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MolDynGrid Virtual Laboratory

d Has been established in 2008 for interdisciplinary studies in computational
structural biology and bioinformatics, especially for molecular dynamics
(MD) simulations of biological macromolecules and their complexes.

Size: 18GB
Computing time: 7 days @32 Gflops
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MD Simulation Needs

d Resources to compute and store massive set of trajectories for further

analyses
[ End-users are biologists that don’t have an experience with HPC and Grid

computing

i
QWE=
CPUs: 360

n
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MolDynGrid Current Infrastructure

J Own production ARC CE (UA-IMBG) for
computations and development

1 Other most powerful CEs in Ukraine for
production computing

J 80TB(own)+20TB grid-storage
(d MD trajectories database

1 Jobs data stage-in and stage-out
J MolDynSub CLI for jobs submission

J Web Portal for job submission and
monitoring
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MolDynGrid Web Portal

L The first step towards the automation of MD computations in GROMACS for
MolDynGrid objects back to 2009

| ﬁulnmlnl Hasuanms Pnupnyum(l Kepysanna | Ananis

Pecypcu

« lonawka cropiska
VipaiHCikuit akanemiuHmi Mpia
Tpia-isbpactpykypa  ana
QCBITHIX yCTaHoE Yipaiin

« OBuHcnKEAnsH KnacTeph
Tpia-HokTop
®opym B MolDynGrid

HaYKoBI

Ta

Kopuchi nocunaHus

s PDB

» NDB
MolMovDB
Dynameomics

BHKOPHCTaHHA Npolecopis

Pobioua rpyna

Incrpyii

Kapra caiiry

BipTyansa naSopatopia MolDynGrid creopena y eepecki 2008 p. And BMPIWEHHA 3a1ay B rany3ax CTpykTypHoi Gionori i Gioikcopreaiac, A
NOTPEBYIOTE SHAYKKK EVTPAT MALLMHHOTO “acy Ta OMEpYITb senvkni of'eramy ispoprauil. MeTa cTeoperks BO nomAras & pospoSui edertisroi
iHpacTpyKkTYp AnA N i
KOMAREKCIE) ¥ BOARO-IOHHOMY 0TOUEHHI B YacoBOMY IKTEpEanl A0 100 K. MolDynGrid £ YacTikOK NPOEKTY PO3BMTKY MPia-cermerTy HalioRanskol akanemi

in silico

i awwianike (MI) Bionoriukie: Makpotonekyn (Sinkie, WykneiHOBI KMCHOT Ta ik

wayK Yipaiii 3 oBuMCIOBAnkHMY KNACTEpaMK KWiBCHOrD HALiDHaNbHOM yrisepcHTeTy imeri Tapaca Weewerka, IncrvTyTie monexynsproi Bionoril i
reveTiit (IMSIT), Ta iv. BuopicTants pecypcs BO MolDynGrid € EinoHin Ta GE3KDWTORHA 07A 3APEECTPOBAHY “NeHEE 33 yMOEK AOTDHMAHKR NPaEWn
KOPHETYBaHE.

FKWO BN 3aFMAETECH AoCTiKeRHAMM B rany3i SioipbopaTIK | BaKaTe NPALKEATH & spTyanskill naBopaTopii, oIHaMOMTEC 3 HaBEneHMMM
IKCTPYKLIRMM ARG OTPUMAHHA AOCTYNY A0 3axMlleHix BRokis nopTany.

By HoBuuK:

Yuacts MolDynGrid VL s
Community Forum 2015 |

Casmupiani 0.B. i G
npiFHANK y4acTs Ha EGL Col
2015, 10-13 Auctonaza 20
S creaosol i yosoio
Otpirara ditiancoea niary
Engage (EU Horizon 2020,
654142).

Yuacts MolDynGrid VL 1z
yKpaiticskoro G
ToBapwcrsa (28 May 2015

Hayroey pofioTy 3 erkop
cepeicie MolDynGrid VL npe
VI 3Bai ywpainceroro
ToeapucTea, 28-30 Tpasks
Ceffaze, Vkpaka.  Casi
HaropogXEHo  JlMnnoMoM
HAYKOEY 40N0EWE.

