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MMM@HPC project overview

www.multiscale-modelling.eu

= HPC centres: CINECA, CSC, KIT and
KIST (Korea)

= Modelling and code developing
groups: University Mons, CEA, CSC,
STFC, University Patras, KIT

= Industrial partners and users: CEA,
SONY, KIT, project MINOTOR

= Cooperating projects: PRACE,
MINOTOR, D-Grid and NGI-DE

L]
Science & Technology %", 7
@ Facilities Cou cl %

PRACE
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The challenges

length
— Continuum model Reusability
CSC
Coarse-grained model
KIT, UPA
) Atomistic model Data complexity
STFC
nm 4. | @M-model . . .
CEa L mons Solution for licensing
issues

ps ns MS ms s time

= |Integration on different size and time scales Security & Reliability

to address real-life problems in nano-
materials science

= Develop an easy to use solution for non- Capacity & Capability
experts: industrial and experimental groups
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Integration Concept: UNICORE

= Provision of simulation tools and

. . . Application Protocols
serV|ce§ that can be.cor.nbmed in > Workflows
many different application — e—

Application interfaces
workflows — GridBeans

= Adaptable, reusable and
extendable interfaces & workflows
based on UNICORE

= Access to distributed HPC/HTC
resources via UNICORE services

UNICORE Services
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MOPAC GridBean

For 3l =8

Job name: [MOPAC2009 |

License | Parameter rStructures |

I - % I = 0|
Imports to job directory: p— || =5
MName Source Type SourceFile(s) File(s) in Job Directory
INPUT  Local File input.sif input.sif lob Properties: Selected Target System:
|AM1 EF GNORM=0.01 NOINTER — -
Use Property Value  Unit Descrip (& Grid
. a
Tl s []  Total number of CPUs 1 Total ni Gam CSCMMM csc
Predefined keyword sets [] Mumber of nodes 1 Total ni . ﬂ @
|AM1 Opt EF GNORM=001 | v | L) CPUspernode 32 Numbe .2 PRACE
: [] Ram ?er node 256 Msytes Mlmrln.: IE’J CINECA-PLX
| Add | | Rermowve | [ walltime a0 minutes  Require
O Qs linux Installe:
[[] Optimize Geometry [[]  CPU Architecture «B6_64 Require
Exports from job directory: []  Remotelogin Login n
[ Motification email Email a
Mame File(s) in Job Directory  Destination Type  File(s|
QUTPUT output.sif Mone
STAMDARD _ERROR  stderr MNone
ERRLOG errorlog Nene
STAMDARD_OUT stdout MNone

Input |Fil5 |Valiabl5 Resources

Filter automatically

Filter now

€| m ) 3 [

|Input | Files | Variables |
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Application flow: Example

=10l x|

UNICORE Rich Client
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Ciaka Flow

|7 Filez |_ Stringz

E coard,crl [ Floats [ Integers
. B[ PovChem = Applications £
Elﬂ fzj-juggle
Egﬂ fzj-juggle_TargetSystem @Blender v0.3

| Fzj-juggle_TargetSystem Home

- Jobs Deposit v1.0
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Eg}] fzk-opus_TargetSystem @ Genetic v2.2

| Fzk-opus_TargetSystem Home

- Jobs
ﬂ . MOPAC2009 «1.0
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@ TargetSystemFactoryServicerres=default_target_swstem_factory [ Structures £
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Data flow: Example

UNICORE Rich Client
Eile Edit ‘Window Help

J [m] 3
| ||J0 LGRS = S i ) BT
+ UNICORE
+ Grid Browser] @
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Elan CINECA
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== Tools
] Select
gl Workflow engine CINECA-WORKFLOW@grid. cineca.it [é
& workflows
= CINECA-PLY

b

Control Flow

Ciata Flow

|7 Files I_ Strings
|_ Floats I_ Integers

= Applications
d‘«‘ Workflow engine Workflow@dgrid-unic, Fz-juelich,de

Turbarnalel
£r)
@ Blender +0,3
25 DGIREF_SCC
ﬂ fzj-juggle Deposit v1.0
ﬂ fzk-opus
@ TargetSyskemFactoryServicefres=default_target_systern_Factory Genetic v2.2 -
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OLED: architecture and modelling tools

macroscopic scale molecular scale electronic scale
~10%m ~108m ~101%m

continuum model | coarse-grained model | Atomistic model | QM model
(FEA) (elc) (MM) (Qm)

