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EXperiences from 25 years of
GROMACS development

| <L 201-S8gessfuly butincreasingly painful?
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" he application of a systematic, disciplined, quantifiable
approach to the agevelopment, operation and maintenance oft




Sclentist Software engineer

mentality mentality
* Trained in physics, e Trained in CS/software
chemistry, etc.
e Cares about their problem e Cares about their code
e Cares about short-term e Cares about long-term
deadlines maintenance
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* New code = liabilit




“Technical Debt is a wonderful metaphor developed by Ward
Cunningham to help us think about this problem. In this metaphor,
doing things the quick and dirty way sets us up with a technical debt,

which is similar to a financial debt. Like a financial debt, the technical
debt incurs interest payments, which come in the form of the extra

effort that we have to do in future development because of the quick and

dirty design choice. We can choose to continue paying the interest, or
we can pay down the principal by refactoring the quick and dirty

1 deszgn znto the better deszgn Although zt costs 10 pay down the
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Why Open Source & Software Engineering Matter

The main point of open software is not cost, but that colleagues can check
each other’s code & assumptions and advance science by correcting flaws.

22 Aug 2018 n Research & Technolooy DOI:10.1063/PT.6.1.20180822a
The war over supercooled water “One of the real travesties is that

How a hidden coding error fueled a seven-year dispute between two of condensed matter’'s top theorists.

Aoy . smar there’s no way you could have
46K QOOOO e cproduced [the Berkeley team's]
algorithm—the way they had
Implemented their code —from
..,& reading their paper. If this had been
ﬂ[’f oo adisclosed, this saga might not have

—~ < &Y ’ g gone on for seven years.”

Physics Today, Aug 22: Recollection of Chandler/lemer VS.
Debenedetti 7-year fight over supercooled water; turned out to be
algorithm implementation issue in code authors resisted sharing.
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https://aithub.conV/IHPCOSS/software-engineering
Please DO steal this and use it as a template for your owh Prcje&%!

vVnen that Is not advanced enougn:

Nttp://www.gromacs.org
t.//git.gromacs.org



https://github.com/IHPCSS/software-engineering
http://www.gromacs.org
http://gerrit.gromacs.org
http://redmine.gromacs.org
http://jenkins.gromacs.org

What changed in our code since Jan 17

What changed in our code last week”

o/71 commits

A9 commits

D, /92 fles changed

183 flles changeo

tlons

ne InNser

Lol
1,622,410 line deletions

)

Lol

ONS

[

ne inser

Sl
3,320 line deletions

)

®

“lemporarily removed a bunch of kernels




Better source control: GIT
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http://gitlab.com
http://github.com
https://github.com/IHPCSS/software-engineering

VVnat git will give you

THISIS GIT: IT TRACKS COLLABORATIVE. WORK
ON PROJECTS THROUGH A BEAUTIFUL
DISTRIBUTED GRAPH THEORY TREE. MODEL.

{ COOL. HOU DO WEVSE IT?

NO IDEA. JUST MEMORIZE. THESE. SHELL
COMMANDS AND TYPE THEM T SYNC UP
IF YOU GET ERRORS, SAVE YOUR LJORK
ELSEWHERE, DELETE THE PROJECT,
AND DOUNLOAD A FRESH COPY.

\




One Possible Git Workflow:
Multiple branches & merging

@GS Not deployable.

Deployable..
with a day's notice

Release to
production

Integration Branch

Wolf Project

r”asabvte

: pletm

Dog Project
rel@gsable

p—

—ach feature Is a new branch

Think of the hybrid challenge:

« Common base is the scalar version
 [eature 1: MPI

e Feature 2: OpenMP

o Feature 3: OpenACC

Imagine that these tfeatures have now been
developed/improved over
3 montns.

Each feature branch works great, but major
pains when you need to combine them &
release




Better approach: (Constant) rebasing

e Think of feature commits as work-in-progress
e.g. on my laptop) that have not yet made It
iINto our common master branch

A large project like GROMACS can have
feature hundreds of such work-in-progress commits;
each of them is independent of all other feature
commits




Good git commits are

o Small (think 10-100 lines, not 1000)

» Decomposed as far as possible
* [imited to address a single issue
 Well documented

e [ested to work

This type of commit will also
be close to trivial fo rebase!