Yuactb MolDynGrid VL 1
Conference 2015 (18 May
MolDynGrid VL npeacra
Conference 2015, 18-22
TicaSor, Mopryrania (cex
accelerated computing).

Onosnenna obumcniosar
cinagoeoi (10 Mar 2015)
Knacrep IMET kanisye 36
Afep, nposegeHa  zami
Gesnepebiiiorn xueneris

MolDynGrid Digest Ne1 (¢

Nobawte o nep
iiopraLiioro sickika Mol
Wo MiCTHTS ocTarKi KoBKE
naSopatopii 3a Gepesers
POKY.

© Biasin Ginwosoi ircerepiii GioindopraT

@ NabopaTopia napanensHin ofum
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Submission via old ARC CLI

Job status pulled from ARC
Infosys

Monitoring interface
Trajectories Database with links
to computation results
Available at
https://moldyngrid.org
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MolDynSub CLI

Version<=2.1 Version 3.x
 Legacy ARC submissiononly ¢ New modular design
e GROMACS MD oriented * Different software modules

e Old portal backend * Different infrastructures
modules (Legacy ARC, ARC
EMI-ES, Rainbow support)

* Different portal backends

— new MolDynGrid portal backend
with REST push notifications

— old backend for backward
compatibility
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Different software needs for MD analyses

[ Several versions of computational software
 Including additional force-field builds
1 Additional analysis tools
d Quantum chemistry modules

 All versions need to be compiled for each of the heterogeneous resources

that run different operating systems

By yaifiwn s Andrii Salnikov

b B You are logged in as Andrii Salnikov

Virtual Lak . 1y
Virtual Lab |

Cneyudikauia napamerpis MDP-gdaiinis:
Nocrasosa sasaanis Snbic i nopomery 9 | Home | study | calcuation | Management | Analysis | Resuits

[CIBinobpaxarh Tinskn pexomeraosakwii cicok napateTpis

MpameTpu 3a8aaHHS Gl EM EM2 PR MD

[7] BukopucTosysaTh yTouHeHY MiiMEaLo @Hepril MpH POapaxyHKY

"4, Napamerpn MDP paiinia Preprocessing:

Defines to pass to the preprocessor (define) g correlation
MapameTpu GROMACS Run control: a nalysis 1 g_comelation;
H Frame (ps) to read from trajectory: (60000 |- 100000 i
Algoritm to use in smulation (integrator) URL: hittp:ffwww.mpibpe.mpg.de : 7 :
Binpaeka sagaui B Mpin Starting time for your run (tinit) [arubmuelier/g correlation S|k EtereneslsuTichre :
' Only use every |2 | frame +
Time step for integration (dt) : - :
xpm2ps; convert white to | blue ~

Maximum number of steps to integrate (nsteps) Generalized Carrelation for

Biomolecular Dynamics
(g_correlation) allows to compute
both, linear or non-linear
genearlized correlation coefficients,
The accurate characterization of
correlated mations would also
improve the interpretation of NMR
experiments and X-ray diffusive
scattering data.

. OWanizaus noCTaHoBKM
The starting step (inft_step)
Center of mass motion (comm_made)

Frequency for center of mass motion removal (nstcomm)

Group(s) for center of mass motion removal (comm_grps) Infrastucture: | UNG (ARC) w2

Langevin dynamics:

Brownian dynamics friction coefficient (bd_fric)

Inttaize randorm generator for thermal nose (Id_seed)

Energy minimization:

i Memory (MBytes): 512

Wisvimuim fnrra amvarnanra limie fameal H Email:

Submit job

7 Andrii Salnikov

GROMACS/i&=-

ScalableMclecular Dynamics

H PUs: (1 w
Walltime (minutes): (1440
! Disk (MBytes): [200
L
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Rainbow (“ARC in the Cloud”)

1 Running virtual machines as a grid jobs
1 to dynamically create interactive access platforms
[ to run software in pre-created environment