ToFeT (KMC) DEPOSIT MOPAC
FEAP End-bridging MC LAMMPS TURBOMOLE
Transporter
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OLED: simulation protocol for charge transport in @@HPC

Alg3 disordered films

= Film deposition (or MD)

= Generate disordered film
morphologies

QM calculations of hopping sites

= (Calculate HOMO, LUMO,
LUMO+1 etc energies.

= Electronic couplings
reorganization energies

= Calculate charge hopping rates
Kinetic Monte Carlo (KMC)

A~ = Calculate charge
N7 J. ). Kwiatkowski, J. Nelson, H. Li, (electron-hole) mobility
n129 J. L. Bredas, W. Wenzel, and C. = Caleul g )
Lennartz, Phys. Chem. Chem. Phys., alculate current density

2008, 10, 1852-1858.
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Application Input/Output files

mmtk Settings.py  coord control
MOPAC DEPOSIT TURBOMOLE OpenBabel
energy gradient * Structure
Program Parameters

Output
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Application Input/Output files

mop mmtk Settings.py  coord control *

MOPAC DEPOSIT TURBOMOLE OpenBabel
out pdb energy gradient * Structure

Program Parameters

How to concatenate these applications? Output
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Data exchange between applications

= Structure Data exchange format: Chemical Markup
Language (CML)
= is the de facto XML for chemistry

= Extendable with additional domain specific attributes (charges,
temperature, density) in CML dictionaries

= Data flow management with the OpenMolIGRID library

S. Sild et al., LNCS 3470, 464, Springer (2005); S. Sild et al., J. Chem. Inf. Model., 46, 953 (2006).
= Read, write and convert chemical file format

= Provides a data model for molecular information
= Application Wrapper API

= Open Babel

= Read, write and convert chemical file format
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OpenMoIGRID

25/05/2012

CMLWriter CMLReader
-id
X
-
-Z
-sigmabonds
CSystem -element e
PdbReader Mector=CStructurnes -formalChange
-partialCharge
1 1
+ 1 CBond
TURBOMOLEParser -type
-glgenvalues CStructune '“te"'é‘;
-atom
el B iy Vector<CAtom> toma
-Vector<CBond>
-Treefap attribubes ¥
-id
MopacParser category 1
-sigenvalues -narme StructurePair
-finalGeometry -inchi _structurel
-structure?
1
1
*
CenterOfiass ApplicationWropper winterfacen
-structure StreamReaderHandler
x MopacinputWriter| | MmtkDatabaseWriter preprocess() FstringRead)
v ecuted)
-z tprocess|) .
#startWrapper() 1
StreamReaderRunnable
wenumeration: Process\Wrapper
DistanceCalculatar CenterOfMassCalculator AtomDatabase
] +notifyHandlers()
: +execute()
Tl
+caloulateDistance]) +calculatesCenterOfhiass]) +getStdout])
+getstderr])
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Application
-Parameter

Application
-Parameter

1. Preprocessing
N

GridBean e UNICORE/X <. Application- |

Input,sIf

use OMG 15 ——2/  Wrapper Application
use OMG Lib
- : 2. Execution
i Output.cml
App.out

UNICORE Rich Client UNICORE Server

Application Wrapper Lifecycle

1. Preprocessing: Validation of App. Parameter, Generation of App. specific Input Files

2. Execution: Run App(s) in seperate Process(es), Monitoring of stdout/stderr (allows
interaction with the application)

3. Postprocessing: Error Handling, Parsing App Output, Creation of Workflow Data
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GridBean GridBean GridBean GridBean
cml Variables cml Variables cml Variables * Variables

