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b Challenges and Motivation

Challenges
— Learn how to create and use workflows

— Many different workflow systems exist that are not
interoperable

— Technological choice (data and computer resources) isolates
users and user communities

Benefits of workflow
— Share your own workflow, re-use workflows of others

— Create and execute ‘meta-workflows’: built from smaller
workflows that use different workflow languages/technologies

— Combine workflows and DClIs
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--gi',i_;_'fa- Key Players and Challenges

Domian researchers

|

Researchers of one particular research field, for example

Astrophysicists, Computational Chemists, Heliophysicists, Bio
Scientists, etc. with basic computing knowledge

Challenges: They are not familiar with the technology to run
experiments on computing infrastructures and probably they will
never learn it.

Workflow developers

They are familiar with both Computer Science and a particular
research field

technologies

'l Workflow system developers
Computer Scientists with knowledge about data and compute
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v Workflow Developer’s Scenario

They want They need

- to develop & publish WFs

Workflow
Repository

I Science
- Gateway

- to develop WFs somewhere
- to publish WFs somewhere
- to manage WFs somewhere
- to execute WFs somewhere

Cluster based

service grids (SGs)
(EGEE, OSG, etc.)

Desktop grids (DGs)
(BOINC, Condor, etc.)

Supercomputers

E-science infrastructure

Grid systems

e-irfrastructure



S sniwe Domain Researcher’s Scenario
W They want They need
- to run experiments - to run experiments seamlessly

i.e. executing workflows which

Workflow access to data and compute
Repository resources hiding all technical
details
Science
Gateway

— -
3 -

S

g

- E QR \
E ~ I Cluster based

service grids (SGs)
(EGEE, OSG, etc.)

Local clusters

Desktop grids (DGs)
'S (BOINC, Condor, etc.)

Supercomputers Grid systems

E-science infrastructure
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S, Co-operation with
Research Communities
Phase 1 — introduction to the workflow technology

Target group: communities without any or basic experience in
the workflow technology

Phase 2 — creating and running workflows

Target group: communities those use workflows to run
experiments

Phase 3 — combining workflows of different workflow systems

Target group: communities those use workflows to run
experiments and are interested in using
workflows of other workflow systems 6
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Stiwa Workflow Levels and Users

Workflow Domain Gateway
Execution Resg_archers _
Conceptual b8 ' l
Wol flow 4 &
Workflow el Q)

Infrastructur s
Development =

and Execution

® @ ¢?§§

Abstract & t

LEVEI—--—--—--—-- ---—i);‘
Workflow DC) Gateway

Concrete Developers Experts

Level RN

Workflow
- execution
and monitoring

| API, Libraries,
Development

and Debugging
tools

Configuration,
Statistics,

" Monitoring,

Troubleshooting
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HES Atomic Workflow Concept
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Computational Chemistry:
Meta-Workflow Concept (1)

£ sniva
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f=ta-veorktlow :I
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Computational Chemistry:
Meta-Workrow Concept (2)

' Host Workflow System fwsn

Host Workflow Syste m{wsn

Embedded WF|

ol
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Job1

Computational Chemistry:
Meta-Workflow Concept (3)

JobO

JobO

Job2

Job Jab1 Job2
7 =l | %] a7 ]
Generator
iy Kl
i ™ ™y If
b3 Job1 o o O O Job2
Bl B
pE - _—
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Collector
2]
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=i Workflows versus Scientic Experiments

Atomic Workflow

Meta-workflows

lterative meta-
workflows

Basic workflows

Composite
workflows of
atomic workflows

Parameter study
of workflows or
meta-workflows

Use Case

Science Case

lterative Science
Case

Execution of
Atomic Workflows

Orchestration of
Atomic Workflows

Parameter-Sweep
Execution of
Science Cases
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Name

Spectroscopic

analysis

Spectroscopic
benchmarking

Parameter
sweep

Transition state

analysis

TD-UNI

SpecWSUNI

PopulationUNI

Galaxy QM
QM-MD

Quantum Chemistry Workflows

Description
Explore the spectroscopic characteristics of a
molecule
Explore the spectroscopic characteristics of a

molecule with more functionals/basis sets
Benchmark a molecule using larger
functionals and basis sets

Find a reaction transition state and analyse its
frequencies together with the spectroscopic properties

arrays of

Calculate the optical response of a molecule

Explore the spectroscopic characteristics of a
molecule

Apply various population schemes to better electronic
understanding of the molecules.

