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Example	  from	  Prac.ce:	  The	  Design	  Process!	  	  
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Example	  from	  Research:	  Using	  FEMA	  
P-‐695	  for	  new	  systems	  	  



•  As	  engineers	  we	  oDen	  need	  to:	  
–  Repeat	  Processing	  Steps	  on	  New	  
Data	  

– Automate	  Data	  Processing	  Steps	  
–  Reproduce	  Previous	  Results	  
–  Share	  our	  analysis	  steps	  with	  
other	  researchers	  

–  Reliably	  execute	  analyses	  on	  
unreliable	  infrastructure	  

–  Execute	  Analyses	  in	  Parallel	  on	  
Distributed	  resources	  

	  
Disp.jpg	  

Example3.1.tcl	   Example3.2.tcl	  

OpenSees	  

Octave	  

genPlot.m	  

Node.out	  

This	  you	  may	  not	  know	  you	  need!	  



So	  What!	  
	  



Building	  Blocks	  for	  any	  FE	  Applica.on	  

Models 
Material, Element 
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Bell’s	  Law 
	  Bell's Law of Computer Class formation  

was discovered about 1972.  It states that 
technology advances in semiconductors, 
storage, user interface and networking advance 
every decade enable a new, usually lower 
priced computing platform to form.  Once 
formed, each class is maintained as a quite 
independent industry structure. This explains 
mainframes, minicomputers, workstations and 
Personal computers, the web, emerging web 
services, palm and mobile devices, and 
ubiquitous interconnected networks.  

 
Gordon Bell, http://research.microsoft.com/~GBell/Pubs.htm 



STEVE	  JOBS	  KEYNOTE	  WWDC	  2011	  

“..PC	  and	  Mac	  Demoted	  to	  a	  Device”	  

Some	  people	  think	  the	  cloud	  is	  just	  
A	  hard	  drive	  in	  the	  sky!	  

IT’S NOT 
Cloud computing is internet-based computing , 
whereby shared resources, software, and information 
are provided to computers and other devices on 
demand, like the electricity grid.  source: wikipedia 



Cloud	  Compu.ng	  Compute	  Resources	  

•  Commercial	  

	  
•  Research	  

– All	  of	  the	  above	  PLUS	  
– Dedicated	  High	  Performance	  Computers	  
– Distributed	  Computers	  (Grid)	  



	  

§  OSG	  
§  30	  Virtual	  Organiza.ons	  
§  80	  sites	  
§  +1	  million	  CPU	  hours	  

OpenScience	  Grid	  



How	  Do	  We	  Use	  These	  Resources	  
Cloud	  Service	  Models	  

•  IaaS:	  Infrastructure	  as	  a	  Service	  
–  In	  the	  most	  basic	  cloud-‐service	  model,	  	  provides	  

companies	  with	  compu.ng	  resources	  including	  
servers,	  networking,	  storage,	  and	  data	  center	  space	  
on	  a	  pay-‐per-‐use	  basis.	  (You	  Rent	  the	  Hardware)	  	  

•  PaaS:	  PlaMorm	  as	  a	  Service	  
–  Provides	  a	  compu.ng	  pladorm,	  typically	  including	  

opera.ng	  system,	  programming	  language	  execu.on	  
environment,	  database,	  and	  web	  server	  (You	  Rent	  
the	  hardware,	  OS,	  basic	  soDware:	  databases,	  
compilers,	  web	  server)	  

•  SaaS:	  SoNware	  as	  a	  Service	  
–  Cloud-‐based	  applica.ons—or	  soDware	  as	  a	  service	  

(SaaS)—run	  on	  distant	  computers	  “in	  the	  cloud”	  
that	  are	  owned	  and	  operated	  by	  others	  and	  that	  
connect	  to	  users’	  computers	  via	  the	  Internet	  and,	  
usually,	  a	  web	  browser.	  (	  





Example	  SaaS:	  The	  OpenSeesLab	  tool:	  
hip://nees.org/resources/tools/openseeslab	  

Is a suite of Simulation Tools powered by OpnSees for: 

1.  Submitting OpenSees scripts (input files) to HUB resources 
2.  Educating students and practicing engineers 
3.  Providing Examples to Developers 
 