///°//>#

W > A/
(/a4
W - /

Rainbow WN Essentials

8

Storage. ] Runs on the top of ARC
Infrastructure .
O Stage VM images and
data from the Grid

Grid Users

CE CE *Rainbow at a Glance: http://goo.gl/ifC6cl
Andrii Salnikov NorduGrid 2016
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Rainbow JobWrap Mode

1 Transparent VM usage for computational jobs with minimal job description
modifications
O specify VM image location and request to invoke Rainbow JobWrap

Physical WN
Data @ Environment

Rainbow WN

Physical WN

= Components

|

|

|

—_E (@) :
Software Data ~ ---0 = }
_____ |

= |

_ & T — |

I — S '
— c |

| — e |

= |

é a |

a wl :
|

)

Data Software
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BYOWN - Bring Your Own Worker Node

(J Docker Containers create own WN environment that runs under Rainbow
d automated image maintaining framework
(J near zero overhead

7
\

Data

Physical WN

08

Rainbow WN
Docker Components

=

| —

Data Software

Environment

Environment

ARC CE
—  m—
< submit LRMS job \\\,
0
NS
Rainbow CE
Components
INER IMAGES
VO Registry
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EGI GPGPU FedCloud Resources

3 Page Discussion D MD Simulations in GPU—acceIerated NAMD
@&G&I  GPGPU-FedCloud

— — I IISAS: CloudLab B moldyngric +
-Engage project: = i
Navigation Project . Instances VM Wlth ARC CllentS

VT G - inside to fetch data

Community portal

Current events O bJ ective ouenvisw Instance Name | = - 7 1
Recent changes ) o Instances P | l
Random page To provide support for accelerated computing i MolDynGrid Gloria Pilot | IVI ana ge me nt |
Help - Volumes |
Participants |
Images MalDynGrid Gloria Pilot | W e b - U I |
Toolbox wiet Tran (ISAS) viet tran _at_ savba.sk P — L |
what links here Jan Astalos (IISAS) entity . BT AT
pielatedichianges Miroslav Dobrucky (ISAS)
Upload file
SERENREE Current status
Permanent link
IISAS-GPUCloud site with GPGPU has been est JOb Fa Ctory JSON RESTful AP
Print/export EGI federated cloud configuration:
Create a book [TTTTTTTTIIITTTimimrmmemermm e )
Download as PDF | cocos: 11sas-Geucloud, https://goc.| / b
) : ! Monitoring ps://cloudmon.egl.euy/
Sl e sl ' Openstack endpol nic} https: ;",-"keysto} :
. OCCI endpoint: https://nova3.u1i.sa o \i
. Supported vos: fedcloud.egl.eu, op % g GlonaRiot
S ARC CE Q3 [®) ,
Applications being testedjrunning en IISAS-GF % > 8 Service M0|DynSUb CLl
o — o 5 i v submission
i MolDynGrid http://moldyngrid.org/ gy y L Rainbow Pilot
! WeNMH MTTps:// www . wenmr . eu; & ]
i Lifewatch-CC https://wiki.egi.eu/wil Mode
b e e il [y
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Summary

d MolDynGrid Infrastructure rely on ARC components to compute jobs in
both Grid and Cloud
[ Using flexibility of ARC we have managed to
O use existing grid infrastructure as a hardware provider for on-demand
virtual machines with interactive access
 automate software maintainability tasks in the heterogeneous grid
environment
(] stage data to the Cloud from the grid storage network
 With those development on the top of ARC and ARC-powered grid
infrastructure MolDynGrid solves valuable scientific problems*
d Methods and tools used are applicable to other research communities
needs**

*Savytskyi OV, Yesylevskyy SO, Kornelyuk Al. Asymmetric structure and domain binding interfaces of human
tyrosyltRNA synthetase studied by molecular dynamics simulations. J Mol Recognit. 2013;26(2):113-20.
**If you are interested in running VMs in grid contact us: grid@agrid.org.ua
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Thank you for kind attention!

mailto: manf@grid.org.ua
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