Have a look at some of the commit
N the IHPCSS-laplace repo!

Initial CMake support, change to use C++ compiler Browse files

Trivial CMake file added that builds a binary
from the source in the current directory, and the
source has been renamed to use the C++ compiler.

I’ master

Erik Lindahl committed on Jul 9, 2018 1 parent 962bdd9 commit 45d2c4833b8ccd9477df6581e1131b73e8e16d79

Showing 2 changed files with 14 additions and O deletions. Unified | Split

v 14 mEmEE (MakeLists.txt [

@@ -0,0 +1,14 @@

o+
o+

+
+
+
+

4
# Example CMake file for John Urbanic's laplace

# solver, now using a C++ compiler.
#

# Make sure we don't have a pre-historic CMake version
cmake_minimum_required (VERSION 2.8)

# We want a name

project(Laplace)

# Build the binary 'laplace' from the source file (now renamed to be a c++ source)

add_executable(laplace laplace_serial.cpp)

v 0 laplace_serial.c » laplace_serial.cpp E§

File renamed without changes.




S your code portaple’?

Does your code compile on

windows (MSVC)":
PGl Compilers? Pathscale?
e > (ONe

\
o

s IR L e
;



What Is a build chain”

The typical user progression:

* |ssue compiler commands manually




“Where Is t
“What vers
‘Is the Inte

Con

Does this com

s this a big or small endian system
s a long integer 4 or 8 bytes on this host?”

figuration

ne X11 library”? MKL"? LiobXML"?”
ion is the FFTW library?”
Math Kernel Library installed®?”

Do we use that buggy gcc version?”

oiler understand Xeon Phi AVX5127"
“Which flags should be used to ena

ole C++11 for this compiler?”
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CMake: Cross-platform replacement for
Autoconf, Automake, Libtool
instead of ./configure; make; make install

<> | (@] + Abup//www.cmakeorg) 00000 ¢ | (Qr cmake
& [1] == YouTube Yahoo! Wikipedia News (345) ¥ Popular ¥ Namnden for...Idning, NFB Google Maps Namnden for...Idning, NFB

® OO0 CMake - Cross Platform Make

OPEN SOURCE

Welcome to CMake, the cross-platform, open-source build system. CMake is a family of

tools designed to build, test and package software. CMake is used to control the software CMa ke 288 A\/a||ab|e
compilation process using simple platform and compiler independent configuration files. See what's new with the CMake 2.8.8 release

CMake generates native makefiles and workspaces that can be used in the compiler

environment of your choice.

News More News >

04.19.2012 CMake 2.8.8 is Now Available

03.02.2012 CDash 2.0.2 Now Available

01.12.2012 Kitware Collaborates with NREL on Software Process for Radiance P... Download Now »
01.02.2012 CMake 2.8.7 Now Available

10.31.2011 Kitware Courses Move to Webinar Format

Sandia
National

LIBRARY OF \ Laboratories
MEDICINE

IAMICIAICCITALS e .



GROMACS has

" CheckCCompilerFlag.cmake

~ CheckCXXCompilerFlag.cmake

" cmake_uninstall.cmake.in

" FindEXTRAE.cmake

" FindFFTW.cmake

" FindVMD.cmake

© gmxBuildTypeProfile.cmake

- gmxBuildTypeReference.cmake

- gmxBuildTypeReleaseWithAssert.cmake
- gmxBuildTypeThreadSanitizer.cmake
" gmxCFlags.cmake

