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Lecture 43:

Beyond computational methods

Part 2:
Issues with developing large software
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Software issues in HPC

HPC is about applications, not just algorithms and 
their analysis.

We need to consider the issue of software that implements 
these applications:

● How complex is the software?
● How do we write software? Are there tools?
● How do we verify the correctness of the software?
● How do we validate the correctness of the model?

● Testing
● Documentation
● Social issues
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Complexity of software

Many HPC applications are several orders of magnitude 
larger than everything you have probably ever seen!

For example, a crude measure of complexity is the number 
of lines of code in a package (as of 2018):

● Deal.II has 1.1M
● PETSc has 720k
● Trilinos has 3.3M

At this scale, software development does not work the 
same as for small projects:

● No single person has a global overview
● There are many years of work in such packages
● No person can remember even the code they wrote
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Complexity of software

The only way to deal with the complexity of such software 
is to:

● Modularize: Different people are responsible for 
different parts of the project.

● Define interfaces: Only a small fraction of functions in a 
module is available to other modules

● Document: For users, for developers, for authors, and 
at different levels

● Test, test, test
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How do we write software

Successful software must follow the prime directive of 
software:

● Developer time is the single most scarce resource!

As a consequence (part 1):
● Do not reinvent the wheel: re-use what others have 

already implemented
● Use the best tools
● Do not become the bottleneck (e.g. by not writing 

documentation)

● Delegate. You can't do it all.
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How do we write software

Successful software must follow the prime directive of 
software:

● Developer time is the single most scarce resource!

As a consequence (part 2):
● Use strategies to avoid introducing bugs
● Test, test, test: 

- The earlier a bug is detected the easier it is to find
- Even good programmers spend more time debugging
  code than writing it
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Verification & validation (V&V): Verification

Verification: Ensuring that the software solves the problem 
it is supposed to solve: 

“The program solves the problem correctly”

A common strategy to achieve this is to...
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Verification: Ensuring that the software solves the problem 
it is supposed to solve: 

“The program solves the problem correctly”

A common strategy to achieve this is to test test test:
● Unit tests: verify that a function/class does what it is 

supposed to do (assuming that correct result is known)
● Integration tests: verify a whole algorithm (e.g. using 

the “Method of Manufactured Solutions”)
● Write regression tests that verify that the output of a 

program does not change over time

Software that is not tested does not
produce the correct results!

(Note that I say “does not”, and not “may not”!)

Verification & validation (V&V): Verification
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Validation: Ensuring that the software solves a formulation 
that accurately represents the application:

“The program solves the correct problem”

The details of this go beyond this class.

Verification & validation (V&V): Validation
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Testing

Let me repeat the fundamental truth about software with 
more than a few 100 lines of code:

Software that is not tested does not
produce the correct results!

No software that does not run lots of automatic tests can 
be good/usable.

As just one example (numbers as of 2018):
● deal.II runs ~10,000 tests after every single change
● This takes ~20 CPU hours every time
● The test suite has another 520,000 lines of code.
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Documentation

Documentation serves different purposes:
● Spells out to the developer what the implementation of 

a function/class is supposed to do (it's a contract)
● Tells a user what a function does
● Must come at different levels (e.g. functions, classes, 

modules, tutorial programs)

Also:
● Later reminds the author what she had in mind with a 

function
● Avoids that everyone has to ask the developer for 

information (bottleneck!)
● Document the history of a code by using a version 

control system
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Social issues

Most HPC software is a collaborative effort. Some of 
the most difficult aspects in HPC are social:

● Can I modify this code?
● X just modified the code but didn't update the 

documentation and didn't write a test!
● Y1 has written a great piece of code but it doesn't 

conform to our coding style and he's unwilling to adjust 
it.

● Y2 seems clever but still has to learn. How do I interest 
her to collaborate without accepting subpar code?

● Z agreed to fix this bug 3 weeks ago but nothing has 
happened.

● M never replies to emails with questions about his code.
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Future issues
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Questions and mailing lists

You may want to join the deal.II mailing list:

http://www.dealii.org/mail.html

● You can ask questions and find help

● You learn what others do

● You learn by reading others' questions and the answer 
to that
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Contributing

You should consider contributing to the library!

● Give back to the community!

● Support a project that is always in need of new 
contributors

● We work very hard to be supportive of newcomers and 
work with them to get their patches into the next 
release!
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Referencing deal.II

In order to justify what we do, we need to show that 
deal.II is relevant:

We do this by listing publications that use the library:

http://www.dealii.org/publications.html

Please please please let us know if you...

● ...write a paper, preprint, book with the help of deal.II

● ...write a BSc, MSc, PhD thesis

...by emailing  any of the authors or the public mailing 
lists!

http://www.dealii.org/
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Publishing entire applications

deal.II has a long list of tutorial programs:
● demonstrate how to solve various applications
● main focus is on showing how to use deal.II.

There is a need for a forum for people to share their 
own applications:

● To allow others to stand on the shoulders of giants!
● To obtain a publication from your work that can be cited
● To uphold the spirit of reproducible science

For this, there is the “code gallery”:
 http://dealii.org/code-gallery.html 
Consider contributing!
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