT s _0 Configure | Info | Details | Submit | Delete | Export
part_2015-03-05-092900
2014-4-9

pW¥Chiem-bas ¢ _0 Configure | Info | Details | Submit | Delete | Export
part_2015-03-05-092900
2014-4-9

NWChem_freq-
_freq _0 Configure | Info | Details | Submit | Delete | Export

part_2015-03-05-092900
2014-4-9

NWChem_solv- _0 Configure | Info | Details | Submit | Delete | Export
partc_2015-03-05-092900

2014-4-9

hello_2015-02-07-114739 s o0 o Configure | Info | Details | Submit | Delete | Export

2015-2-7

Sa nd ra Mteways
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MoSGrid Portal

2011-1-13 1453 Details Delete

20011117120 Details Delete

2011-2-99:34 Details Delete

2011-1-18 9:40 Details Delete

2011-2-1 14:44 Details Delete

2011-2-7 18:55 Details Delete

201121591 Details Delete

2011-1-14 10035 Details Delete

2011-1-18 1213 Details Delete

2011-2-10 1236 Details Delete

ew finishe«

lalalleNy=igne® hethod 1 W E::ange:Fr‘n:nm:
aLurce k=

hitpz: SunicoreB-bizgrid uni-paderborn.de: S0S0bizgrid
IservicesilobManagement Pres=01 06fh7S-d00E-458k- Loghook stdl. Owtput | std. Error | Dowload file output
a97a-6f8cB0c25das

Settings Online Friends {0}
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Molecular Dynamics

e Study and simulation of molecular motion

Quantum Chemistry

e Study and simulation of molecular electronic
behavior relative to their chemical reactivity

Docking

* Main focus on evaluation of ligand-receptor
interactions (e.g., for drug design)

Sandra Gesing - Science Gateways
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* Molecular Simulation Markup Language (MSML)
e CML compliant
 Template for each and every workflow

* Molecular input

 Domain specific tools

* Job configuration

e Optimized structures, trajectories, energies, ...
* Semantic search (Apache Lucene)
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Common
Dictionary ™ Convention <?xml version="1.8" encoding="UTF-8"?>

<cml convention="convention:compchem">
T <module dictRef="compchem:jobList">
<cmlx:parserConfiguration/>

Program <module dictRef="compchem:job" id="Jobl">
S ifi € <module dictRef="compchem:environment">
_p?c' ic <propertylList/>
Dictionary </module>
<module dictRef="compchem:initialization">
<parameterList/>

<cmlx:adapterConfiguration/>
<cmlx:parserConfiguration/>

</module>
<module dictRef="compchem:finalization">
<propertylist/>

</module>

</module>

<module dictRef="compchem:job" id="Job2"/>

Input Chemical Output o </module>
Structure
Input

Sandra Gesing Science Gateways
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Quantum Chemistry Portlet
<module dictRef="gompgchem:initialization"> ‘ Importl Submission | Monitoring |
<parameterList> -

<parameter dictRef="g09:]loglevel">

<scalar dataType="xsd:string" units="gj:none">p</scalar> Welcome
</parameter>
<parameter dictRef="g09:jobtype">

<scalar dataType="xsd:string" units="gj:none">opt</scalar> Welcome to the Quantum ChemiStry pomet'
</parameter>
<parameter dictRef="g09:hf.theory" cmlx:editable="true">

<scalar dataTvpe="xsd:string" units="gj:none">hf</scalar> Importa workflow
</parameter>
<parameter dictRef="g09:bhasisset" cmlx:editable="true"> %

<scalar dataType="xsd:string" units="gj:none">6-31G</scalar> T99§Hﬁe
</parameter> Gaussian 09 v
<parameter dictRef="g09:formal.charge" cmlx:editable="truge

<=zcalar dataType="xsd:integer" units="gj:none">0</=scalar> Workflow *

</ > TR . \
perameres ) R [ Optimization with DFT methods v )
cmlx:editable="true">

<parameter dictRef="g09:spin"

<scalar dataType="xsd:integer" units="gj:none">1</scalar>
</parameter>
<parameter dictRef="g09:gheckpointfile"> Submission of prepared job-files. (Yields formatted checkpoint file)
<scalar dataType="xsd:string" units="gj:none">job.ghk</scalar>
</parameter>
</parameterList> Optimization with HF methods
<cmlx:adapterConfiguration adapterID="g09adap" Optimization + frequency calculations with DFT methods
fileExtension="ggm" portName="job.gom"/>

Submission of prepared job-files. (No postprocessing)
Generate cube files for the visualization of HOMO and LUMO I
Submission of prepared job-files. (No postprocessing)

</module>

Sandra Gesing Science



ECRC

CENTER FOR RESEARCH COMPUTING

molcad.de
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—

e

Job Meta-

ocessing

Job
bmission

Post-
ocessing

! H

]
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QCPortletVAPI

Import | Submission  Monitoring ~ About |

Welcome

Welcome to the Quantum Chemistry portlet.

Import a werfklow

Flease select a toolsuite Gaussian optimisation and invocation of parsertools.

