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Strengthen	
  Exis3ng	
  and	
  Establish	
  
New	
  Collabora3ons	
  	
  

Work	
  with	
  Science	
  Teams	
  to	
  
Advance	
  Grid	
  Technologies	
  and	
  

Improve	
  the	
  Underlying	
  
Infrastructure	
  

In	
  the	
  Pacific	
  Rim	
  and	
  Globally	
  

PRAGMA	
  

hMp://www.pragma-­‐grid.net	
  

A	
  Prac3cal	
  Collabora3ve	
  Framework	
  

IOIT-­‐VN	
  HKU	
  	
  



Working	
  Groups:	
  Organize	
  Ac;vi;es	
  
Resources	
   Biosciences	
  

GEO	
  Telescience	
  

October	
  2009	
  



Biosciences	
  2008-­‐2009	
  Highlights	
  
•  Streaming	
  data	
  from	
  
simula;ons	
  to	
  visualiza;on	
  
– DataTurbine,	
  Duckling	
  
– Kevin	
  Dong	
  

•  Virtualiza;on	
  
– Virtual	
  Clusters,	
  AMI	
   JMol Plug-in integrated into Duckling Portal 



Transparent	
  access	
  of	
  applica;ons	
  on	
  Avian	
  Flu	
  
Grid	
  through	
  middleware	
  

CNIC VSDB 

Konkuk Glyco-M*Grid 

NBCR CADD 



Viral	
  Replica;on	
  Life	
  Cycle	
  

http://www.reactome.org/ 
http://www.wikipedia.org  

Baltimore viral classification 

http://library.thinkquest.org/05aug/01479/prevention1.html  



Influenza	
  proteome	
  and	
  crystallome	
  

http://www.pdb.org 



Known	
  Drug	
  Targets	
  –	
  Neuraminidase	
  	
  



Ensemble-­‐based	
  Virtual	
  Screening	
  with	
  Relaxed	
  Complex	
  Scheme	
  
NAMD2	
  
Amber	
  

NCI	
  Diversity	
  Set:	
  3.3	
  MB,	
  2000	
  compounds;	
  
Required	
  at	
  each	
  site	
  
ZINC	
  subset:	
  200,000.	
  A	
  few	
  hundred	
  MB	
  

Mul-ple	
  targets:	
  HA,	
  NA	
  subtypes	
  
Each	
  target:	
  30~50	
  MD	
  snapshots,	
  1~2	
  MB	
  each	
  

AutoDock4	
  

Simula-on	
  Data:	
  hundreds	
  of	
  GB	
  

Docking	
  Data:	
  hundreds	
  of	
  MB	
  

Total	
  data	
  to	
  date:	
  ~5	
  TB	
  in	
  long	
  term	
  storage.	
  	
  
Each	
  experiment	
  is	
  about	
  1	
  Petaflops	
  accumula-ve	
  in	
  computa-on	
  cost.	
  

Source: Amaro 



NA	
  Ensemble	
  based	
  Virtual	
  Screening	
  Top	
  Hits	
  

•  Patent	
  filed	
  	
  
•  Cheng	
  et	
  al,	
  JMC,	
  2008	
  



How	
  avian	
  or	
  swine	
  viruses	
  cross	
  over	
  to	
  humans?	
  
Compara;ve	
  Molecular	
  Dynamics	
  Simula;ons	
  of	
  HA’s	
  

HA Trimers: avian H3 (1968 HK flu), H5 
(Pandemic threat) and swine H9 (1999 HK 
flu)  
apo and LSTa/LSTc bound/unbound 
Explicit solvent, 0.15M NaCl, pH 7.4 
~350,000 atoms 
NAMD2, Amber99SB/Glycam06 force field 
1 fs timestep, PBC, PME Xu, et al. JMB, 2009. 



Scien;fic	
  Results	
  

Newhouse et al, JACS 2009 



Transparent	
  access	
  of	
  applica;ons	
  on	
  Avian	
  Flu	
  
Grid	
  through	
  middleware	
  

CNIC VSDB 

Konkuk Glyco-M*Grid 

NBCR CADD 



Recap	
  of	
  PRAGMA	
  16	
  	
  
–	
  Daejon,	
  Korea,	
  Mar	
  2009	
  

•  Infec;ous	
  Diseases	
  Research	
  in	
  
Cyberinfrastructure	
  (iDRiC	
  Workshop)-­‐-­‐KISTI	
  

•  Drugscreener-­‐G	
  –	
  KISTI,	
  Korea	
  
•  Grid	
  Enabled	
  Virtural	
  Screening	
  Service	
  (GVS)	
  