- gmxDetectClang30.cmake

" gmxDetectGpu.cmake

- gmxDetectSimd.cmake

" gmxDetectTargetArchitecture.cmake
- gmxFindFlagsForSource.cmake

- gmxGCC4403BugWorkaround.cmake
- gmxGenerateVersioninfo.cmake

" gmxManageBlueGene.cmake

- gmxManageFFTLibraries.cmake

- gmxManageGPU.cmake

- gmxManagelLinearAlgebralibraries.cmake
" gmxManageMPl.cmake

- gmxManageNvccConfig.cmake

- gmxManageOpenMP.cmake

" gmxManageSharedLibraries.cmake
" gmxManageSuffixes.cmake

- gmxOptionUtilities.cmake

" gmxSetBuildInformation.cmake

- gmxTestAVXMaskload.cmake

" gmxTestCatamount.cmake

- gmxTestCompilerProblems.cmake

T gmxTestCXX11.cmake

- gmxTestdlopen.cmake

" gmxTestFloatFormat.cmake

- gmxTestinlineASM.cmake

" gmxTestlsfinite.cmake

- gmxTestLargeFiles.cmake

" gmxTestLibXml2.cmake

- gmxTestMPI_IN_PLACE.cmake

~100 CMake tests for features/bugs/libraries/compilers

MACRO (GMX_TEST_AVX_GCC_MASKLOAD_BUG VARIABLE AVX_CFLAGS)
IF(NOT DEFINED ${VARIABLE})
MESSAGE (STATUS "Checking for gcc AVX maskload bug")
# some compilers like clang accept both cases,
# so first try a normal compile to avoid flagging those as buggy.
TRY_COMPILE(S{VARIABLE}_COMPILEOK "${CMAKE_BINARY_DIR}"
"${CMAKE_SOURCE_DIR}/cmake/TestAVXMaskload.c"
COMPILE_DEFINITIONS "sS{AVX_CFLAGS}" )
IF(${VARIABLE}_COMPILEOK)
SET(${VARIABLE} @ CACHE INTERNAL "Work around GCC bug in AVX maskload argument'" FORCE)
MESSAGE (STATUS "Checking for gcc AVX maskload bug - not present")
ELSE()
TRY_COMPILE(${VARIABLE}_COMPILEOK "${CMAKE_BINARY_DIR}"
"S{CMAKE_SOURCE_DIR}/cmake/TestAVXMaskload.c"
COMPILE_DEFINITIONS "S{AVX_CFLAGS} -DGMX_SIMD_XB86_AVX_GCC_MASKLOAD_BUG" )
IF(${VARIABLE}_COMPILEOK)
SET(${VARIABLE} 1 CACHE INTERNAL "Work around GCC bug in AVX maskload argument"™ FORCE)
MESSAGE (STATUS "Checking for gcc AVX maskload bug - found, will try to work around")
ELSE()
MESSAGE (WARNING "Cannot compile AVX code - assuming gcc AVX maskload bug not present." )
MESSAGE (STATUS "Checking for gcc AVX maskload bug - not present")
ENDIF()
ENDIF()
ENDIF()
ENDMACRO( )

Optional components (FFT libs) and extensive regressiontests can
be downloaded automatically

Generators: Makefiles, Eclipse, Xcode,
VisualStudio, nmake, CodeBlocks, KDevelop3, etc.

But don’t start with GROMACS: Look at the CMakeLuists.txt in the
HPCSS/software-engineering example: 75 lines and a few modules for
complete detection of compilers, OpenMP, OpenACC, MPI, and
everything else you’ll see on the next few slides!




The complete CMakelists.txt for the IHPCSS Laplace code

#

# Example CMake file for the IHPCSS Software Engineering
# project, based on John Urbanic's laplace

# solver ported to use a C++ compiler.

#

# Make sure we don't have a pre-historic CMake version
cmake_minimum_required (VERSION 3.0)

# Enable policy 0048 to allow setting version with the project command
set (CMPQ048 NEW)

list (APPEND CMAKE_MODULE_PATH ${CMAKE_CURRENT_SOURCE_DIR}/cmake)

project(Software-engineering VERSION 0.2)
set (PROJECT_VERSION_STRING "${PROJECT_VERSION}")