Gaussian 09

Please select a workflow
GO9Minimal

Please enter a name
TEGqu_26

» Import

e Specialised interface for quantum chemistry
software (Gaussian, NWChem, ORCA)
e Basic workflows

e Easy Generation or Uploading of Input Files
* Parsing of result files

Sandra Gesing - Science Gateways
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MD Portlet

EMpotential.xvg

Import | Submission START.pdb T L LL NP LILS, )

» ¥ grompp04
» W grompp06
P @ mdrun07
>
>

-25000 Height

# parser01 -30000
W parser02
» ¥ parser03
¥ @ parser04
¥ @ pdb2gmx01
TSI_temp_fi
UNICORE _

guse.jsdl

-35000

=

1

-40000

C(kdimol)y T

»,
»

-45000

g-
\

-

-50000

T (

>'

.
L)

input.pdb

1)

A

)
» 49
A

posre.itp

.

o
N

Y
"q‘.
A a®

A
=~
~

-e h

stderr

stdout

[ Background ™
Black v

[TIColor By Chain
[“IColor By Residue

topol.top

(0

tsi_submit_:
> @ EM_2012-09-21-1
» @ MD_EM_wParser]
> @ EQ_2013-02-01-1
» AN EM wibarcar

o

o~

Size

O Update v|Op )
Canvas Size
(500x500)
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Docking Portlet

lmport‘ Submission | Monitoring ‘ About‘ ? ‘

Select an imported instance

Import
StandardDockingWorkflow_2012-03-30-125439_29.C ~

Please fill the input mask to submit your workflow

PDBCutter
Upload PDB
h i Select a protein chain from your PDB input file to act as

PDB Model* 7 receptor (secondary structure) including the binding

Model 0 - pocket (orange).
Chain A
["|chain s

Chain name of ligand *

A Specifiy a reference ligand (green) by it's three letter code

including the corresponding chain. It might be necessary

Name of ligand as stated in pdb file * to open the input PDB file with an editor. This information

is required for the indentification of the binding site and

S the calculation of RMSD values.

Protein Chains that are to be deleted

Sandra Gesing Science Gateways
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Docking Por Docking-Portlet

Import = St

Soloct . Workflows: 1EVE/ STATUS: FINISHED / selected
electani
BTOM 1 N SER A& 1320400625949recH.pdb
» TEST20111025 LTOM 2 Ch SER A
Import ATOM 3 ¢ SERA
Standz B TEST20111025 - -
and — ATOM 4 0 SERA
v ) ATOM 5 CB SER L
) Docking ATOM & 0OC SER A
Please fill ATOM 7 EHNL SER &
results_sorted sdf ATCOM f HNZ SER L
PDBCI ATOM 9 HN3 SER &
ATOM 10 HL SER A
ATOM 11 HBl SER &
ATOM 12 HB2Z SER L \
PDB M ATOM 13 HG SER R ]
ATOM 14 N GLU 2 :
Model = i ,
ATOM 15 CA GLU &
] Chai ATOM 16 ¢ GLU & §
|| Chai ATOM 17 © GLU A&
ATOM 8 CB GLU &
Chain n ATOM 19 CG GLU A
A ATOM Ch GLU &
ATOM 21 ©OEl GLU &
Name ¢ ATOM 22 OE2 GLU A
GNT BTOM 23 HN GLU A
] ATOM 24 HA GLU &
Protein ATOM 25 HB1 GLU &
ATOM 26 HBZ GLU &
ATOM 27 HGl GLU &
ATOM 28 HG2 GLU & 3 =T.010 B6.637 39.078 T1.00 0.00 H

Update Delete Download View in Jmol




Tools

C search tools

Get Data

Send Data

ENCODE Tools

Lift-Over

Text Manipulation

Filter and Sort

Join, Subtract and Group

Convert Formats
Extract Features
Fetch Sequences
Fetch Alignments
Get Genomic Scores

Operate on Genomic Intervals
Statistics

Wavelet Analysis
Graph/Display Data

Regional Variation

Multiple regression

Multivariate Analysis
Evolution

Motif Tools
Multiple Alignments

Metagenomic analyses
FASTA manipulation

Analyze Data

o Hello world! It's running...

To customize this page edit static/welcome.html

WWFSMD?
grow noodly appendages..

Irgut dutsane X

usegalaxy.org

Galaxy is an open, web-based platform for data intensive biomedical research. The Galaxy team is a part of BX at Penn State, and
the Biology and Mathematics and Computer Science departments at Emory University. The Galaxy Project is supported in part by
NHGRI, NSF, The Huck Institutes of the Life Sciences, The Institute for CyberScience at Penn State, and Emory University.

ECRC
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Using 9.4 MB
History E A <
test history
8.8 MB & =]
44: Main output for @ ] %
creating files (Test3.txt)
1 line
format: text, database: ?
=16]1%] 7=
Test3.txt
43: Main output for @ ] %]

creating files (Test2.fasta)

1 line

format: text, database: ?

HOO =
Test2.fasta

42: Main output for @ ] %
creating files (Testl.txt)

1 line

format: text, database: ?

HO®O ZlE
Testl.txt

41: Main output for @ ] %

Sandra Gesing

Gateways
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Analyze Data

Compute sequence length (version 1.0.0)

Compute length for these sequences:

[ 2: http://bx.psu.edu/~clements/Events/GMOD2013/m.vannielli.sequence.fasta 3]

How many title characters to keep?:

'0" = keep the whole thing

What it does

This tool counts the length of each fasta sequence in the file. The output file has two columns per line (separated by tab): fasta titles and lengths of the sequences. The option How many
characters to keep? allows to select a specified number of letters from the beginning of each FASTA entry.