Optimise a molecule quantum chemically in Galaxy

Optimise the protein scaffold by molecular dynamics
and optimise then the metallo-active center by
quantum mechanics together with a spectroscopic
analysis

Engine

WS-PGRADE

WS-PGRADE

WS-PGRADE

WS-PGRADE

UNICORE
UNICORE

UNICORE

Galaxy

Middle-
ware
UNICORE
UNICORE
UNICORE

UNICORE

UNICORE
UNICORE

UNICORE

UNICORE

WS-PGRADE UNICORE

Type ID
meta- 5739
workflow
meta-meta-
workflow
meta- -
workflow
meta-
workflow

Workflow
Workflow

5745

5751

Workflow

5754
5752

Workflow

meta-meta-
workflow
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Name

Spectroscopic
Analysis

Explore

Spectroscopic
Benchmarking

Population UNI

molecules.

Intansily [3.4.]

Description
the

characteristics of a molecule

ancend 420
aadoa o ]

LN B SA ST AR &
RN AREN N R [N

200
L]

"
1)

I' '[ \ (

Uil

|

Calculation of optimized geometries,
molecular orbitals, population analyses,
frequencies, or optical absorptions.
Apply various population schemes to
better electronic understanding of the

u
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Quantum Chemistry Science Cases

Workflow Links

spectroscopic http://www.erflow.eu/spectrosco

pic-analysis-science-case

http://www.erflow.eu/spectrosco
pic-benchmarking-science-case

http://www.erflow.eu/population-
uni-science-case
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Highly useful for Quantum Chemists in everyday work
Full simulation of all spectroscopic features of a molecule

Combination of 5 atomic workflows
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;s Spectroscopic Benchmarking Science
. Cases

* Highly useful for Quantum Chemists in everyday work
« Combination of 1 atomic workflow and 4 times the Science case 1

Spectroscopic Benchmarking meta-metaworkflow
Basic Opt WF

l

l

¥

Mull WF

Solv WF

Specl WF

Spec2 WF

Spec3 WF

Specd WF
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-.. - Workflow Interoperability Challenges

ELEF

Workflow Formalism
DAG with DCE with : :
extensions extensions DAG ’ Petri-net Pi-Calculus
Workflow Language
GWENDIA AGWL ‘ Scuf Tniang Wendiow MOML CondorDAG GWorkflowDL | | BPEL | | XPDL
\ LHTQE M’I/ [
Moteur server | | Askalon engine Freefluo Tna‘na ‘ Kegher Gekaor Xen GWES BPEL Engme Shark
engine engine DAGMan
Wurkﬂ&w system / / / / /X \ \/
: : Unicore
Moteur client Askalon Taverna Triana Kepler P-GRADE Pegasus K-WF Grid e
DCI middlewa
¥
Eucaliptus glLite Globus Unicore
DCl infrastructures
Amazon EC2 EGEE Austrian Grid D-Grid TeraGrid " NGS DEISA
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e-irfrastructure



s Formal Description of WEs and WFs

formal description of workflows
WF = :{WFabS! WFcnr! WFcnf! WFeng}
where WF,, . - abstract workflow
WF,_,, -concrete workflow
WF_; - workflow configuration
WF,,, - workflow engine

| _EEES

formal description of workflow engines
WE = :{WEabS! WEch! WEcnf}
where WE_,. - abstract workflow engine
WE_,, - concrete workflow engine
WE_; - workflow engine configuration

workfiow
configuration

) 1 ) workflow

abstract > concrets engine
workfiow workflow configuration

abstract

concrate
workflow - workfiow workflow

engine engine |

flow formal description workflow engine formal description
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(Stvaly Workflow Interoperability:

Coarse-Grained Interoperability (1)
CGl concept = workflow engine integration
4 ) Ei P Y
Submission o o , F
Workflow Service Submission | > Workflow
Engine A Client Service 3 Engine B’
N y & D
A i
' :
| i
v )
4 )
Workflow Distributed
Repository Computing
Infrastructure
\_ /
L I 19
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Workflow Interoperability:

= smwa
e Coarse-Grained Interoperability (2)

B T e

- : - '/‘-—’_\
! ‘ r— e
Woridiow b v e o e = e e e me—— - Dol
Engine A
| —

L

P> ]

Lopf Spmission L g Wordoy  mmeend

§ )
* native workflows: J1,J2, J3
* non-native workflows: WF4
- black boxes which are managed as legacy code applications
20
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(smiwa SHIWA Simulation Platform = SSP

el e

[rriana][ws-Porace]
[coniPpein][owes]
[Tavemal [MOTEUR|
[Galaxy ]

