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Starting points for Software Sustainability 
EAGER-funded project 

•  ACCI Campus Bridging Task Force report: 
–  Finding 4: The existing, aggregate, national cyberinfrastructure is not 

adequate to meet current or future needs of the US open science 
and engineering research community. 

–  Finding 3: The current state of cyberinfrastructure software and current 
levels of expert support for use of cyberinfrastructure create barriers in 
use of the many and varied campus and national cyberinfrastructure 
facilities. These barriers prevent the US open science and engineering 
research community from using the existing, open US 
cyberinfrastructure as effectively and efficiently as possible. 

•  2010 workshop on software reusability 
–  Cyberinfrastructure Software Sustainability and Reusability Workshop 

Final Report. C.A. Stewart, G.T. Almes, D.S. McCaulay and B.C. 
Wheeler, eds., 2010. Available from: http://hdl.handle.net/2022/6701 



Our foci 

•  Cyberinfrastructure software  
•  Less emphasis on end-user applications 
•  Working definition of cyberinfrastructure 

software: software and libraries that are 
essential to the successful operation of other 
end-user applications; but which are not 
themselves, typically, end user applications.  

•  Cyberinfrastructure software tends to have 
the characteristic of not having a sufficiently 
large market to support commercialization.  



Summary of our results 

No	  magic	  bullets	  
Image	  credit:	  Bullet	  from	  Aaberg,	  Jason.	  	  
Stock	  Xchng.	  h>p://www.sxc.hu/photo/495767	  



Initial discussions 

•  PI’s naïve hope was that we could find some 
formula – similar to the NASA Reuse Readiness 
Levels – that project leaders could follow and be 
confident that if executed well would lead to 
software being sustained 

•  Von Welch channeled his inner Kierkegaard 



2 phase study approach 

•  Survey of the community 
•  In depth case studies 



Survey results - What factors influence 
software selection? 

 ① Capabilities and features of a 
software product are the most 
important factors to consider when 
adopting a software package 

②  Total cost of ownership (purchase and 
annual license maintenance fees) 

③  Long-term availability  
④  Reliability and maturity 
⑤  Initial purchase cost of the software 



Survey results - Name well-sustained open 
source software projects 

①  Linux 
②  R-project 
③  Apache 
④  Mozilla 
⑤  TeX & LaTeX 
⑥  Python 
⑦  GNU 
⑧  Eclipse 
⑨  OpenOffice 
⑩  ImageJ 



Case studies 
So#ware	  project	  	   Governance	  model	  	  

Kitware	  	   Private	  leadership	  in	  private	  /	  public	  partnership;	  CEO	  
ulOmate	  authority	  	  

R	  project	  	   Board	  of	  directors,	  large	  community	  with	  conferences	  	  

LAPACK	  	   Benevolent	  dictatorship	  with	  strong	  	  leadership	  group	  	  

HUBzero	  	   FoundaOon	  structured	  as	  LLC	  	  

Kuali	  	   FoundaOon	  structured	  as	  501(c)3	  

Unidata	  	   ExecuOve	  director,	  advisory	  group,	  with	  strong	  NSF	  support	  	  

Globus	  Online	  	   Small	  company,	  led	  by	  benevolent	  dictatorship	  &	  strong	  
leadership	  group.	  Annual	  conference	  

Galaxy	  	   Strong	  leadership	  team	  with	  flat	  organizaOon;	  strong	  
community	  guidance	  	  

HTCondor	   Benevolent	  dictatorship	  with	  strong	  leadership	  group	  	  and	  
user	  conference	  



Factors that did NOT seem to be different 
about well sustained software as compared 

to other software 

•  Open source licenses per se 
•  Use of good practices in code 

management 
•  NASA Reuse Readiness Levels 



What software building, testing, and 
hardening methodologies have proved 

effective in enabling software to be widely 
used by the NSF research community? What 

licensing terms are preferred?  
 •  All well sustained projects we studied had 

good software management, build, and test 
processes 

•  All of the well sustained projects produce 
software that is robust 

•  Most permissive (in terms of reuse) open 
source licenses policies possible 



What administrative structures, governance 
processes, and operational infrastructure 

enable software to be sustainable in the long 
term? 

 •  Strong, committed leadership. 
•  Tendency for leadership to have a strong 

and easily identified core of key leaders 
(some tendency for the leaders to be 
geographically colocated) 

•  Well sustained projects tended to have tight 
control over the official code stack 



What community engagement activities (e.g. 
requirements gathering, prototyping) demonstrate 

relevance to the software’s eventual success? 
 