Example

Suppose you have the following FASTA formatted sequences from a Roche (454) FLX sequencing run:

>EYKX4VC02EQLO5 length=108 xy=1826_0455 region=2 run=R_2007_11 07 16 15 57 _
TCCGCGCCGAGCATGCCCATCTTGGATTCCGGCGCGATGACCATCGCCCGCTCCACCACG
TTCGGCCGGCCCTTCTCGTCGAGGAATGACACCAGCGCTTCGCCCACG

>EYKX4VC02D4GS2 length=60 xy=1573_3972 region=2 run=R_2007_11 07_16_15 57_
AATAAAACTAAATCAGCAAAGACTGGCAAATACTCACAGGCTTATACAATACARATGTAAfA

Running this tool while setting How many characters to keep? to 14 will produce this:

EYKX4VCO0Z2EQLO5 108
EYKX4VC02D4GSs2 60

Sandra Gesing Science Gateways
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RNA-Rocket =3

Galaxy

Launch Pad  Project View Shared Data How-To Help User Using C

View a list of supported genomes DEDUPLICATION
from EuPathDB, PATRIC, and
VectorBase.

Have a question? Contact the Pathogen

Portal Team

Login to get started

Mapping stats: 90% aligned (24.1M aligned out of 26.8M total|

W MAPQ>=30(17.7%,4731207)
W MAPQ>=20 (0.7% , 174586)
MAPQ >= 10 {0.2% , 62598)
.377939)

MAPQ <3 (70.0% 16754412}

Check the nimber.of /S
reads aligned

Am | getting the:most-out'ofimy
reads? Determine how many
reads mapped to the genomic W MAPQ>=20(0.7% , 174586)

sequence. q MAPQ >= 10 (0.2% , 62598)
“MAPQ >=3(1.4% , 377939)
i&gnmq(m 0%, 18754412)
{ | Unmgped(m.o%}ﬁai?s‘)
s

W MAPQ>=30(17.7% ,4731207)|

Sandra Gesing Science Gateways 76
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e Airavata is a general purpose distributed system
software framework build on micro-service and
component based architecture principles

e Airavata provides capabilities to compose,
manage, execute and monitor large scale
applications and workflows on distributed
computing resources

* Airavata supports executions on local clusters,
national grids, academic and commercial clouds

* Airavata is inherently multi-tenanted




ECRC

)
Core Developer

=
il

>

End Users
-

&ﬂ

Scientific
Appllcatlon )

. m (%] Apaéhe
" B 09 Airavata API

Gateway Developer

CENTER FOR RESEARCH COMPUTING

)

Message Box

/-‘ / "\ |
Orchestrator Application Factorv

@ . Computational Resources

3]
Job Monitor
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: :
i |
: :
i |
- Execute g Y Y T Wokflow [
| Workflow Nodes Engine [
| i
v ;
L |
Composite -

]

Applications

Simple Applications o
Ag‘:;ﬁ:’:“ Computational
(GFac) Resources
N Z T
Pears 7 App, <

Real-_Time

& Monitoring

Admin Interfaces

Science Gateway
Portals and Desktop
User Interfaces

Java
C++

PHP

e External clients interact with Airavata API (based on
Apache Thrift)

* Internally, components interact with each other through
Component Programming Interfaces (thrift-based CPls)

Sandra Gesing S Science Gateways
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+ Experiment data model is a
complex data model

* Data strucutures : string,
type-defs, integers, lists,

sets
+ Can refer other structs,
Sl = Can send such complex
data model over the wire
+ Also note that Thrift
support exception
handling too.
struct Experiment {

1: required string experimentID = DEFAULT_ID,

2: required string projectID = DEFAULT_PROJECT_NAVE

3: optional i64 creationTime,

4: required string userName,

5: required string name,

6: optional string description, string createExperiment(1: required experimentModel.Experiment experiment)

7: optional string applicationld, throws (1: airavataErrors.InvalidRequestException ire,

8: optiomal string applicaticnVersion, 2: airavataErrors.AiravataClientException ace,

9: optional string workflowTemplateld, \ , ,

10: optional string workflowTemplateVersion, 3t airavataErrors.AiravataSystemException ase)

11: optional UserConfigurationData userConfigurationData,

12: optional string workflowExecutionInstanceld, /%%

13: optional list<DataObjectType> experimentInputs,

14: optional list<DataObjectType> experimentOutputs,

15: optional ExperimentStatus experimentStatus,

16: optional list<WorkflowNodeStatus> stateChangelist,

17: optional list<WorkflowNodeDetails> workflowNodeDetailsList,
18: optional list<ErrorDetails> errors

Defining a service method

Clean way to define IDLs with
richer data structures

Defining a struct

Science Gateways
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Science Gateway Platform as a Service

3

[
- B
§ )
3

LAR

! 1@ ParamChem

mmll Bioviab

Talkoot

Assill Ultrascan

Apache Airavata 1.0

Apache Airavata 1.0

Apache Airavata 1.0

— Apache Airavata 1.0

> Apache Airavata 1.0

CIPRES

-, b,
-

| POPLAR ‘ ]

BioVLab

Sandra Gesing

Science Gateways
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CIPRES Neuro Ultrascan BioVLAB
Science

Science Gateways

User Identity Job & Workflow Data & Provenance Information, Monitoring &
Management Management Management Auditing

Scalable Load Balanced Configurable Fault Tolerant Maintainable Secure Performance
Science Gateway Platform as a Service (SciGaP)

A mi .
Campus e C.& International
Commercial .
Clusters Grids
Clouds

Sandra Gesing ~ Science Gateways
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Community Hangout

Mailing lists:
architecture@airavata.apache.org
dev@airavata.apache.org
users@airavata.apache.org

Extend Airavata from your
project or extend your project
from Airavata

‘s" ;‘,ﬂ;

ot

Sandra Gesing " Science Gateways
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Agave is a Science-as-a-Service web APl platform
Run scientific codes

e your own or community provided codes

...on HPC, HTC, or cloud resources

* your own, shared, or commercial systems
...and manage your data

* reliable, multi-protocol, async data movement
...from the web

 webhooks, rest, json, cors, oauth2
...and remember how you did it
 deep provenance, history, and reproducibility built in
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Multitenant Vertical SSO