–	
  ASGC,	
  Taiwan	
  

•  CADD	
  Pipeline	
  –	
  NBCR,	
  USA	
  
•  WISDOM	
  project	
  –	
  CNRS,	
  EU	
  

•  Glyco-­‐M*Grid	
  –	
  Kookmin	
  &	
  Konkuk	
  U,	
  Korea	
  



Follow-­‐up	
  ac;vi;es	
  

•  Con;nued	
  development	
  of	
  applica;on	
  specific	
  
services	
  –	
  AutoDock,	
  NAMD	
  as	
  Opal	
  services	
  

•  Con;nued	
  development	
  of	
  workflows	
  –	
  NBCR	
  
Summer	
  Ins;tute	
  training	
  of	
  CADD	
  pipeline	
  

•  Glyco-­‐M*Grid	
  –	
  Suntae	
  Hwang	
  

•  Release	
  of	
  Opal	
  2.1	
  with	
  condor	
  and	
  CSF4	
  
4.0.5.1	
  plugins	
  

•  Ability	
  to	
  use	
  Condor	
  web	
  service	
  interface	
  for	
  
virtual	
  screening	
  using	
  TeraGrid	
  	
  



Recap	
  of	
  PRAGMA	
  17	
  
-­‐-­‐Hanoi,	
  Vietnam,	
  Oct	
  2009	
  

•  Real-­‐;me	
  bioMEdical	
  data	
  Streaming	
  and	
  
visualiza;on	
  (RIMES)	
  –	
  CNIC,	
  China	
  

•  PRIME	
  Student	
  Host	
  Sites	
  
–  USM,	
  NTU,	
  CNIC	
  
–  Osaka	
  U.,	
  Monash	
  U.	
  

–  New	
  in	
  2010:	
  JLU,	
  host	
  of	
  PRAGMA	
  19	
  

•  MURPA	
  Students	
  
–  Cheminforma;cs	
  and	
  Nimrod/K	
  based	
  workflows	
  

•  Calit2	
  Summer	
  Internship	
  
–  Kevin	
  Wu	
  



Next	
  Milestones	
  

•  Produc;on	
  use	
  of	
  Gfarm	
  for	
  sharing	
  
simula;on	
  data	
  
– Produc;on	
  use	
  by	
  PRAGMA	
  18	
  

•  Virtual	
  machine	
  scheduling	
  using	
  CSF4	
  
– Demonstra;on	
  by	
  PRAGMA	
  19	
  

•  Expanded	
  Educa;on	
  and	
  Training	
  
Opportuni;es	
  
– MURPA;	
  PRIME	
  
–  ISGC	
  workshops;	
  PRAGMA	
  Ins;tutes	
  



New	
  Challenges	
  

•  Virtualiza;on	
  –	
  What	
  does	
  it	
  mean	
  to	
  us?	
  
•  Produc;on	
  environment	
  –	
  Where	
  is	
  it?	
  What	
  
form	
  should	
  it	
  take?	
  

•  The	
  Connec;on	
  between	
  Produc;vity	
  and	
  
Grid/Cloud	
  –	
  Most	
  work	
  is	
  s;ll	
  done	
  on	
  local	
  
clusters,	
  the	
  desire	
  to	
  use	
  the	
  grid/Cloud	
  is	
  
there,	
  but	
  the	
  infrastructure	
  is	
  s;ll	
  evolving	
  

•  Sociology	
  of	
  sokware	
  engineering	
  –	
  Can	
  we	
  
collaborate	
  using	
  Facebook?	
  



AutoDock	
  Workflow	
  



A	
  Virtual	
  Screening	
  Vision	
  Workflow	
  

A web service 



Condor pool SGE Cluster PBS Cluster 

Globus Globus Globus 

Application Services 

Opal GUI PMV/Vision Kepler 
Transparent	
  Access	
  Layer	
  for	
  Applica;ons	
  

Grid/Cloud Resources 



PDB2PQR	
  Advanced	
  Submission	
  
Form	
  

Group 2 

Group 3 

Exclusive group 

Input file 

String 

Exclusive enumeration 
Group 1 



Opal2	
  Dashboard:	
  Usage	
  Sta;s;cs	
  



24 

Vision	
  Workflow	
  Snippet	
  Using	
  Opal	
  
•  Two	
  Major	
  Steps	
  

1.  Run	
  PDB2PQR	
  web	
  service.	
  
"   This	
  step	
  is	
  skipped	
  if	
  an	
  

appropriate	
  PQR	
  file	
  
exists	
  on	
  the	
  local	
  
machine.	
  

2.  Run	
  PrepareReceptor	
  web	
  
service.	
  
"   Output	
  is	
  URL	
  to	
  PDBQT	
  

•  PDB2PQR	
  and	
  
PrepareReceptor	
  are	
  
skipped	
  if	
  an	
  appropriate	
  
PDBQT	
  file	
  exists	
  on	
  the	
  
local	
  machine.	
  

–  Output	
  is	
  PDBQT	
  path	
  on	
  
local	
  machine.	
  