set (CMAKE_LIBRARY_OUTPUT_DIRECTORY ${CMAKE_BINARY_DIR}/1lib)
set (CMAKE_ARCHIVE_OUTPUT_DIRECTORY ${CMAKE_BINARY_DIR}/lib)
set (CMAKE_RUNTIME_OUTPUT_DIRECTORY ${CMAKE_BINARY_DIR}/bin)

set (CMAKE_BUILD_TYPE "Release" CACHE STRING "Choose type of build, options are: Debug, MinSizeRel, Release, RelWithDebInfo"

option(BUILD_TESTS "Enable unit test building" ON)

option(MPI "Enable MPI compiler support" OFF)
option(OPENMP "Enable OpenMP compiler support" OFF)
option(OPENACC "Enable OpenACC compiler support" OFF)

# Use GNUInstallDirs to set paths on multiarch systems.
include(GNUInstallDirs)

# Add the MPI/OpenMP/0OpenACC compiler flags before other tests,
# since this might change the behavior on some platforms

if (MPI)

find_package (MPI)
if (MPI_CXX_FOUND)

set (CMAKE_CXX_FLAGS "${CMAKE_CXX_FLAGS} ${MPI_CXX_COMPILE_FLAGS}")
include_directories (${MPI_CXX_INCLUDE_PATH})

set (CMAKE_EXE_LINKER_FLAGS ${MPI_CXX_LINK_FLAGS})

set (CMAKE_SHARED_LINKER_FLAGS ${MPI_CXX_LINK_FLAGS})

1ist (APPEND EXTRA_LIBRARIES ${MPI_CXX_LIBRARIES})

set (HAVE_MPI TRUE)

else()

message(ERROR "MPI support requested, but no compiler support found.")

endif()

endif()

if (OPENMP)
find_package(OpenMP)
if (OPENMP_FOUND)

set (CMAKE_CXX_FLAGS "${CMAKE_CXX_FLAGS} ${OpenMP_CXX_FLAGS}")
set (HAVE_OPENMP TRUE)

else()

message (ERROR "OpenMP support requested, but no compiler support found.")

endif()

endif()

if (OPENACC)
find_package(0OpenACC)
if (OPENACC_CXX_FOUND)

set (CMAKE_CXX_FLAGS "${CMAKE_CXX_FLAGS} ${OpenACC_CXX_FLAGS}")
set (HAVE_OPENACC TRUE)
set (OPENACC_VERSION OpenACC_CXX_VERSION)

else()

message(ERROR "OpenACC support requested, but no compiler support found.")

endif()

endif()

# Test and add some extra compiler flags

include(CompilerFlags)

add_subdirectory(src)

add_subdirectory(docs)
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Direct source code documentation should stay in the source!

® OO0 Doxygen: Main Page
(<> ] (O] (2] (L) (O] [+] www.stack.n

[I] =22  Umea Univer..miiSkolan How to Do ...n — Medium Computation...gy Council Varfér denna...naljapen.se

PDoxygen
PI_glg—IP -F

Home Downloads Documentation Extensions Support

Doxygen ; |
— - Doxygen

Downloads

Changelog

Documentation Generate documentation from source code

Get Involved
Wish list
Examples
Links

Doxygen is the de facto standard tool for generating documentation from annotated C++
sources, but it also supports other popular programming languages such as C, Objective-C, C#,
PHP, Java, Python, IDL (Corba, Microsoft, and UNO/OpenOffice flavors), Fortran, VHDL, Tcl, and to

some extent D.
Extensions

Support | Doxygen can help you in three ways:

Donate . . . .
1. It can generate an on-line documentation browser (in HTML) and/or an off-line reference

manual (in IXTEX) from a set of documented source files. There is also support for

generating output in RTF (MS-Word), PostScript, hyperlinked PDF, compressed HTML, and
Unix man pages. The documentation is extracted directly from the sources, which makes it
much easier to keep the documentation consistent with the source code.

. You can configure doxygen to extract the code structure from undocumented source files.
This is very useful to quickly find your way in large source distributions. Doxygen can also
visualize the relations between the various elements by means of include dependency
graphs, inheritance diagrams, and collaboration diagrams, which are all generated
automatically.