Hosted identity Analytics and reporting
management Developer resources
Supports multiple IdP Multiple SDK & CLI
OAuth2/0IDC server Reference gateway

APl Management White labeled

Hosted or on premise 100% open source

Sandra Gesing - Science Gateways



Agave APl

Used to power web & m
applications

% BioExtract Server
data access, analysis, storage, and workilow creation

Ll Extracts | Tools | Worknlows | Groups | Help

o ANl |—
gent

. Ase
into

« Anil

Sandra Gesing

Downioads

Daveloper Zone

ThaleMine JBrowse Science Applications
ol Araze geon
and proten data from TA, expression for tais, Layer et
and ineraction data from BA, orthokog dispiay TAIR 10 gens sircture data. genomics. AP hosts spications that
ata from Panther, and more. Generate. arc more.

save, and analyze resut sets. Usa plain

Uso the itest, fuly featured GMOD.

Interactive gene pages and protsin

reports.

. for  imited tene, the
okder GErowss tool)

the web services model of on-request
data exchange. AIP hasts science spps
that were contributed by its members and

s users,

Science Gateways

[ Store Mac iPhone Watch
iTunes Preview
TACC Mobile

By THE UNIVERSITY OF TEXAS AT AUSTIN

iTunes to buy and download app

AR, Ocscription

The power of the
Texas Advanced
Computing Center
at your fingertips,

Foatur Stories & Hows
Events Calondar
Systema & Sofware
Comect Wi TACG
Geting Started 8 TAGG

About TACG
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Used to extend existi
processes

O What is the Agave CLI

T o @ E

O C) B

The Agave CLI is a collection of Bash shell scripts allowing you to interact with the Agave
Platform. The CLI allows you to streamline common interactions with the APl and
automating repetative and/or background tasks.

Installation from source

The following technologies are required to use the Agave AP cli tools.

* bash

* curl

* Perl

* Python (including json.tool)

Just clone the repository from Bitbucket and add the bin directory to your classpath and
you're ready to go.

git clone https://bitbucket.org/taccaci/foundation-cli.git agave-cli
export PATH=8PATH: pwd’/agave-cli/bin

Getting started
From here on, we assume you have the CLI installed and your environment confired

properly. We also assume you either set or will replace the following environment
variables:

+ AGAVE_USERNAME : The username you use to login to Agave for your organization.
* AGAVE_PASSWORD : The password you use to login to Agave for your organization.

926eb83 Removed quotes from null

Rion Dooley - 2014-10-16

1 commit
Pushed to taccaci/foundation/cli

c8675d4 Adding script to automagic:

Rion Dooley - 2014-10-16

1 commit
Pushed to taccaci/foundation/cli

7bflc3a Fixing verbosity in recursivi

Rion Dooley - 2014-10-13

1 commit
Pushed to taccaci/foundation/cli

d105495 Cleaning up output messag

Rion Dooley - 2014-10-02

1 commit
Pushed to taccaci/foundation/cli

b221089 Working around bug in curil

Rion Dooley - 2014-10-02

® 00
meetings-104-17

/2 dooley — bash — 110x41 R
~ dooley$ systems-list

lonestar4.tacc.teragrid.org
systest-rodeo-storage

rodeo.storage.demo
-dooley
example.com
stampede-gsi-teragrid
tcollaborative.org
opensciencegrid.org
data.vdjserver.org
te.example.com
grid

storagel
plantcollaborative.org
stampede. tacc.utexas.edu
example.com
-dooley
rodeo-dockerl

meetings-104-172:~ dooley$ files-list -S docker.iplantcollaborative.org .

dooley

1mjohnstane

nirav

sjmiller

syste

welge

meetings-104-172:~ dooley$ files-list

.bash_history
.bash_logout
.bash_profile
.bashrc
.gnome2

.m2
.mozilla
.mysql_history




Agave APl ECRC
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(Re)Introducing the
Micro App Paradigm

AGAVE + DOCKER

Agave uses Docker container
technology to safely and
securely run your code on
HPC, HTC, Cloud and your
local resources.

Sandra Gesing . Science Gateways



Agave APl ECRC
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Agave Delivers Process-as-a-
Service

amazon @
webservices™
i ‘
Windows Azure openstack’“

y e,
DigitalOcean

Google Cloud Platform Live

Sandra Gesing . Science Gateways
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Agave API

&

Atmosphere

CENTER FOR RESEARCH COMPUTING

]

Data
Commons

PRODUCTS

00

SUBWAY

DNA
Subway

Discovery
Environment

Third Party
Consumers

FOUNDATIONAL SERVICES

Y B
Data Science Auth ElasticSearch
Store APls )
LOW-LEVEL SERVICES, SECURITY, ASSETS, etc
iRODS CAS/Shibboleth/OAuth2 OpenStack Condor XSEDE

[

(federated storage)

(virtualization)

J

(single sign-on) (job scheduling) (national Cl)

-

HARDWARE RESOURCES
N
Somes I/ K= I/ Yamed I/
7 & &
- N
Cloud Systems High-performance Databases Storage
Computers 4

Sandra Gesing

Science Gateways



iIPlant — Example for Agave API

ECRC
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&? Bisque WebApp
3. Results:

The module ran in 57 seconds

Tracked root tips

Plot~ Export ~

H) @

:
L

r\

"'\

Prev/Next Zoom Tool Annotate

@Sevloa' Upload Downbad @lmagsv “Find images using tags

E‘J Bisque root tip angles.png

Sidebar Search...

