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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
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Infrastructures Infrastructures
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Infrastructures Infrastructures
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Related Work Approaches and the role of OGSA
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Concrete

[11] OASIS Reference Model for SOAs, 200

: -

Reference
Model

judec by

Relevant Factors Indicators OGSA
(a) Service based (1) Service Oriented Archtecture (SOA)-
(Reference Model) based design for a distributed system Yes

(2) Entities offer service interfaces Yes

(3) Clear unique service semantics Yes
(b} e-5cience Context (4) Focussed on scientific use cases No
(Reference Model) (5) Grid execution management elements Yes

(6) Grid data management elements Yes

(7) Grid security elements Yes

(8) Grid information elements Yes
(c) Specified relationships (9) Information and Compute No
between different (10) Information and Data No
relevant functional areas (11) Security and Compute No
(Reference Model) (12) Security and Data No

(13) Information and Security No

(14) Compute and Data No
{d) Details for implementation (15) Based on concrete Web services (W 5)-
(Reference Architecture) based Achitecture as SOA implementation  Yes

(16) Concrete specifications with portTypes

(e.g. Operations) are referenced No

(17) Invariants and constraints for the use of

information and security data exists No
{e) Realistically implementable (18) WNumber of core service entities is
(Reference Architecture) lower than 5 (not too broad model) Mo

{19) Definition of core entities that must

be in place to form an infrastructure Mo

(20) Used normative specifications are

already defined and publicly available No

(21) Project that implements core entities

and relationships (funding exists) Nao
() Standards based (22) Based on normative standard
(Reference Architecture) specifications Nao

(23) Specifications from real SDO Nao

(24) No break of existing established

standard specifications No
(g) Adoption in e-Science (25) EGEE / EGI technologies Mo
production technologies (26) DEISA / PRACE technologies Nao
(Derived Concrete Architectures) [ (27) Production middleware systems

(e.g. ARC, gLite, Globus, UNICORE) No

[10] Riedel et al., Requirements of an e-Science Infrastructure Interoperability Reference Model, 2011
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Lessons learned from ISO/OSI and TCP/IP

ISO / OSI Reference Model...= huge and rather theoretical impact only

TCP/IP Reference Model...~> Worldwide Internet Success and Impact

« ...the much more succesful history of the TCP/IP model was quite reverse to the ISO OSI
model. The protocols came first, and the model was really just a description of the existing
Protocols’

« ‘... good software engineering practice requires differentiating between the specification and its
implementation, something that OSI does very carefully, and TCP/IP does not’

« ’... TCP/IP model is not at all general and is poorly suited to desribing any protocol stack other
than TCP/IP

« ’... first implementations of TCP/IP was part of Berkeley UNIX and was quite good (not to
mention, free). People began using it quickly, which led to a large user community, which led to
improvements, which led to an even larger community.’

[12] A. S. Tanenbaum. Computer Networks, 2002
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Related Work & Reference Model Factors

Relevant Factors OGSA EGA CSA RM-ODP CCA CPN
(a) Service based yes yes yes  no yes  no
(Reference Model)

(b) e-Science Context yes no no no no yes
(Reference Model)

(c) Specified relationships between no no no no no no
different relevant functional areas

(Reference Model)

(d) Details for implementation no no yes  No no no
(Reference Architecture)

(e) Realistically implementable no no no no yes  no
(Reference Architecture)

(f) Standards based no no yes  yes no no
(Reference Architecture)

(g) Adoption in e-Science no no no no no no

production technologies
(Derived Concrete Architectures)

[3] Riedel, e-Science Infrastructure Interoperability Guide — The seven steps towards interoperability in e-science, 2010
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Related Work & Tranformation Logic & Standards

‘J |7 Neutral Protocol /_{/LProtDculA J LProtocoiB J LProtocoIn

Gateway Implementation

| Neutral Bridge Implementation |

ProtocolA ‘

icol A Protocol B Protocol n
Middleware A Grid Grid

ﬂ Middleware B | Middleware n |

|7 A S

Grid type
A

Client Layer

Client Layer Appi / Gateway Approach
Today's \
Standard Protocols m
W B % 2AClient || Grid Middleware B Client | | Grid Middleware C Client
Protocol A .