. You can also use doxygen for creating normal documentation (as | did for the doxygen

user manual and web-site).

Doxygen is developed under Mac OS X and Linux, but is set-up to be highly portable. As a result,

it runs on most other Unix flavors as well. Furthermore, executables for Windows are available.




Doxygen example - our random module: [ =y

/%! \brief ThreeFry2x64 random engine with 20 iteractions.
Main Page | Modules ' Other Docs | Namespaces Files Examples

\tparam internalCounterBits, default 64.

Class List | Class Index I Class Hierarchy l Class Members l
This class provides very high quality random numbers that pass all

BigCrush tests, it works with two 64-bit values each for keys and gnm:/ ThreeFry2x64 /
counters, and is most efficient when we only need a few random values
before restarting the counters with new values. . .
gmx::ThreeFry2x64< internalCounterBits > Class Template Reference
template<unsigned int internalCounterBits = 64>
class ThreeFry2xé4 : public ThreeFry2xé4General<20, internalCounterBits>
{ #include <gromacs/random/threefry.h>
public:
/%! \brief Construct ThreeFry random engine with 2xé4 key values, 20 rounds. » Inheritance diagram for gmx::ThreeFry2x64< internalCounterBits >:
*
\param key® Random seed in the form of a é4-bit unsigned value. » Collaboration diagram for gmx::ThreeFry2x64< internalCounterBits >:
\param domain Random domain. This is used to guarantee that different
applications of a random engine inside the code get different
streams of random numbers, without requiring the user L
to provide lots of random seeds. Pick a value from the DeSCﬂptlon
RandomDomain class, or RandomDomain::0Other if it 1is
not important. In the latter case you might want to use
\ref gmx::DefaultRandomEngine instead.

template<unsigned int internalCounterBits = 64>
class gmx::ThreeFry2x64< internalCounterBits >

\note The random domain is really another 64-bit seed value.
ThreeFry2x64 random engine with 20 iteractions.
\throws InternalError if the high bits needed to encode the number of counter

bits are nonzero. Template Parameters

*
*
*
*
*
%
*
*
*
*
*
%
*

*/

ThreeFry2x64(uinté4_t key® = 0, RandomDomain domain = RandomDomain::0ther) : ThreeFry2xé64General<20, interna internalCounterBits,default 64.

/*! \brief Construct random engine from 2x64-bit unsigned integers, 20 rounds This class provides very high quality random numbers that pass all BigCrush tests, it works with two 64-bit values each for keys and co

This constructor assigns the raw 128 bit key data from unsigned integers.

It is meant for the case when you want full control over the key, PUblIC Member FunCtionS

for instance to compare with reference values of the ThreeFry
function during testing. ThreeFry2x64 (uint64_t key0=0, RandomDomain domain=RandomDomain::Other)

Construct ThreeFry random engine with 2x64 key values, 20 rounds. More...

\param key® First word of key/random seed.
\param keyl Second word of key/random seed. ThreeFry2x64 (uint64_t keyO, uint64_t key1)

: : : Construct random engine from 2x64-bit unsigned integers, 20 rounds. More...
\throws InternalError if the high bits needed to encode the number of counter 9 9 9

bits are nonzero. To test arbitrary values, use @ internal counter bits.

¥ X X ¥ X X X ¥ ¥ X X ¥

y » Public Member Functions inherited from gmx::ThreeFry2x64General< 20, internalCounterBits >

ThreeFry2x64(uinté4_t key@, uinté4_t keyl) : ThreeFry2x64General<20, internalCounterBits>(key®, keyl) {}
Additional Inherited Members

The beSt COmmeﬂtS dOn,t exp‘ain What your COde >PubficTyp¢.es inheritedfrom.gmx.::Thre-eeFry2x64GeneraI<20, internaICounterBits.> |
does, they explain WHY you do it this way! o ’

The IHPCSS/software-engineering example comes with full Doxygen integration - but we have not yet
had time to document the code! CMake finds “doxygen” automatically so you can do "make doxygen”




High level non-source-code documentation: SPHINX (from Python)

. _laplace_equation:

A software-engineering

The Laplace Equation

The Laplace Equation

Problem description
AAAAAAAAAAAAAAAAAAA

The Laplace equation is one of the most common in physics and
describes a large number of phenomena, including heat transfer.

