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This is not Bruce. 



Who Are Your Influences? 
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“Why Scientific Programming 
Does Not Compute.” 
 
Zeeya Merali.  
Nature, 467, 777. October 2010 

May 3-5, 2011. NRAO, Green Bank, West Virginia. 
http://www.nrao.edu/meetings/bigdata/ 
Workshop On How To Process and Analyze PB-scale data sets. 



A Little Knowledge … 
  Many scientists in all fields have little formal training 

in software development and software maintenance. 

  Many of  us learn from our peers or by modifying 
existing code. 

  Many of  us learn just enough to be dangerous …  
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EXAMPLE: Removing a record from a database 
 
Instead of using a simple SQL command to do this 
DELETE FROM table1 WHERE field1=value1 !
!
The project dumps the database as a file, uses Unix commands to identify and 
remove the offending record, then reload the file into the database 
pg dump -t table1 mydb | grep -v value1 | pg restore -c mydb!
!

           Chilingarian and Zolotukhin, 2011!



A New Business Model For Astronomical 
Computing 

  Astronomy is already a data intensive science 

  Over 1 PB of  data served electronically through data 
centers and archives. Growing at 0.5 PB/yr, and 
accelerating. 

  ALMA, LOFAR, LSST, SKA, EVLA… all will produce 
PB-scale data sets  

  LSST alone may have 60 PB data by 2020 

  Simulations for design of  observing programs and 
confrontation with data 

  Millennium Simulation - N-body simulation, 10 billion 
particles trace the evolution of  the matter distribution in 
a cubic region of  the Universe over 2 billion light-years 
on a side. 
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  Astro2010 Decadal Survey recognized that future research will demand 
high performance computing 

 



Practicing Safe Software  
  Respondents spent an average of  

30% of  work time developing S/W. 

  45% spend much more time 
developing S/W five years ago. 

  97% said informal self-study 
important. 

  26% thought formal S/W education 
important. 

  8% used a high performance 
platform.    
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Hanney et al. How Do Scientists Develop And Use 
Software? Proceedings of the 2009 ICSE Workshop 
on Software Engineering for Computational Science 
and Engineering.  

  Use version control 

  Track materials 

  Write testable software 

  Build code in chunks 

  .. And test it! And get 
someone else to use it. 

  Share software and build 
a user community where 
feasible. 



Software Carpentry 
http://software-carpentry.org/ 
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Next Steps for Astronomy As 
A Profession 

  Software and computer science as a mandatory part of  graduate 
studies. 

  Have scientists work closely with IT professionals 

  Highly successful model used at many organizations, 
including IPAC since it opened for business 

  Greater recognition of  the role of  software engineering 

  Provide career-paths for IT professionals in astronomy 

  An on-line journal devoted  to computational techniques in 
astronomy. 

  Develop “software brain trusts” to share computational 
knowledge from different fields. 
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U.K. Software Sustainability Institute 
http://www.software.ac.uk 

Nuclear Fusion - Culham 
Centre for Fusion Energy Pharmacology - DMACRYS 

Climate change - Enhancing 
Community Integrated Assessment 

Geospatial Information Scottish Brain Imaging 
Research Centre 

Keeping up to date with 
research 
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A U.S. Software Sustainability Institute: A 
Brain Trust For Software 

“A US Software Infrastructure Institute that provides a 
national center of excellence for community based 
software architecture, design and production; 
expertise and services in support of  software life cycle 
practices; marketing, documentation and networking 
services; and transformative workforce development 
activities.” 

 Report from the Workshops on 
Distributed Computing, Multidisciplinary 
Science, and the NSF’s Scientific Software 
Innovation Institutes Program Miron 
Livny, Ian Foster, Ruth Pordes, Scott 
Koranda, JP Navarro. August 2010. 
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Montage: An Example Of  Sharable Component 
Based Software 

  Downloaded 5,000 times with 
wide applicability in astronomy 
and computer science. 

  Simple to build. 

  Written in ANSI-C for 
performance and portability. 

  Portable to all flavors of  *nix  

Montage Workflow 
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  Environment agnostic 

  Technology Agnostic: Supports  
tools such as Pegasus, MPI, .. 
Same code runs on all platforms. 

See “Ten Years of Software 
Sustainability”. Berriman et al. 
2011. Philosophical Transactions 
of  the Royal Society, in press. 
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Applications of  Montage: Science Analysis 
  Desktop research tool – astronomers sharing their 

scripts 

  Python interface to Montage (Tom Robitaille) 

  C-shell scripts to produce 2MASS, SDSS, DSS mosaics 
(Colin Aspin) 

  Incorporation into pipelines 

  Cosmic Background Imager 

  ALFALFA 

  BOLOCAM 

 
1,500-square-degree-equal-area Aitoff projection mosaic, of HI observed with 
(ALFALFA) survey near the North Galactic Pole (NGP). Dr Brian Kent 
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Plugging Together Applications 
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  VAO Spectral Energy 
Distribution Builder 

  First Release Aug 2011 

  Plugs together SpecView 
and Sherpa 

  SpecView: Interactive 
Visualization of  Spectra 
(STScI) 

  Sherpa: Modeling and 
fitting (Chandra) 

Plugged together using the  
Simple Access Messaging Protocol  



Code Sharing and Building Communities 

The R Project for Statistical 
Computing 

  “An environment where 
statistical techniques are 
implemented and extended”
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ENZO  

  Adaptive mesh refinement 
(AMR), grid-based hybrid 
code (hydro + N-Body) for 
cosmological simulations 

http://code.google.com/p/enzo/ 

http://www.r-project.org/index.html 



Conclusions 
  Massive data sets are driving a new business model for 

scientific computing. 

  The computationally self-taught scientist working at a 
desktop will be at a big disadvantage in this new 
world. 

  Software components that are portable and scalable 
will have a much bigger role to play in the future. 

  I think we need more formal computer education, and 
a cultural change to reward computational skills.. 
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  ERROR …  Why Scientific Programming Does Not Compute.  2010. Zeeya 
Merali. Nature, 467, 775. 

  Articles on the Software Carpentry Site: 
                     How Do Scientists Really Use Computers?   
                     How Do Scientists Develop and Use Scientific Software 
                     Those Who Will Not Learn From History 

              Getting Scientists to Write Better Code To Make Them More Productive 
                     Where’s the Real Bottleneck in Scientific Computing? 
 
  Ten Years of Software Sustainability. G. B. Berriman et al. 2011. Philosophical 

Transactions of  the Royal Society A, in press. 

  The True Bottleneck of Modern Scientific Computing in Astronomy. 2011. 
Igor Chilingarian and Ivan Zolotukhin. ADASS XX, 471.  
http://arxiv.org/abs/1012.4119v1.  

 
  Bruce Berriman’s blog, “Astronomy Computing Today,” at  
   http://astrocompute.wordpress.com 

Where Can I Learn More? 
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