•  Developers engaged with users.  A centralized 
development team that has regular and routine contact 
with users and leadership was an essential element of the 
projects we studied that had been well sustained over a 
long period of time.  

•  Domain experts engaged with developers. Software 
initiatives that pair subject matter (domain) expertise with 
technological and engineering expertise have an 
increased probability of broad adoption and 
sustainability.  

•  Conferences and web-based self-help were important 
community engagement mechanisms for some projects. 



What financial models provide for long-term 
sustainability of software as well supported 

infrastructure? 
 •  In general, NSF funding matters a lot, but most 

of the success stories we studied align with Dan 
Katz’s view of sustainable 

•  Continued and ongoing funding for Unidata 
seems really important but also an edge case 

•  Globus Online, HUBzero, and HTCondor all gain 
aid in sustainability in part through very large 
user communities 

•  Kuali is interesting and different – and perhaps a 
model for the scientific community in some 
ways 

•  Kitware is an interesting model but might not be 
easily replicable 



Example of the value of sustained software to 
NSF and the scientific community 

•  Basic XSEDE-compatible cluster build 
•  Based exclusively on open source 
•  Distributed as a Rocks Roll and as RPMs 
•  Allows sysadmins and IT support 

experts at small institutions, particularly 
MSIs, to leverage software and training 
materials created by XSEDE 



Baseline (don’t leave home without these) 

•  Software should be licensed with a very 
permissive open source license (in particular, 
one that permits commercialization of 
derivative works). 

•  Good software engineering, build, and test 
practices are essential, including the use of 
a single (but well backed up) and definitive 
code repository. 



Recommendations to SI2 PIs part 1 
•  Project leaders should maintain control over 

the definitive code repository, and employ 
thorough testing and quality control 
processes for code releases. 

•  Provide good documentation and some 
mechanism for self help or community 
mediated help via the Web 

•  Software projects should have extensive 
engagement with their intended user 
community – with a conference? - and this 
engagement should drive a detailed 
software development plan. (“Make sure 
your software matters to someone – a lot”) 



Recommendations to SI2 PIs part 2 

•  Expect to devote a large amount of  time and energy 
to leading a software project, and/or hire a delegate 
dedicated to leading the project 

•  Have, obtain yourself, or hire expertise in business 
management in a nonprofit or small business 

•  Develop a careful and phased sustainability 
management plan, ranging from preliminary to 
advanced, should be part of any proposal that 
requests funds for development, expansion, or 
ongoing maintenance of scientific software. 

•  Experiment with emerging options for developing 
income – options go beyond dependence upon 
funding from the NSF 

•  NB: The last two bullets reflect the age old question – 
which matters more, the planning or the plan? 



Sustained software and replicability 

•  There are multiple models promoted for 
replicability of analyses 

•  Distribution of open source code is one option 
and a very simple one. 

•  Repasky example 
•  Suggestion for the community and NSF: 

Production of open source software ought to 
be a societal value. Replicability of analyses 
ought to be a societal benefit. They should be 
advocated and valued as a broader impact 
in proposals that aim to sustain software 
efforts over long time 



Nothing unites like a common problem 

What	  universiOes	  and	  colleges	  don’t	  need	  to	  pay	  for	  along	  with	  their	  business	  
socware	  bill	  is	  sailboats	  

Island	  Graphic	  from	  B.	  Wheeler.	  2014.	  Speeding	  up	  on	  curves.	  	  
EDUCAUSE	  Review.	  ©Brad	  Wheeler	  	  Used	  with	  permission.	  



Thinking about this issue from the standpoint 
of a community of practice 

•  The community of practice model seems 
potentially useful to the SI2 projects 

•  Replicability and access seem to be potential 
common problems that SI2 projects can 
address collectively within a community of 
practice framework (and might force 
changes in community views on what matters 
within a discipline) 

•  One of the things that all software projects 
seem to struggle with is assessments 

•  There is a steep learning curve on some of the 
alternate funding mechanisms (e.g. NET+) 

•  Also the EU example of “supporting actions” 
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Further information 
•  Some final reports are already online and 

available from 
http://rt.uits.iu.edu/sct/projects/sustainability.php 

•  Raw data from survey also available from IU 
Scholarworks – linked from this page  

•  One more report (summary of the case studies) 
will be published yet this week 

•  A draft of the final overall report on our results and 
findings will be posted soon for community 
comment, and finalized by March 28. 

•  Thank you…. Questions? 