Value
0.0086222
0038471
0.051405
0.00014604
0.00041889
-0.0037973
0057078
0084265
0.13622
0.26852
023715
038589
033344
0.50285
0.58676
05267

si T T T T T T T 1

0 6 12 18 24 30 38 42 48 54 60

- tp0 % tp-1 <tip2 = tip3 1ip-4 -@1ip-5

(=]

O @

»

Help and workflow
1. Select input image

Select an image by double clicking the image of
interest, it will be loaded into the viewer for the
step 2. The input time series first image should look
something like this:

The 100% magnification on our images lookes like
this:

2, Select initial tip positions

Sandra Gesing

Science Gateways



Agave API - Tutorials EHOL®
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Home
News

About

S HANDS-ON TUTORIALS

DEEP-DIVEINTO THE AGAVE REST APIS

Beginner's Guides
Authorization Guide

Advanced Tutorials

- Apps

ot Rt Advanced Tutorials

- Data

Dive deeper into the Agave REST APIs with these advanced tutorials on the
individual APls.

- Jobs
- Metadata

- Notifications

Client Registration Authorization

- Systems
Q Learn how to register your Learn how about authentication
- Users client applications and obtain and authorization in Agave.

Interactive REST Docs APl keys.

Event Reference

Changelog
Roadmap App Management Agave + Docker

. (TODO)
Best Practices Learn how to wrap your existing
scientific applications and Learn how to use Docker and

Use Cases expose them for execution Agave to conduct portable,
Tools through the API. reproducible science.

Terms of Service

Sandra Gesing Science Gateways



Agave API| - Tutorials

ECRC

System Management

Learn how to access your own
HPC, HTC, Cloud, and Big Data
resources with Agave.

Job Management (TODO)

Learn how to run applications,
monitor jobs, and archive data in

Agave.

User Management

Learn how the Agave profile
service can help you locate and
interact with other users in your
organization.

Metadata Management

Learn how to view, validate, and
manage metadata in Agave.

ENE

CENTER FOR RESEARCH COMPUTING

System Monitoring
(TODO)

Learn how to monitor system
uptime and availability with
Agave.

Data Management

Learn how to manage, move, and
share your data with others in
this tutorial.

Using Postlts (TODO)

Learn how to create disposable,
pre-authenticated URLs that you
can share with anyone.

Notifications and Events

Learn about Agave's event
system and how to get real time
notifications about any event,
any time.

Sandra Gesing

Science Gateways
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Collaboration on Science Gateways

Crucial Topics
* Close collaboration with user communities
 Knowledge about available technical solutions

Sounds easy but...

 Requirements of user communities often not so
clear

* Technologies sometimes still under development
for certain building blocks

=>» Slow uptake of solutions

=>» Larger effort for creating science gateways

Sandra Gesing - Science Gateways

CENTER FOR RESEARCH COMPUTING



New Science Gateways - Checklist ECRC
DISCUSSION

Organizational
Aspects

Technical Domain-Specific
Aspects Aspects

Developers Domain Experts

Sandra Gesing . Science Gateways 95



New Science Gateways - Checklist ECRC
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Domain-specific aspects:

Goal, target area and target users
Visions/demands on the layout

Priorities of features and options, e.g., a list
from must-have to great-to-have options
Integration of existing applications or
development of applications

Technologies of the applications
Visualization

Security demands

Workflows




New Science Gateways - Checklist ECRC
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Organizational aspects:

* Time constraints for the development,
agreement on a (maybe even rough) project
plan with milestones

* Agreement on alpha- or beta-tester

 Regular meetings

Sandra Gesing - Science Gateways




New Science Gateways - Checklist ECRC

Technical aspects:

Experience with existing frameworks and
programming languages

Available infrastructure including security
infrastructure and resources

Available support of suitable technologies
Scalability of suitable technologies

Effort for extending existing technologies
compared to novel developments

Synergy effects with other science gateway
projects
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A world-wide research computing infrastructure
* Transparent service selection
e e.g., Docker could be part of the solution
e Access to data irrespective of location
e Options to share data efficiently
* Appropriate privacy and security measures
* Optimized usage of resources
e e.g., optimized usage of cloud computing and their
business models

Sandra Gesing e —————




Researchers ECRC
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~7 million researchers world wide

Researchers per million inhabitants

[] Less than 311
[]311-726

[] 726 - 1,358
] 1,358 — 1,953
& 1,953 - 3,090
[l 3,090 - 3,799
W 3,799-4,748
W 4,748 - 6,088
Il 6,088 - 7,707
[C] No data

* FTE = full-time equivalents
* HC = headcounts

http://chartsbin.com/view/1124




High-Speed Network ECRC
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I N T ll ET@ www.internet.edu

Wy e
. &

THE INTERNATIONAL REACH OF THE INTERNET2 NETWORK

U.S. Exchange Points

PacificWave
/ PacificWave-North

PacificWave-Bay Area
PacificWave-South
——— NSF IRNC-sponsored connections - Starlight
Other intemational connections

; ) 2 3 ) 3 i AtlanticWave
For further information regarding the international programs of Internet2, visit http://international.internet2.edu/ MANLAN

or contact Heather Boyles, Intemational Relations Director, heather@internet2.edu. NGIX-East

A listing of networks reachable via the Intemet2 Network is found on the back of this page. AMPATH

Sandra Gesing
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Integration of data sources and instruments
e Different data formats

e Different interfaces

e Different hardwares and technologies

... from small ones to the big ones...