E]sﬁum
=
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£ Snva SHIWA Simulation Platform
: = e :
SHIWA
| SHIWA Science Repository
: Gateway
/ \ export/import
A search
publish/
" search
5 AD
0 Galaxy
Kepler
MOTEUR
data PGRADE Taverna
transfer workflows | submit etc.
workflows
process
Data Avenue D Brida h .
Loto | [Lno ) (o] [gupe) (52 ] [ctoua] [ouster] [*opreq [esktof [ mueer
e : 22
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stiwal, SHIWA Portal: Editing Workflow

EEEE

Eraph Editor - [cgi-demo] MMode - Edik — 0] =]
Graph Edit Help
[ )
[E >
25 50 Fh 100 125 150 %
| 2|
=]
Job0 Joh1
i
n
i Bl EET] b
E—=fl]
Jok2 Job3
¥
|4 [»]
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Storage Security Settings End User Help SHIWA Simulation Platform v.2 Manual

shiwa-portal.cpc.wmin.ac.uk Workflow  Concrete

Concrete

orkflow Template:

2011-8-23 8:36 Detalls | Delete |
2011-11-24 8:1 Detalls | Suspend |
2011-8-9 9:51 Detalls | Delete |
2011-9-99:12

Detalls | Delote |

2011-8-22 10:24 Detalls | Delete |

2011-9-12 10:34 Detalls | Delete |

2011-11-24 8:1

ob Status [ Actions ]

Moteur init 1 View init } View all content(s) I
Taverna _1 View running ’ View all content(s) ‘
Kepler init 1 View init ' View all content(s) I
Triana init 1 View init ’ View all content(s) |

| . 25
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£ sniwa. SHIWA Workflow Repository
.. # Welcome # Home [ Workflows ~ s Implementations =+ Administration »  ? Documentation ~  x Log out
Find Workflows

| All Domains 4 ' subtraction | w

Workflow: SimpleWF_IntegerSubtractor | #Edt || o Detalls |
| Workflow Summary Implementation Preview (2}
Domain: Demonstration Kepler Subtract 1.0

Application: demonstration
Owner: Tamas Kukla

Group: shiwaExampleWfs
Keywords: subtraction, integer

bt g Engine: Kepler(1.0)
: Version: 1.0

DCIs: SHIWA VO
Keywords: Kepler,

Description: This workflow subtracts two integers and outputs the E:;.ai, sru U

result. The input integers are provided in text files and the result is also a D;?:‘ilpﬁon' This

t?:(t file containing the difference. This workflow serves demonstration muw orAow is executed

purposes. locally to the Kepler
_ engine.

_’E Edit
| outputs (1) ) Kepler Subtract 1.1

tememien segmen  Epgine: Kepler(1.0)

DCIs: SHIWA VO

I 26
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workflow
developer

domain
researcher

Workflow Interoperability:
CGI Usage Scenario (1)

create

migrate
execute W,

publish

import
execut
e

/ SHIWA Simulation Platform
S

Execute
native WF

SHIWA
Repository

Submission
Service /
| |

Import WF

Community

Gateway
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= | SHIWA

Workflow Interoperability:

CGIl Usage Scenario (2)
/ SHIWA SHIWA <
Portal Simulation DCls
— Platform A
SHIWA
Repository
Execute non-
native WF
SHIWA
Submission =====p Workflow
Service Engines
/
a N
researcher Import WF l . .
i xecute
import ¢
' (sm execute WFs - native WF
'\' -
g Community
PRER e .
‘ﬁ) orta community
—
\_ gateway
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sniwa
T s

workflow
developer

Workflow Interoperability:

CGIl Usage Scenario + Taverna WF

\V

Upload WF

Retrieve WF

native WF

Execute non-

SHIWA Simulation PIatform\

Execute non-

native WF

Execute non-
native WF
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'_‘;';7,;; Distributed Computing Infrastructure
Interoperability

jobs in non-JSDL jobs in JSDL

4 = A 4
N\ y, \_ !=E i
Workflow JSDL

Engine Translator

Metabroker




JELOS Usage Scenario:
Domain Researcher View

PublicAutoDock423_2012-08-24-100713
2012-5-22

@ C: iakepathireceptor pdk
| | Tallozas. .. |

receptor.pdb

SEERE L RIS

@ C: ifakepath/docking .gpf
| | Talldzas. .. i
@ : Hakepathidocking dpf

docking.gpf

HockingAp! | | Tallgzas... |
. C: iakepathligand pedb
ligand.pdh @I |_T'ﬂ|_‘§:’-§,L|
Number of work units ] 1000
Maximum number of best results i
Message:

I 0 - 381
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glsnials Usage Scenario:
Domain Researcher View