TURBOMOLE OpenBabel

MOPA{;. :rapper - :,;rappermntml Wrafper
TURBONMOLE OpenBabel

cml out.dat cml

-
energy gradient .
Program Parameters

With CML and Application Wrapper!
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OLED Workflow

1 Molecule CML
QM: Geometry v
Optimization MOPAC GridBean
\ 2
MM: Film depostion ‘l, ML
2 DEPOSIT GridBean
MM: Determination of Molecules l' -
Site pairs :
BABEL GridBean

v

QM: Calculation of
Hopping Sites

‘l' e

Pairfinder GridBean

CML || fffff]
‘I' Pair

QM Batch GridBean

mobility l
CML
u Edge I

FEA: Calculate Current Reducer GridBean
Density @ -

CG: Compute Charge

Simulation protoco

UNICORE Workflow

Edge
S
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UNICORE Workflow

= Tools
[= Applications 4
Blender v0.3

Generic v2.2

-/

OpenBabel v1.0
=i
** Pairfinder v1.0
*t Talmse s lagacl

PairwiseQmMopac
*' v1.0

POVRay v36

tyl &
Deposit v1.0 Twsazen: 5
MORACL /
Operinaeil

Script v2.2

il| G
E
A

* Turbomalevl.0 EeigeTaducar
i
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Calculation of Hopping Sites

A deposition film has 1.000 — 1.000.000 Hopping Site candidates (Molecule Pairs)
Each Hopping Site needs 3 QM calculations (2 Monomers and 1 Dimer)

QM-Batch Jobs Pairfinder GridBean Pairfinder GridBean
* Short QM calculations (~ 0.5 - 5 min)

* Each Pair file: includes n Molecule Pairs EI

i 'n* i CML . imer Mono
Each Job: n 3QM calcu.latlons || Pair I D o
* Less Jobs: Minimize service overhead

* Each QM Code needs additional GridBeans &
Wrapper

For each File Pair For each File Monomer and Dimer

QM Batch GridBean QM GridBean

QM-Single Jobs
* Long QM calculation (30 min +) m F.l
* Each Job: one QM calculation - _EE’_E_?_ __B_"‘_{'_.
* Many Jobs & Files

* Reuse of QM GridBeans
* Each QM Code needs a special Reducer

Reducer GridBean Reducer GridBean
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Sharing the Workflow

1) Workflow Project
= : FHFs - e = ‘W - e
T Mavigator &9 | Keystore | #E Truststore | ## Client Log 8 s \ Vs
e | =N .om ‘ . M
[ DemoWorkflowBrussel / B
[ ExampleWorkflow # CEJ;QEQ%\
4 OledWaorkflow / 2
[ [ input files smm
[+ E? jﬂ‘bs *Tuvbomo\evlﬂ ”W
[ = submitted

e owion 2. GridBeans in MMM @HPC Update Site

OledWorlkflow.view

[ UMICORE ternporary Files MMM@HPC
Update Site

| OLED Workflow Feature |

IMol-Plugin | OpenMolGrid-Plugin

| GridBean-Plugin | CDK-Plugin

MOPAC-GridBean ‘ | DEPOSIT-GridBean | | ToFeT-GridBean

OM-Reducer-GridBean Pairfinder-GridBean
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Conclusions and Outlook

With UNICORE we provide an optimal low-effort/low-cost solution for
multiscale modelling

GridBeans - App Interfaces
Workflows - Simulation protocol

Data Exchange in WFs between applications handled with CML,
Open Babel and OpenMolGRID

Different approaches on the calculation of Hopping Sites

Current work

Integration of the CG and FEA steps into the OLED Workflow
Elmer, DL_POLY and BigDFT GridBeans
Simulation of whole OLED devices

Workflows for Molecular Electronics, Carbon Molecular Devices and Li-
lon Batteries
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