Sandra Gesi
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Software searchability, reproducibility and reusability
e Science gateways step in the right direction but ...

much more work necessary on searchibility... Not only

finding any data for a research area but finding the right data

e Metadata approaches

* Dictionaries

* More involvement of
librarians

Sandra Gesing
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Software searchability, reproducibility and reusability
e Science gateways step in the right direction but ...

much more work necessary on reproducibility and

reusability...

e studies in medicine and pharmacology: 11% or 6% of the
analysed research was reproducible

e myExperiment: only 20% of workflows reusable because
of dependencies on hardware, local or distributed data,
software versions

Sandra Gesing e —————



Challenges EHO{@
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Software searchability, reproducibility and reusability
e Science gateways and workflow systems step in the
right direction but ...

much more work necessary on reproducibility and
reusability...

 Containerization approaches
e Migration approaches
e Combination of both

Sandra Gesing
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Challenges — Novel and Old...

. require novel solutions!

iexnsimuiabil [ f}

Groisewr | T i

CENTER FOR RESEARCH COMPUTING

el T o
|1 T

- (“ T x“
~|Congratulations on getting if
i e
i |that summer research r{ -
4~ | grant, Dr. DI What are you | [
| | ‘ going to do with it? :

g N

Thanks. I'm going to
spend it researching
more grantsl

Sandra Gesing
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Browse ~

Open Science Framework

Cloud-based management for your projects.

Structured projects

Keep all your files, data, and protocols in one centralized
location. No more trawling emails to find files or scrambling to

recover from lost data. [ECIIITRG o]0

Control access

You control which parts of your project are public or private
making it easy to collaborate with the worldwide community or

IS A I@ 1Ml PROJECT-LEVEL PERMISSIONS

Respect for your workflow

Connect your favorite third party services directly to the Open

Science Framework. “The OSF is a great way to collaborate and stay

organized while still using your favorite external
services."
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* Logical level: Meta-workflows

Herres-Pawlis, S., Hoffmann, A., Rosener, T., Kriger, J., Grunzke, R., and Gesing, S. “Multi-layer Meta-
metaworkflows for the Evaluation of Solvent and Dispersion Effects in Transition Metal Systems Using the
MoSGrid Science Gateways”Science Gateways (IWSG), 2015 7th International Workshop on, pp.47-52, 3-5 June
2015, IEEE Xplore, doi: 10.1109/IWSG.2015.13

e System level: Combination of strengths of workflow
systems

Hazekamp, N., Sarro, J., Choudhury, O., Gesing, S., Scott Emrich and Thain, D. “Scaling Up Bioinformatics
Workflows with Dynamic Job Expansion: A Case Study Using Galaxy and Makeflow”, e-Science (e-Science), 2015
IEEE 11th International Conference on, pp.332-341, Aug. 31 2015-Sept. 4 2015

* Prediction: Model for optimization of tasks and
threads

Choudhury, O., Rajan, D., Hazekamp, N., Gesing, S., Thain, D., and Emrich, S. “Balancing Thread-level and Task-
level Parallelism for Data-Intensive Workloads on Clusters and Clouds”, Cluster Computing (CLUSTER), 2015 IEEE
International Conference on, pp.390-393, 8-11 Sept. 2015, doi:10.1109/CLUSTER.2015.60




Science Case: Polymerisation catalysts EHO{@
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Free radical polymerisation (FRP) Controlled radical polymerisation (CRP)
- Commodity polymers — Tailored and/or intelligent polymers
Jer g | D%A
C n
o)
o)

| m

o

Handbook of Radical Polymerization, K. Matyjaszewski 2004, Wiley, New York.

Sandra Gesing



Translation into Workflows E: CRC
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Ki
[Cu(DMEGqu),]* + [Cu(TMGqu),CI]* -‘—ih- [Cu(DMEGqu),CI]* + [Cu(TMGqu),]*
Cu(l) Cu(ll) Cu(ll) Cu(l)
...._. :..'. ....' :....
o’"’.t:.... ‘ .... :;-..’0... : .o---' ....
./'..,/0..’.?:;.”.':' OO . .:-.0',,:.
o—:. «** *° ¢4’ ¢, *°
“e'e o o e © o ° : .H./. ¢ 6
° [ |

— Correct structural description needed by quantum chemistry
* Evaluation of structural description with suited functionals and basis @

sets

« Evaluation of structural description with dispersion and solvent
models at suited temperatures needed for an accurate description!

Sandra Gesing



Translation into workflows — /

Fundamental step: optimisation M
Frequency calculation at 0 K and at 400 K Opt WF
(polymerisation temperature) for the same molecule Opt '

- Small workflow with 3 atomic workflows (opt and
freq)

]

|‘ Job Creator l | Job Creator l

Frequency Frequency

S. Herres-Pawlis, A. Hoffmann, A. Balasko, P. Kacsuk, G.
Birkenheuer, A. Brinkmann, L. de la Garza, J. Kruger, S. Gesing , R.
Grunzke, G. Terstyansky, N. Weingarten, Concurrency Computat.:
Pract. Exper. 2015, 27, 344-357. : )

Freq-OK WF Freq-400K WF

Sandra Gesing ———————————— 111
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Implementation in WS-PGRADE:
White-box approach

. e Definition of subworkflows
s e Creation of templates
J’\ * Creation of concrete WFs out of
/ \ : templates
freq i) Ml s0lv

* Definition of meta-workflows by
using these sub-concrete WFs

Advantages Disadvantages

* High re-usability of subworkflows * Very complex for chemists
* High-reusability of final workflows < Long-learning curve

e High flexibility in combination * Error-prone in details




Translation into Meta-Workflows ECRC
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Doing it for 4 complexes ....
I'(is

[Cu(DMEGqu),]* + [Cu(TMGqu),CI]* -,—_Os [Cu(DMEGqu),CI]* + [Cu(TMGqu),]*
Cu(l) Cu(ll) Cu(ll) Cu(l)
°
° : Y .o
° : . o?® ! ’ 4 *
e O °
.0 *: . " 8
./. .’\..\. @
.‘/K.‘A.

