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e-Science Infrastructures

e-science
multi-disciplinary —
new kinds of collaboration in
key areas of science

Science — scientific innovation —
understanding of earth fundamentals

Pillarl. Pillar 11 Pillarll.
Theory Computational Experiment
(models) Techniques

(simulation)

Enhanced
Science
(e-science)

traditional
Scientific
computing
with known
computational
techniques

Next Generation Infrastructures
(Data + KnowHow + Resource Sharing
+well interconnected resources)

e-science
infrastructures

[1] Riedel et al., Research Advances by using
Interoperable e-Science Infrastructures, 2009
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Name Country/Continent /Region
APAC Australia,
D-Grid Germany
DEISA Europe
EGEE Furope
NAREGI Japan
NDGF Nordic Region
NGS United Kingdom
OSG USA
PRAGMA  Pacific Region
TeraGrid USA
[8] Riedel and E. Laure et al., Interoperation of
World-Wide Production e-Science
Infrastructures, 2009
- gLite Globus Toolkit UNICORE ARC NAREGI NGS
Security X.509 X.500 X509 X509 X509 X509
VOMS VOMS VOMS VOMS VOMS VOMS
SAML SAML SAML SAML SAML
XACML XACML XACML XACML  XACML
Information GLUE GLUE GLUE2 GLUE2 CIM GLUE
Systems XML XML XML XML SQL XML
Accounting RUS/UR RUS/UR RUS/UR RUS/UR RUS/UR
Job Management BES BES BES BES BES
JSDL JSDL JSDL JSDL JSDL JSDL
DRMAA DRMAA DRMAA DRMAA
Data Managment GridFTP GridFTP GridFTP  GridFTP  GridFTP
SRM2.2 DAIS BytelO SRM2.2 GFS DATS
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Problem Space & Motivation
[1] Riedel et al., Research Advances by using Interoperable e-Science Infrastructures, 2009
. Enhanced
multi-disciplinary — Sclence

(e-science)
new kinds of collaboration in

key areas of science Pillar 1. Pillar 111 Pillar 11
Science — scientific innovation —
understanding of earth fundamentals traditional DEISA
Scientific TeraGrid Others... HPC-driven
computing (UNICORE) (Globus) infrastructures
Pillarl. Pillar . Pillarll. with known
Theory Computational Experiment computational
(models) Techniques techniques Hybnd
imulati - i
{simulation) NGS (OMII-UK) infrastructures
Next Generation Infrastructures e-science HTC—driven
(Data + KnowHow + Resource Sharing infrastructures .
+ well interconnected resources) mfrastructures

[2] Riedel et al., Towards Individually Formed Computing Infrastructures, 2010

Middleware Services in EGEE Middleware Services in 0SG
Middleware Services in EGEE Middleware Services in 0SG
(T m_ O o

Traditionally Traditionally
HTC-C.I‘HVEF] a [ ] HTC-driven
e-Science e-Science
Infrastructures Infrastructures
g
ol
v. ‘n' -
)
- (i (i)
Traditionally Traditionally
HPC-driven HPC-driven
e-Science e-Science
Infrastructures Infrastructures
Middleware Services in DEISA Middleware Services in TeraGrid Middleware Services in DEISA / Middleware Services in TeraGrid
Legend: i Data Resource [ Compute Resource [l Services in middleware == = = fferent coupiings Legend: i Data Resource [ Compute Resource [l Services in middieware e =

T Inadwidual infrastructures
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[ 4
Grid ’
Middleware A
Grid type
A

Client Layer Approach

Client of Middleware A

/_{/L Protocol A

Mediator Implementation

Protocol A Protocol B

L Y 4
Grid ’
Middleware A

Grid Grid
Middleware B Middleware

Grid type
A

Grid type
B

Grid type
c

Mediator Approach

Protocol B
[l 2020 4
(sses ]
Middleware B
Grid type
B

Related Work & Tranformation Logic Criteria

Neutral Client

J L Neutral Protocol

Neutral Bridge Implementation

| d——
protocol A or schema A

protocol B® or schema B’
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Client of Middleware A l Client of Middleware B ! Client of Middleware n I
/_{/LProtoculA J LProtoco\ B J LProtocoI n

Gateway Implementation

Protocol B

[ v 4
Middleware A Middleware B Middleware n

Grid type / / Grid type / / Grid type /
A B n

Gateway Approach

Grid Middleware A Client || Grid Middleware B Client | | Grid Middleware C Client

Protocol A J ProtocoIBJ Protocol C J

‘ Grid Middleware A U‘ Grid Middleware B U Grid Middleware C

Adapter Approach

[1] Riedel et al., Research Advances by using Interoperable e-Science Infrastructures, 2009

V
Ressource Management System (RMS)
One ressource (i.e. Cluster) in the Grid
Middleware Co-Existence
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Related Work & Reference Model Metrics

Macro (System feve)) |
f Quality of Service |

»Business value Datacenter Customers

>User/Usability 2

focused Y L
Enterprise Scientific IDL

»Services orienti Apphcations

>Virtualizations  (Saryices) T

»Standards base

»Lower variabilit
| Component 1

»High variability
¥ Locally manage Grid

Jeb Finishedlob

i S

""" Relevant Factors OGSA EGA CAA CSA CPN

0Gs  Service based yes yes yes yes  no
e-Science Context yes no yes  no yes
Detailed enough no no yes yes  no
Realistically implementable no no yes  No no
Standards based yes yes yes yes no
Adoption in e-Science no no no no no
production technologies
Relationships between no yes  no yes  no

functional areas

[3] Riedel, e-Science Infrastructure Interoperability Guide — The seven steps towards interoperability in e-science, 2010