Weldcome Starage Satings End Lisar Help Imiar maion Securiy Sahistcs
W pyrade Syl Uses nnfifure
End User »

s :r.-- ront, Leodiemo b pobodied 3040716553
JRINIE :

Eatiimaticay of accommilatad poogrses: (1 /18]
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ELEF

E

Al el

o Usage Scenario:
Customised View

UNIVERSITY OF University of Wea’rmi nster ﬂlﬁ'
WESTMINSTER®  Desktop Grid Portal B 2

T R E L] Holu Ll by v bl Ml iy

Unbemen e ed Vermibyiies Jamirza G0 Mort EEESTTRST]Y
Eai i

Vink | Armdekiurgril @ Ardackbs Hee oo v
ferd rasan: el

AutoDockd - Randem bilnd docking reguiring pdb input fies

180 il il i g i e - Dl il i i B ) e e ey gl b it e e R a1 e i B ey i | 0 o B S il ke B b e g bk e § el b
sl bl rea cane e cHare e e s ke
L Rl Rt T T T T R e SR S TR TII T

| e | Ebe A

Smsapior et oaEd _”n.._...:'““""-"" L T e e P TR IR T L L

Rairaed wiop Al T gl creve ey Bl o Gk e LR R B e e TV e Tl T b T S R e T T
S i e Pl SR T e e Dy e e mhoer the Do s ) Qo Do Fa Pl e i i dod ey Srmnpppmemin B fnndne
dgene razacd Ue ) pdn _|.._,..._."='“""-"" b e o o e D gy i b il R e i

Tnrbe at by it Bewsiks b cn b e e e ey e o e = vk B el i 13

T LPERF R 1 £ e b Tk P e 2 P b A Bon oot poorm sk s et b . Dalidh e g 8

ETER T Tl ﬁaﬂbu.‘umum!:u'_uﬁrbluu.-lur.m

LESE TN

hatpe e enmtuAToin nd T PArE- poeta A TS S i s e Tere Caas | Amdiry |
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j Usage Scenario:
Customised View

Live vl o e e Al e Wl D Powiad ':. r_l:-:nng portiet

Taak Nade | [T | At E |
TaaT FIRHET = :
Fopt T BTL - b | 1w 7 Frnege | rgeeeey e b
| Aeasion foc deek Tesk 9 5H 3-08- 2051 25000

vl k] Ceal salads Shlrey B el W By L He-AkFwadr Cidk

Facapr M4e s BCEas Ggaznl Tiks

FAcapir Larpy ve LT E) (8 T THR [P re g,

Lighral Teid #0a b GBS Ligase rakads iak i GRE TR RS g

o poeses i -l 1 SzErnd |
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.. : Knowledge Transfer and Research

Community Support
Academic communities
Astrophysics PGRADE + Taverna
Computational Chemistry Galaxy + PGRADE + UNICORE
Heliophysics PGRADE + Taverna
Hydrometeorology PGRADE
Life Sciences Galaxy + Moteur + PGRADE + Taverna
Meteorology PGRADE
Material Sciences PGRADE
Particle Physics PGRADE
Seizmology Dispel4Py + PGRADE
Non-academic communities

Engineering and manufacturing SMEs
Business Process Simulation
Discrete Event Simulation
Fluid Dynamics Simulation
PGRADE
35
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= SHIWA

Creating and Executing Workflows

workflows in the repository in 2013

abstract - 123
concrete - 119
total - 242

workflows in the repository in 2016

abstract - 213
concrete - 385
total - 598

workflow execution number
SHIWA Simulation Platform

- 512 (dev) / 331 (test) / 181 (training)

Community gateways
Astro workflows - 182 (dev) / 73 (test) 203 (prod)
Compchem workflows

- 550 (dyn) / 400 (dock) / 300 (quan)
Helio workflows - 41 (prod)
Life Sciences workflows -79 (dev)/ 325 (prod)

36
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L EEEEEE—————
= sniwal

g Lo Research Community Support
| Phase 1 - introduction to the workflow technology

Platform: SHIWA Simulation Platform

Support: workflow creation and execution
Training: platform and workflow training

Phase 2 - creating and running workflows

Platform: SHIWA Simulation Platform or community portal
Support: portal deployment + workflow porting
Training:

gateway deployment and management

Phase 3 — combining workflows of different workflow systems

Platform:

SHIWA Simulation Platform + community portal
Support:

access to repository + submission service

Training: CGl training

37
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S, Architecture of the
Research Infrastructure

C;}mmunily Layar}

_____

0 | Community Nebtworki i ) ]
?-3“#1 » Ring — { b
.l i Experiment App Simulation App s i
| i
Exparimenial Chemisl . T Training Plathorm A i Computational Chemist
! |