Macro that runs 
PDB2QR web service. 

Macro that runs 
PrepareReceptor 

web service 



Kepler	
  Opal	
  Web	
  Services	
  Actor	
  



Opal	
  2	
  for	
  SaaS	
  



Campus	
  Cloud:	
  Cluster	
  Extension	
  

 VMs:	
  Sokware/OS	
  
defined	
  by	
  the	
  
frontend:	
  
◦  Users,	
  file	
  system	
  
mount,	
  queuing	
  
system,	
  sokware	
  
versions,	
  etc	
  	
  	
   Source: Papadopoulos 



Use	
  of	
  OSG	
  Resources	
  –	
  
Collabora;on	
  with	
  RENCI	
  

Open Science Grid 

launchBulkJob 

queryStatus 

downloadOutputs 

… 
AutoDock 

getAppMetadata 
launchJob 
getOutput 

… 
AutoDock 

NBCR (UCSD) 

RENCI (UNC) 



IaaS	
  –	
  Infrastructure	
  as	
  a	
  Service	
  –	
  
Cloud	
  with	
  the	
  most	
  promise	
  

Sun	
  

3Tera	
  

IBM	
  

Amazon	
  EC2	
  

GoGrid	
  

Run (virtual) computers to solve 
your problem, using your software 



Web	
  Form	
  for	
  Virtual	
  Screening	
  Service	
  



Amazon	
  EC2	
  Dashboard	
  



Cloud	
  Compu;ng	
  with	
  Amazon	
  EC2	
  



Virtual	
  Screening	
  with	
  CSF	
  	
  
•  We	
  have	
  set	
  up	
  the	
  virtual	
  screening	
  web	
  services	
  with	
  5	
  remote	
  

hosts.	
   Virtual cluster at SDSC 

AMAZON EC2  



Integra;ng	
  Visualiza;on	
  Workflows	
  using	
  	
  
Real-­‐;me	
  bioMEdical	
  data	
  Streaming	
  and	
  visualiza;on	
  (RIMES)	
  	
  

Kevin Dong, CNIC 



PRIME	
  2009	
  
•  13	
  host	
  sites	
  
•  Expanded	
  to	
  five	
  sites	
  

–  Doshisha	
  University,	
  Kyoto	
  
–  Na;onal	
  Ins;tute	
  of	
  Informa;on	
  and	
  

Communica;on	
  Technology	
  (NiCT)	
  

–  Na;onal	
  Museum	
  of	
  Marine	
  Biology	
  and	
  
Aquarium	
  (NMMBA),	
  Ken;ng,	
  Taiwan,	
  	
  

–  Na;onal	
  Taiwan	
  University	
  (NTU),	
  	
  
–  University	
  of	
  Hyderabad	
  

•  Con;nued	
  at	
  eight	
  sites	
  
– Monash	
  U;	
  NCHC;	
  Osaka	
  U;	
  
CNIC;	
  NCREE;	
  USM;	
  U	
  
Auckland,	
  	
  U	
  Waikato	
  

M. Mui, U Hyderabad 

Jade Kwan, NiCT 

C Lau, Osaka  
S. Revelli, Monash 

C. Wong CNIC 

M.Nekrasov NMMBA  
and NCHC 



Broadening	
  Impact	
  of	
  Technology	
  
Engaging	
  Future	
  Genera;ons	
  

PRIME Student 2009: Jessica Hsieh, USM 



1st	
  Inaugural	
  PRAGMA	
  
Workshop	
  in	
  San	
  Diego	
  

Welcome	
  back	
  to	
  San	
  Diego	
  for	
  PRAGMA	
  18!	
  	
  



Last	
  ;me	
  we	
  were	
  in	
  	
  
San	
  Diego,	
  CA,	
  USA	
  

PRAGMA	
  7,	
  Sept.	
  15-­‐17,	
  2004	
  



PRAGMA	
  at	
  SC04	
  



What	
  does	
  it	
  mean	
  to	
  be	
  
18?	
  

It’s	
  about	
  being	
  able	
  to	
  vote	
  ,	
  no	
  longer	
  a	
  
minor,	
  but	
  s;ll	
  cannot	
  drink	
  legally	
  



PRAGMA	
  18	
  

La	
  Jolla,	
  California	
  –	
  UC	
  San	
  Diego	
  
March	
  2-­‐5,	
  2010	
  

March	
  2	
  –	
  PRAGMA	
  Ins;tute	
  on	
  Implementa;on	
  	
  

&	
  Welcome	
  Recep;on	
  	
  

March	
  3-­‐4	
  –	
  PRAGMA	
  Workshop	
  
March	
  5	
  –	
  Technology	
  for	
  Coral	
  Reef	
  Observatory	
  

Like the Grid  Like the Cloud  