OpenSees	  Interpreter	  Tool	  



Cute	  
BUT	  

So	  What!	  
	  •  Actually	  if	  SoDware	  Providers	  (Dassault	  Systemes,	  	  

ANSYS,	  CSI,	  ..)	  provided	  their	  applica.ons	  in	  a	  SaaS	  Model,	  
engineering	  firms	  could	  adjust	  beier	  to	  deadlines,	  
market	  up’s	  and	  down’s	  than	  they	  can	  now!	  



chr21

fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq fast2bfq

fastqSplit fastqSplit fastqSplit fastqSplit fastqSplit fastqSplit

filterContams filterContams filterContams filterContams filterContams filterContams filterContams filterContams filterContams filterContams filterContams filterContams

mapMerge

mapMerge mapMerge mapMerge mapMerge mapMerge mapMerge

map map map map map map map map map map map map

pileup

sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger sol2sanger

create_dir

ScienQfic	  Workflows	  
will	  make	  this	  future	  possible	  

•  Orchestrate	  complex,	  mul.-‐stage	  scien.fic	  computa.ons	  
•  Expressed	  in	  high-‐level	  workflow	  languages	  

–  DAGs,	  scrip.ng	  languages,	  data	  flow,	  actors,	  etc.	  
•  Can	  be	  op.mized,	  and	  automa.cally	  parallelized	  for	  execu.on	  on	  distributed	  resources	  

Split 
 

Filter & 
Convert 

 

Map 
Merge 

 

Analyze 

SoNware	  exists	  for	  crea.ng	  such	  workflows	  that	  can	  take	  advantage	  
of	  computa.onal	  resources	  in	  the	  cloud!	  ScienQfic	  workflow	  allows	  
engineers	  to	  compose	  and	  execute	  a	  series	  of	  computa.onal	  or	  data	  
manipula.on	  steps	  in	  a	  scien.fic	  applica.on.	  
	  

Acknowledgements:Ewa Deelman, Mats Rynge, Karan Vahi  , USC Information Sciences Institute 



•  Pegasus	  is	  a	  workflow	  planner	  ("compiler")	  which	  can	  handle	  everything	  from	  single-‐task	  
workflows	  to	  workflows	  with	  millions	  of	  tasks	  
o  Workflows	  enables	  parallel	  computa.on	  
o  Pegasus	  workflows	  are	  described	  in	  a	  higher	  level	  portable	  and	  reusable	  format	  
o  Enables	  execu.on	  on	  standard	  compute	  infrastructures	  (clouds,	  grids,	  campus	  clusters,	  ...)	  

	  

•  Pegasus	  automaQcally	  restructures	  the	  workflow	  to	  improve	  performance	  and	  data	  
management	  
o  Task	  clustering	  -‐	  combining	  short	  tasks	  into	  longer	  jobs	  
o  Workflow	  reduc.on	  /	  data	  reuse	  -‐	  workflows	  are	  minimized	  based	  on	  exis.ng	  data	  
o  Data	  cleanup	  -‐	  Pegasus	  maintains	  a	  minimal	  storage	  footprint	  during	  execu.on	  

	  

•  Pegasus	  automaQcally	  plans	  and	  opQmizes	  data	  placement	  
	  

•  Pegasus	  is	  not	  just	  for	  large-‐scale	  workflows.	  Other	  reasons	  for	  using	  Pegasus:	  
o  Well	  defined	  failure	  recovery	  -‐	  automa.c	  retries	  in	  case	  of	  failure	  to	  increase	  the	  overall	  reliability	  	  
o  Monitoring	  -‐	  provenance	  data	  	  
o  Debugging	  -‐	  tools	  to	  pinpoint	  failures	  

hZp://pegasus.isi.edu	  

Acknowledgements:Ewa Deelman, Mats Rynge, Karan Vahi  , USC Information Sciences Institute 



Generating executable workflows with Pegasus 
 

19 

(DAX)	  

APIs for 
workflow 
specification 
(DAX--- 
DAG in XML) 

 
Java, Perl, Python  

•  Create	  a	  DAX	  
•  A	  DAX	  contains	  a	  descrip.on	  of	  the	  abstract	  
workflow	  in	  XML	  format.	  