Contributions in a nutshell

Information—Common Schema (GLUE2)

[3] Riedel, e-Science Infrastructure
Interoperability Guide — The seven steps
towards interoperability in e-science, 2010

Security - Authentication (TLS & X.509)

Security - Attribute-based Authorization (WS-Security with SAML & X.509)
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—— = Client
cientific Gateway / Porta Layer
ws BytelO ws ws
4 ¥ 4 Web
2 2
OGSA-BES + AX WS-DAI+ AX SRM + AX G
Interface Interface - Interface ice
7'y Layer
Data
BytelO Transfer
Interface Layer
A y
JSDL + AX WS-DAI & SRM + AX Processing
Processing l Processing Layer
A4 v A
XACML __ Commeisli ibutes (FOAN + AX) XACML uthorization
Policy Entity Policy Entity Layer
Common Schema GLUE2 + AX GLUED + AX \ Information

.......... etessectecinasatnaane

UR+ AX
Tracking

J-

Compute Ressource
Management System

Information Provider

[

UR+ AX
Tracking

Layer

Resource
Layer

[1] Riedel et al., Research Advances by using
Interoperable e-Science Infrastructures, 2009




Infrastructure Interoperability Reference
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[8] Riedel et al, Concepts and Design of an
Interoperability Reference Model for Scientific- and
Grid Computing Infrastructures
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[2] Riedel et al., Towards Individually
Formed Computing Infrastructures, 2010




Academic & Practical Field Studies

Scientific-specific client WISDOM GridSphere Portal

One Client
to access all

Infrastructures

Infrastructure Interoperability Reference Model Set of Standards

Implemented
Standards

[3] Riedel, e-Science
Infrastructure

seven steps

science, 2010

Interoperability Guide — The

towards interoperability in e-

AutoDock,
FlexX (docking)

-

Intermediate
Results (data)

Scientific-specificclient Application Hosting Environment

Infrastructure Interoperability Reference Model Set of Standards

EGEE Resources

=

EGEE Storages

Pressure Field
(low-scale)

Pressura Field
(high-scale)

Ve

[4] Riedel et al.,
Improving e-Science with
Interoperability of the e-
Infrastructures EGEE and
DEISA, 2008

NG3 Resources DEISA Resources

Terat

[5] Riedel et al., Exploring the
Potential of Using Multiple e-
Science Infrastructures with
Emerging Open Standards-
based e-Health Research Tools
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Begin

Begin GridInformationProvisioning
Grid Information Providers (GIPs) publish pieces of
information about infrastructures (HPC and HTC resources)
End

scienceworkflowfinished = false

WHILE (sciencework [lowfinished)
Begin Brokering

End-user uses client technology (CT) and performs application setup
and defines HPC or HTC requirements for neXxt SCIentific Workflow Step
Compute resource (CR) of corresponding HPC and HTC infrastructure is

found based on the information exposed by GIPs
End

Begin JobSubmitToResource
If CR.type is HIC then
End-user of CT submits HTC job to a HTC resource
using middleware MA of the corresponding infrastructure IA
End If
If CR.type is HPC then
End-user of CT submits HPC job to a HPC resource
using middleware MB of the corresponding infrastructure IB

End If
: End
One Client
Begin AnalysisScienceComplete
to access all If end-user need no further computing then
scienceworkflowfinished = true
Infrastructures Ena
End While
End
Implemented
Standards
H 3
,Design Pattern
1 Niffaramt
[Dg Scientific Client { implemented using NX technology) ](—)[ 'Q NX CIientTechr\ology ] C_;n'd
Clients
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KEPLER Workflow Technology )
#% NX Server Technology ] Community
[9 KEPLER Actors ](—)[ Submission lerary] Kg:rtff
[Q Resource Allocation Server (RAS) Service =) Web service dlient classes using Fusion
- < improved open standards like Community
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i Toolkit (GLUE2 = AZ) Server
[————-—-—-—-—-—-—-—-—-—=---= ————— -
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e me EGEE /EGI DEISA/ PRACE
[L Slly ] [ “‘! ] Infrastructures
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glLite Middleware CREAM UNICORE Middleware
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[6] M.S. Memon & Riedel et al., Lessons learned from jointly using
HTC- and HPC-driven e-science infrastructures in Fusion Science
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Summary & Conclusions

- — Crent

= |nfrastructure Reference Model

= Standards-based entities and
relationships with ‘required refinements’

= Cp: ISO/OSI - TCP/IP, SGML - XML
= Bottom line: OGSA - IIRM

= Applied research and impact on real e-
science Infrastructures (EGI/PRACE)

= Roadmap of EMI developments

= Numerous standards improvements
based on lessons learned & experience

= Seven steps process towards e-Science

—— Infrastructure Interoperability
L e ] i . ‘ ' ' ility’
— : Addresses ‘operational interoperability
& L= "‘i“[ s }i and ‘sustained interoperation’ issues

o u B e
——: v | P & =  Accompanying Case Studies

= [ ] [ e——= = Practical field tests & reference

implementations of IIRM concepts
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