Opt plus
F1 || 2treq W2 req WF3
(lem D'qn) (MecN) [Xylene) | | (MeCN, Disp) | | (Xylene, Disp)

I [l T O ™

Sandra Gesing
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Data
Partitioning

Problem Data Set

# Machines < # Cores

Sandra Gesing
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Scaling Up Workflows

Galaxy
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= Galaxy Analyze Data Using 0%
Tools X History o0
- Galaxy is an open source, web-based platform for data intensive biomedical ]
research. If you are new to Galaxy start here or consult our help resources.
Get Data unnamed history
Lift-Over 0 bytes =

Text Manipulation

Tweets ¥ Foliow @ This history is empty. You can
Lonvert Formats load vour own data or get data
Iter and Sort . from an external source
. mmmm  Galaxy Project @galaxy 24 Aug
Join, Subtract and Grou BEE  The #usegalaxy Reports application
NGS: OC and manipulation got a new homepage by
@D_J_Bouchard Thank you,
#community. for the contributions!
pictwitter.com/FqdA6ZKDrj
Show Photo “«- 3 *
mmmm  Galaxy Project Goclaxyproject 24 Aug
B @tiagoantao Thank you for the kind

Extract Features

Eetch Sequences
Eetch Alignments

Get Genomic Scores
Operate on Genol Intervals
Statistics

Graph /Display Data
Phenotype Association
snpEff

BEDTools

Genome Diversity
EMBOSS

Regional Variation

EASTA i ion
=T

Public Galaxy Servers

‘words.

and still counting Galaxy / VectorBase Workflow
° Tools Workflow Canvas | BWA-GATK & | Details
(" search tools Worldlow Parameters | 1,5|. SAM-to-BAM
inputi.ext
Get Data Version: 1.1.2
P Ver L2
s Input dataset "] Choose the source for the
ference list:
. output ref
_— Locally cached ¥
[==] Text Manipulation
PENN ‘w Filter and Sort SAM File to Convert
= Dat it inputl’
JOHNS HOPE 1oin, Subtract and Grou o o ata input input1’ (sam)
Y ERSE plotype-Makeflow
UNITVERS 1 convert Formats plotyp: 2 e
Extract Features BWA-Makeflow 3 SAM-to-BAM F Input BAM file it Step Actions
Fetch Sequences Select Reference Genome: Input BAM Progency Rename Dataset ¥

Fetch Alignments

Get Genol Scores

Operate on Genomic Intervals
Sta

ics

Wavelet Analysis
Graph/Display Data
Regional Variation
Multiple regression
Multivariate Analysis
Evolution

Metagenomic analyses
EASTA manipulation

NGS: OC and manipulation
NGS: Mapping

NGS: Indel Analysis

NGS: RNA Analysis

<

FASTQ file

output1 (sam)

output2 (mklog) *
outputd (text)

outputs (text)

outputé (text)

output3 (text)

SAM File to C
outputl (bam)

Add or Replace Read Groups $8
SAM/BAM file
outputl (bam, sam)

outlog (bxt)

Input Reference
OUTPUT_VCF (vcf) *®
OUTPUT_LOG (text)
OUTPUT_MFLOG (mklog)
OUTPUT_WQLOG (text)
OUTPUT_DBLOG (text)
OUTPUT_PFLOG (text)

outputl ¥

Add actions to this step;
actions are applied when this
workflow step completes.

Edit Step Attributes

Annotation / Notes:

4
Add an annotation or notes to
this step; annotations are
available when a workflow is
viewed.

What it does

This tool uses the SAMTools toolkit
to produce an indexed BAM file
based on 3 sorted input SaM file.

>

Sandra Gesing
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* Finding precise order of nucleotides within a DNA
molecule

A (adenine), G (guanine), C (cytosine), and T (thymine)
(Human genome over 3 billion of nucleotides)

AL

Sandra



Genome Sequencing EECRC
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Let’s imagine a party game. The game is a guessing
game. Here is how it is played:

You are thinking of a number and the group has to guess
it. The tricky part is that the number is 200-digits in
length. You are reading the digits of the number in your
head without making a sound. Every so often a person
interrupts you, and you tell them the single digit you
were just thinking and where it is in the sequence of
200. Each time you are interrupted, you have to start
again. You leave after a few hours and the group has to
figure out the 200-digit number. They have to piece
together the information you gave them, for example
the 25t number was 5, the 40" humber was 0, and so
on. Using the information from their interruptions, they
can repeat the number they gave you.

Sandra Gesing
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FQ

Simple Workflow in Galaxy

BWA

Problem: As Size increases so does Time

VCF

Sandra Gesing



VCF

Problem: Tools must be updated every
change in Parallelism/Relies on Scientist

Sandra

119




Scaling Up Workflows ECRC
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Workflow Dynamically Expanded behind Galaxy

] 1
] 1
] 1
]
FQ : BWA ! | sam @ BAM @ VCF
1 1
P 1 1 - -

1 1
1 1

Sandra Gesing



Scaling Up Workflows
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Execution
Engine

Run From
_Portal
TS - www e
X ke Tool creates sandbox.
\\
\
h |
SANDBOX
»
p RDB E a . ]
!
\_// ¢ -~ Task e
Repository " i
1
File location,
\i/'/ linking, and storing.

Sandra Gesing




Scaling Up Workflows ECRC

CENTER FOR RESEARCH COMPUTING

Execution
Engine
Run From
_Portal
e www -
s Tool creates sandbox.
\\
\
h |
SANDBOX

P S DAG —'@-<
\—// ff _V
I

Repository L«

1
J File location,

\i// linking, and storing.