•  It	  is	  the	  primary	  input	  to	  Pegasus	  



Example	  DAX	  File	  



Example	  DAX	  File	  





Example:	  Moment	  Frame	  Reliability	  
Analysis	  



Moment	  Frame	  Reliability	  Tool	  in	  
OpenSeesLab	  on	  NEEShub	  Makes	  

use	  of	  Pegasus	  and	  the	  Resources	  of	  
the	  Open	  Science	  Grid	  

And OpenSees and Matlab (Octave) 
running on these resources	  



Rappture	  

Matlab	   OpenSees	   Matlab	  

OpenSees	  

OpenSees	  

Matlab	  is	  used	  to	  
	  generate	  random	  
	  material	  proper.es	  	  	  

10’s	  to	  1000’s	  
of	  OpenSees	  
	  Simula.ons	  

Matlab	  is	  used	  
to	  process	  the	  results	  
and	  generate	  figures	  

Pegasus	  is	  Responsible	  for	  moving	  the	  data	  from	  the	  NEEShub	  to	  the	  
OSG,	  orchestra.ng	  the	  workflow	  and	  returning	  the	  results	  to	  NEEShub.	  	  



Moment	  Frame	  Reliability	  Analysis	  



Using OpenSees & Cloud Resources on NEEShub? 

Batchsubmit/Submit	   OpenSees	  Lab	  



If	  Workspace	  tool	  is	  unavailablkle	  
to	  you,	  I	  prefer	  the	  OpenSeesLab	  
tool	  to	  gain	  access	  to	  the	  linux	  
operaQng	  system	  simply	  because	  
of	  the	  tabbed	  widgets.	  



Manage Files using SynchroNEES 

	  

§  SynchroNEES	  
§  Home	  space	  
§  Group	  space	  
§  Scratch	  space	  
§  Local	  machine	  



HANDS ON - Getting Started 
§  Register	  on	  NEEShub	  (nees.org)	  
§  Might	  need	  (Submit	  a	  support	  .cket	  and	  ask	  for	  HPC	  
access)	  

§  hips://nees.org/resources/openseeslab	  and	  click	  
“Launch	  Tool”	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  OR	  

	  	  	  	  Find	  in	  hips://nees.org/resources/tools	  



Now	  Some	  Demos	  
•  Start	  the	  OpenSees	  Interpreter	  in	  OpenSeesLab	  
•  Type	  xterm	  &	  at	  the	  prompt	  (see	  3	  slides	  back)	  
•  Go	  to	  the	  xterm	  tab	  and	  type	  the	  following	  in	  the	  	  terminal:	  
svn	  co	  svn://opensees.berkeley.edu/usr/local/svn/OpenSees/
trunk/Workshops/SimWorkshop	  	  	  SimWorkshop	  
•  You	  should	  now	  have	  SimWorkshop	  directory	  &	  5	  

subdirectories!	  
	  	  	  	  /SimWorkshop/SmallSP	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  /SmallMP	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  /Pegasus1	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  /Pegasus2	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  /Pegasus3	  
	  

NOTE:	  xterm	  and	  batchsubmit	  offer	  a	  regular	  linux	  terminal.	  
You	  you	  know	  linux	  you	  can	  do	  lots	  of	  things	  here	  (ls,	  cd,	  vi,	  
emacs,	  ssh,	  scp!).	  It’s	  just	  used	  so	  NEEShub	  can	  log	  how	  much	  
Qme	  people	  spend	  using	  batchsubmit!	  