This project is a simple example of how to implement a trivial
Laplace solver, and in particular how to extend it with reasonable Software Engineering
software engineering practices including an automated build system,
documentation, and some other bells and whistles.

Join us for

PYCAN_AFRICH

Laplace's equation is a special case of Poisson's equation, and
valid when there are no sources or sinks adding or removing heat
in the system:

in Accra, Ghana o
August 6-10, 2019

. math:: \Delta u(x,y) = \frac{\partialA2 u}{\partial xA2} + \frac{\partialA2 u}{\partial yA2} = 0

If we discretize this equation on a grid where each cell has side h,
the first index (i) corresponds to x and the second (j) to vy, Join us for the very first regional African

and approximate the derivatives from finite differences, we get Pycon #® this August in Accra, Ghana
. math:: \leftC u_{i,j-1} + u_{i,j+1} + u_{i-1,3} + u_{i+1,j} - 4 u_{i,3j} \right) / hA2 = 0,

Community Ad
which we can simplify into (note how h disappears)

. math:: u_{i,j} = 0.25 \leftC u_{i,3-1} + u_{i,j+1} + u_{i-1,3} + u_{i+1,3j} \right).

. image:: /_static/grid_elements.png
:scale: 50%

Since this has to hold for every element in the grid, we need to iterate over the
grid until the solution converges - and that is the task of this code. There are
actually significantly more efficient algorithms to accomplish this

(using e.g. over-relaxation), but since the point of this example is to illustrate
software optimization and HPC software engineering practices rather than algorithms
to best solve Laplace's equation we won't implement that since it would complicate
the code.

Orientation of the grid
AAAAAAAAAAAAAAAAAAAAAAN

Fully integrated into IHPCSS-laplace.
Check out the docs folder, and if you have
sphinx/latex installed you can type

‘make sphinx-html” or "make sphinx-pdf”.

Docs » IHPCSS Laplace Solver O Edit on GitHub

THPCSS Laplace Solver

e The Laplace Equation
o Problem description
o Orientation of the grid
o |nitial and boundary conditions
e Software Engineering
o Git & GitHub for source code tracking
o lIssue Tracking at GitHub
o CMake for Build Configuration
o Working With CMake
o Additional CMake Modules
o Travis Continuous Integration
o General Documentation with Sphinx
o Code Documentation with Doxygen
o Unit tests with GoogleTest
o Source Code Directory Organization

Indices and tables

e |ndex
e Module Index
e Search Page

Next ©

© Copyright 2014-2018, John Urbanic, Erik Lindahl, Elsa Gonsiorowski. Revision 5a79153b.

Built with Sphinx using a theme provided by Read the Docs.

... and we have integrated it with readthedocs.org! Any time a new change is pushed to the

gibhub repo, documentation is built automatically at http://software-engineering.readthedocs.or



http://readthedocs.org
http://software-engineering.readthedocs.org
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Vodularization

* Avoid code Inter-dependencies
 Have modules doing clearly separate tasks
 Have a clear (documented) API for each module
* Make sure all code is thread-sate!
e Strict code organization:
* One directory per module, e.qg. src/foo - with documentation for that module

ST AR -
s 0

‘declared in src/foo/




| anguages”

« "REAL PROGRAMMERS CAN WRITE FORTRAN IN ANY LANGUAGE"

* "C combines the flexibility and power of assembly language with the
ser-friendliness of assembly language.’
 “C makes it easy to shoot yourselt in the foot; C++ makes it harder, but
when you do it blows your whole leg off.”
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The Case for C++

Modern: Threads, atomics, etc. part of C++11

Very powerful library with containers, algorithms
Strongly typed language

Still a low-level language - you control data exactly

x

F
P,




Example: If you have ever worked with mutex:es to make sure only one thread
accesses a critical region, you have likely bumped into race conditions or deadlocks
e.g. when you forget to release a mutex in complex code.