Sandra Gesing




Scaling Up Workflows ECRC
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Makeflow witpy

e Task Structure
INPUTS : OUTPUTS
COMMAND

part3 mysim.exe partl

e Directed Acyclic Graph (DAG)

join.py out3 out2 outl

* Programmatically Generated

result

Sandra Gesing
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Galaxy
4 B N\
Y
Makeflow Local Cluster XSEDE Resource
Y
\ i N 4
Work Queue
I 4 ey N\
Condor Pool SGE Cluster
\ LN J

Local Files and
Programs

Sandra Gesing



Scaling Up Workflows

Galaxy

Y

Makeflow

v

p

/ Local ChrSter

Work Queue

[

I

Local Files and
Programs

Sandra Gesing
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ECRC

@

XSEDE Resource

Condor Pool

SGE Cluster




Scali EHONE®
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Job Sandbox — Log file creation for cleanup

Sandra Gesiﬁg————



Scaling Up Workflows ECRC
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Dynamic Job Expansion

e Work Queue: we utilized 100s of cores from a
Condor Pool

* Cleaning Sandbox using knowledge of intermediates
and logging

* Explored methods to transmit needed environments
such as
executables and Java

61.5X speed-up on 32 GB dataset utilizing these methods

Sandra Gesing



Thread-level and Task-level Parallelism E: CRC
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* Develop predictive performance models for an application

domain

®* Achieve acceptable performance the first time

®* Optimize resource utilization
®* Execution time

® Memory usage

Sandra Gesing



Thread-level and Task-level Parallelism ECRC

Tools Data
Reference Query
BWA, 562 MB 45 GB
Bowtiel
Query BLASR 230 MB | GB
SAM
Query 1
o
° @ SAM
o
SAM
N
Ref

Ref

* WorkQueue master-worker framework

® Sun Grid Engine (SGE) batch system




Thread-level and Task-level Parallelism E: CRC
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1. Application-level model for time:

T(RQN)= L1RQ/N + 52

2. Application-level model for memory:

M(RN)=y1R +y2N

3. System-level model for time:

TTotal=ml QK /D +12(Q/B +RKN/BC )+ 13T R,Q/K ,N)xKN/MC + nA0/B +150K/D

4. System-level model for memory:

MMaster(R,Q)=d1R +$2Q Terms Meaning
R Reference size
Q Query size
N No. of threads
K No. of tasks
D Disk speed
B Network bandwidth
M No. of available machines
C No. of cores/machine

Sandra Gesing



Thread-levelandmaskslevel Parallelism EHCRC
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|
[ | S0 |
I Data I : Training |

i i

: Collection : [ i
l | : :
| I - R .

I/ Training egression
: : I data ] Model :
| | . |
I | 1 :
|
I : Regression |
: i Coefficient :
I L------------ I--é---l-l
|
I A Il I I D D DD D D B . -------‘
I N '
: : 1/3 | Testing Accuracy :

[ data Test [
I | I
[ I : [
[ I : I
I I : I
| | i :
| |
i I : MAPE I
I I Testing |

[ B § ® § ¥ ¥ ¥ 5 5 5 ¥ 8 8 § 5 ¥ ) -

Sandra Gesing e —————————————



Thread-level and Task-level Parallelism E: CRC
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Model Application Configuration MAPE( %)
Vary K, Fix QN i v
BWA vary Q.Fix RN |1 3. :
Vary N, Fix R.Q : 26 4 |
Application-level Vary R, Fix QN I 1.6 [
Model for Time Bowtie2 Vary Q, Fix BN I 2.2 I
Vary N, Fix R.Q I 1.3 1 |
Vary R, Fix QN 43
BLASR Vary Q, Fix BN : 51 /
Vary N.Fix RQ | 36 | Avg. MAPE
, Vary R, Fix N 1 39 =
Application-level BWA Vary N, Fix R 1 33 1 il
Model for Bowlie Vary R, Fix N | T 26 T
Memory Vary N, Fix R : 1.9 :_
Vary K, Fix N 4.7
BLASR Vay N.Fx R__| 1 42 1|
System-level Vary K, Fix R,Q.P : 2.1 I
Muodel for Time Vary N, Fix R.Q.P ! 27 g
System-level Vary R, Fix Q i 25
Model for Vary Q. Fix R L 33
Memory ———

MAPE = Mean Absolute Percentage Error
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Thread-level and Task-level Parallelism E: CRC
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200 - ¢

Time (mins.)

-~ 35
MNo. of threads/task 30

MNo. of tasks

180

160

140

120 —

100

Time (mins

o
=

For the given dataset, K* = 90, N* =4
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Result | ECRC
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1 360 70 6.6 50.4 64.8

2 180 38 12.3 25.2 324

I 4 90 24 19.5 18.9 324 I

8 45 27 17.3 18.9 324
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Information on Science Gateways EHO{@
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* Science Gateway Institute
http://sciencegateways.org

 Science Gateway Workshops
Europe: IWSG - http://iwsg.info

USA: GCE - http://sciencegateways.org
Australasia: IWSG-A - http://iwsg.info

* |EEE Technical Area on Science Gateways
http://ieeesciencegateways.org

* XSEDE Science Gateways
https://www.xsede.org/gateways-overview

* CRC Science Gateways
https://crc.nd.edu/index.php/research/gateways

Sandra Gesing - Science Gateways



Exercises E: CRC
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Questions and exercises at
http://bit.ly/2dlkySW

Data at
http://bit.ly/2cTwKaN

Sandra Gesing ~ Science Gateways
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