/Pegasus1	  	  	  	  simple	  workflow	  

Disp.jpg	  

Example3.1.tcl	   Example3.2.tcl	  

OpenSees	  

Octave	  

genPlot.m	   Node.out	  



/Pegasus1	  –	  dax.xml	  



To	  submit	  the	  workflow	  type:	  

cd	  Pegaus1	  
emacs	  dax.xml	  (change	  fmk	  &	  dir	  loca.on	  to	  reflect	  your	  setup)	  
submit	  –v	  WF-‐OSGFactory_FERMI	  pegasus-‐plan	  -‐-‐dax.xml	  &	  



•  Building	  &	  execu.ng	  the	  .xml	  file	  is	  a	  pain!	  
•  Can	  use	  python,	  java,	  …	  

	  

	  
	  

/Pegasus2	  	  	  	  same	  simple	  workflow	  

•  To	  both	  create	  the	  dax	  and	  submit	  in	  Pegasus2	  just	  type:	  
	  	  	  	  	  	  	  ./submit	  	  

	  

	  
	  

The	  complex	  stuff	  is	  in	  the	  opensees-‐dax-‐generator.py	  	  
	  



 
f# Create a abstract workflow                                                     
dax = ADAG("dax") 
 
# Add executables to the DAX-level replica catalog                               
opensees = Executable(namespace="opensees", name="opensees", version="1.0", os=\ 
"linux", arch="x86_64", installed=True) 
 
#opensees.addPFN(PFN("file:///apps/opensees/bin/OpenSees", "local"))             
opensees.addPFN(PFN("file:///grid/app/nees/opensees/bin/OpenSees", "HCC_US_Ferm\ 
igridosg1")) 
dax.addExecutable(opensees) 
 
octave = Executable(namespace="system", name="octave", version="1.0", os="linux\ 
", arch="x86_64", installed=True) 
#octave.addPFN(PFN("file:///usr/bin/octave", "local"))                           
octave.addPFN(PFN("file:///grid/app/nees/bin/octave-3.2.4.sh", "HCC_US_Fermigri\ 
dosg1")) 
dax.addExecutable(octave) 
 
add_opensees_job(dax) 
add_plot_job(dax) 
 
# Write the DAX to stdout                                                        
dax.writeXML(sys.stdout) 

opensees_dax_generator.py	  
eof	  (end-‐of-‐file)	  



 
def add_opensees_job(dax): 
 
    # input files to the DAX-level replica catalog                                     
    input_files = list() 
    names = ["Example3.1.tcl", "Example3.2.tcl"] 
 
    for name in names: 
        ifile = File(name) 
        ifile.addPFN(PFN("file://" + os.getcwd() + "/inputs/" + name, "local")) 
        dax.addFile(ifile) 
        input_files.append(ifile) 
 
    # job - materialProperties.tcl.XX model.tcl motion.tcl.YY dynamic WW               
    job = Job(namespace="opensees", name="opensees", version="1.0") 
    job.addArguments("Example3.2.tcl") 
 
    for f in input_files: 
        job.uses(f, link=Link.INPUT) 
 
    out_name = "Node.out" 
    f1 = File(out_name) 
    job.uses(f1, link=Link.OUTPUT) 
    bag_files[out_name] = f1 
 
    dax.addJob(job) 
 
    # add the job to the bag so we can look it up later                                
    bag_jobs["opensees"] = 

opensees_dax_generator.py	  
near	  top	  of	  file	  



•  Looks	  complicated	  for	  simple	  problems	  ..	  
What	  about	  bigger	  ones!	  

	  
	  

Look	  at	  the	  opensees-‐dax-‐generator.py	  	  
	  

/Pegasus3	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  more	  complex	  workflow	  	  	  	  
(the	  one	  used	  in	  the	  Reliability	  Analysis	  Tool)	  

To	  run	  in	  Pegasus2	  type:	  
./submit	  3	  3	  



Crea.ng	  Your	  Own	  Workflow	  Later	  
•  The	  complex	  stuff	  is	  in	  the	  opensees-‐dax-‐generator.py	  
file	  for	  both	  Pegasus1	  and	  Pegasus2.	  

•  If	  you	  look	  at	  the	  code	  for	  both	  you	  will	  see	  they	  are	  
somewhat	  easy	  to	  understand	  and	  very	  easy	  to	  
customize	  (once	  you	  understand	  them)	  to	  your	  own	  
workflows	  

•  If	  you	  can	  write	  OpenSees	  scripts	  you	  can	  edit	  and	  
modify	  these	  files!	  

	  
If	  you	  are	  stuck,	  contact	  Pegasus	  team	  directly	  (email:	  	  
pegasus-‐support@isi.edu)	  	  They	  can	  help	  with	  the	  
scripts.	  