: Grld Gnd A ProtocolBJ Protocol C J
g | MiddlewareA | Middleware B |

rare A U‘ Grid Middleware B L Grid Middleware C

Ly LY

/

Protocol A

[ Y 4
Grid ’
Middleware A

Grid

Middlewar ri e Ressource Management System (RMS)
Grid type i Grid type G d typ G d
B rl pE One ressource (i.e. Cluster) in the Grid

Mediator Approach Adapter Approach Middleware Co-Existence

[1] Riedel et al., Research Advances by using Interoperable e-Science Infrastructures, 2009
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Seven steps Process and Associated Reference Model

'y -
Abstract
Reference
10 1 ] o Client
Scientific Gateway / Portal Layer
] ws [ ws ws
- Web
] - OGSA-BES + AX WS-DAI+ AX SRM + AX Gt
d L. Interface ™ LB ool Interface o Interface (nie=
3 Layer
. | Data
BytelO Transfer
Interface Layer
A _ j n JSDL + AX WS-DAI & SRM + AX Processing
Processing l Processing Layer
Concrete E:
Common Attributes (FQAN + AX) Authorization
- . .
Concr d
] Common Schema GLUE2 + AX Information
e E e I ssssesiissanss ey

e 2 e UR+ AX Compute Ressource UR+ AX Resource
Tracking Management System Tracking Layer

[ 2

Security - Attribute-based Autharization (WS-Security with SAML & X.509)

Information—Common Schema {GLUE2)
Security - Authentication (TLS & X.509)

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

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

sy for
EouHiation nithtve

SIENA European Roadmap
on Grid and Cloud Standards BrisrE S
for e-Science and Beyond




Infrastructure Interoperability Reference

#) 0LICH

FORSCHUNGSZENTRUM

Model (IIRM)

T Prawy Chain

Client
ientifi | ‘ ientifi i JSDL Creation Enti Grid
| Scientific Gateway / Portal I Layer [’EE . ]-—)[ H % t ity ] o
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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
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IIRM Global Information Invariant

[@2 Scientific Gateway (client for OGSA-BES and SRM interface) (—)[ 2} & Ejg;p‘:re::m:nir:;] Scientific
x £ Clients
" R
OO0 000 OO OSSOSO .‘ ...Qq C I B BN BN B BN BN BN BN BN BN BN BN BN BN B NN S0 0000000
:.. l. .. GLUE2-based
(JSDL + 4X) based job | | exposes | Initiate data transfers between storages i.nvariant.constraim
submits re-using GLUE2 | 1GLUE2  y _ using GLUE?Z storage information .~ for information exchange
—_— === 1 .
Interoperable

[ u DEISA / PRACE ] [;’, 'L [ EGEE/EGI e-Science
dlig
T Infrastructures

v
\
OGSA BES nformatlon !o;!;:":ﬁ::rz Information n SRM Network of
Interface Provider S (e.g. LDAP) Provider [ |S:5%Interface lnterop.erable
. K services
L o Information System Data Systemy Lo
| I
manages jobs' GLUE2 1 GLUE2 manages data
- entity entity [ —
: i ! I
- =
GLUE2 Entity GLUE2 Entity = e-Science
" - B8 nfrastructure
D
TotalPhysicalCPUs FreeSize i Resources
=294912 =1.400 GB - A For
[.] [.] ' computation
i i and storage
HPC-based Grid resowce Resource Information Resource Information g

Legend: 'CPUS/ cores %compute jobs a component  $¥ standard D JSDL . GLUE2 i Data

[13] Riedel et al., e-Science Infrastructure Integration Invariants to Enable HTC and HPC Interoperability Applications
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lIRM Global Accounting Invariant
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[13] Riedel et al., e-Science Infrastructure Integration Invariants to Enable HTC and HPC Interoperability Applications
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IIRM Global Authorization Attributes Invariant
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[13] Riedel et al., e-Science Infrastructure Integration Invariants to Enable HTC and HPC Interoperability Applications
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Derived Concrete Architectures and Implementations

| Scientific Gateway / Portal

I Client
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ws BytelO § HTTP GridFTP ws ws
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Policy Entity
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Policy Entity
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Information Provider
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Security - Attribute-based Authorization (WS-Security with SAML & X.509)
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L L1 L
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[1] Riedel et al., Research Advances by using
Interoperable e-Science Infrastructures, 2009
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Academic & Practical Field Studies

Begin
[3] Riedel e-science Begin GridInformationProvisioning
4 Grid Information Providers (GIPs) publish pieces of 5
£ t: about 3 T £ HPC d HTC
lnfl’astl'ucture En:ln ormation ut infrastructures ( an resources)
Interoperability Guide — The sclencevorkflowrinished = false QT?_‘D?Ve"
ications
seven steps Wﬂééﬂglxis;iil;::;k flewfinished) pp
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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 15
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Invariants in e-Science Application Context

Scientific Gateway (client for OGSA-BES and SRM interface;

client for VOMS; client for corresponding used information service, e.g. LDAP)
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[13] Riedel et al., e-Science Infrastructure Integration Invariants to Enable HTC and HPC Interoperability Applications
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= |nfrastructure Interop Reference Model

Standards-based entities and
relationships with ‘required refinements’

Cp: ISO/OSI - TCP/IP, SGML -»> XML

Bottom line;: OGSA - |[IRM

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

Addresses ‘operational interoperability’
and ‘sustained interoperation’ issues

= Accompanying Case Studies

Practical field tests & reference

implementations of IIRM concepts 7
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