R

¥ .
Service Layeri
i

Research Facility <———  Dala Service Infarmation Service Submission Service |
' t A & _____,I
l """""""""""""""""" Eﬁ&}'&&ﬁah}é'i&é;é'&}&‘;
Data Infrastructure Access: Compute Infrastructure Access i
e Data Transfer |-| ELUDAT B2¥ [~ Cluster 7| Cloud |1 Grd ~ HPG [
Pratecols Services Piug-in /1 Plugsin || Plugen . |_Pluge-in
N i I I
Y ¥
Data Archive Database Cluster Grid
Data Storage Data Centras Cloud Prace
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Access to the
Research Infrastructure

Science Gateway

2
, - ‘ Community Layer
Community -
Experimental [ Building ] { App ' (3R ] ‘
Chemists Development ‘é ’
Remote P App
Research [ i ] [ Marketplace
Facility Computational
Chemists
~
Local h Data Information Submissio
Rsseizla\i:c Service Service n Service
acility )
' N
Infra Access Layer ¢ \1:
[ [ Data Infrastructure J [ Compute Infrastructure ]
“ . ’ Access Access
data transfer B2x cluster cloud grid super
Experimental Pf°t°°°|5 serwces plug in plug in plug in_| computer
Chemists p"ig""
data data cluster EGI Grid
archive base Infrastructure
EGI
- da’:a Federated
storage centre
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S Access to the
g Research Infrastructure

community layer
» will offer social media type services allowing Experimental Chemists to run experiments
on remotely available research facilities.
* will provide to access to simulation applications to run simulations for Computational
Chemists.
* will also support training activities and community building.
service layer
* will connect researchers to the research facilities and e-infrastructure resources using
microservices managed by a service orchestrator.
* will provide data service that will connect Experimental and Computational Chemists
through scientific data
* Experimental Chemists will use the data service to manage experimental data while
Computational Chemists will run simulations through the submission service using the
data service.
infrastructure access layer
e computing infrastructure access service - will manage access to major computing
resources such as cloud, cluster, grid and supercomputer.
» data infrastructure access service - will manage data using different types of data
resources, such as data archives, databases, data collections, data storages using EUDAT
B2xx and MASI services, and major data transfer protocols

40

e-irfrastructure



o

£ swa Access to Cloud Resources in the
Research Infrastructure (1)

Application 1 Application 2 Application N

/
4
/

¢ p—
o~ —
o

-

Service 1 Service 2 Service 3

Service 4 Service 5

Resource requirements

Variable resource consumption
Baseline resource consumption

demand

Manually To be replaced by

. adjusted automatically

supply ) 4 adjusted supply

Cloud services




| _EEES

W

hndl, Access to Cloud Resources in the
Research Infrastructure (2)

Application
layer Appl App2 App3 App4
Infrastructure definition 1 Infrastructure definition 2

Coordination interface

Application
infrastructure
definition layer

MiCADO
Microservices discovery and execution layer

Orchestration
layer

Monitoring
Security

Microservices coordination logic layer

Access control
Trustworthiness
Data privacy
Data consistency

Cloud interface

Cloud interface
layer Cloud access API (direct cloud APIs or CloudBroker API)

Cloud | Worker node 1 Worker node 2 Worker node N
oud instance

Iayer Contai Contai Contai Contai Contai Contai Contai Contai Contai
ner ner ner ner ner ner ner ner ner
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(SHiwa s Data Flows in the
Research Infrastructure

ELEF

| Experimental Research Infrastructure " DataMetadata!
i |
| Synchratron LIWivis MR Lazar HPLE B
i - =
! | >
|
| Raw Expenmental Data Expenmental Data
ARy o S e B P e A S R e L A S B E A
S‘Imll:la-.u:Ii:ﬂclﬁ.lnullﬁfi:m
Experimental Diata with Metadata - -
l E
[leratian - Raefinameant Annolaled Exparimental Dala
> Simulations o

""""/"//f/'\\' """""""""" Simutation Results]
R

Gecmeiry ﬂpﬂmizatlbn i Fotential Energy Surfaces Dyynamics Treatment }l

-
A ¥ T | &
I = i
Transition States Minimum Enargy Paths Rate Coefficients | Simuation Dats
1
Eﬂandardiaed}nnntatinn ‘
Simulation Data with Metadata - ,:; =
/ \ fsnnciatest Simualation Cala
Oplirmizaticn . Experimantal Dasign
Mechanisms +—— Theorams —
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sniwa

Questions?

| EEEE
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