These errors are insanely difficult to debug, since it depends in dynamic

timing events - when you run it in the debugger there won't be any error!

Definition: Usage In client code:
class Lock { Mutex m;:
public:

explicit Lock(Mutex *pm)




One more problem: What happens if you copy that class” Then the first object to
go out of scope will release the mutex, while the second thinks it's still locked (=bad)!

Easy to fix in C++11: Just use a reference-counted shared pointer.
Note: no change to the client code.

Definition: Usage In client code:

class Lock {
public:
cexplicit TookiMptex domlii e o

Mutex m;
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Surprise: C++ can be (much) faster than FORTRAN or C!

C/FORTRAN C++11

template <int choiceA, int choice B>

int int
myFunc(obj_t obj, int choiceA, int choice B) myFunc (obj t obj)
for(int 1=0;i<obj.N;i++) for(int i=0;i<obj.N;i++)
: : { _
1f(choiceA==1) if(choiceA==1)
%f(choiceB==1) if(choiceB==1)
} kGFﬂGlCOdel; : kernelcodel;
else if(choiceB==2) else if(choiceB==2) : :
O | { This C++ code will
y ernelcodeZ; , kernelcode2;
}
?'Lse if(choliceA==2) %1se if (choiceA==2) be fUHy expanded by the
if{choiceb==1) i (choiceB==1) compller. No conditionals
) kernelcode3; kernelcode3; ,
?153 if(choiceB==2) z'l_se if(choiceB==2) present In the generated
kernelcode4; kernelcode4;
. - assemply code.
}
} } '
calling code in different translation unit: calling code in different translation unit:

_ extern template int myFunc<2,3>(obj_t obj)
myFunc(obj,2,3); myFunc<2,3>(obj);



Circular dependencies are bad. If a test fails, where is the bug here”

“It has been discovered that C++ provides a remarkable facility for concealing
the trivial details of a program - such as where its bugs are.” (David Keppel)



Modularization: Just say ‘'no’ to circular dependencies

anonymous_namespace
{histogram.cpp}::MockAverage

Classes e
A/gmx: :anonymous_names pace

gmx::AbstractAverageHistogram j«¢——— {histogram.cpp}: :§taticAverage

Histogram

\ src/gromacs/simd/simd.h
gmx::AnalysisArrayData

gmx::interal::BasicAverage e a e rS

HistogramModule

gmx::AbstractAnalysisArrayData gmix::AnalysisDataAverage
Module
gromacs/simd/impl_reference
- : fimpl_reference.h
gmx::AnalysisDala gmx::AnalysisDataBinAverage P
Module
gmx::AnalysisDataDisplacement

Module gmx::AnalysisDatalifetime

/ Module math.h gromacs/utility/fatalerror.h
. - gmx::AnalysisDataFrameAverage
gmx..AbstractAnalySIsD‘da\ Module J \

::AnalysisDataP initi I
gmx::AnalysisDataProxy gromacs/utility/basedefinitions.h stdarg.h stdio.h

gmx::AnalysisDataSimpleHistogram
Module

limits.h stdint.h inttypes.h

gmx::AnalysisDataWeighted
HistogramModule

This is hard, but Doxygen helps you detect it!

For our project (GROMACGS), our code management system will not
allow any developer to submit a file with a circular dependency.
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googletest - Google C++ Testing Framework - Google Project Hosting
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Project Home

Downloads

googletest Aggressive unit testing: “Trust, but verify”

Google C++ Testing Framework

Wiki Issues

erik.lindahl@gmail.com v | My favorites ¥

Source

Summary People

Project Information

Starred by 2339 users
Project feeds

Code license
New BSD License

Labels
Cplusplus, Testing,

Framework, Tests, Unittests,

Cpp, Google

4 & Members

|...@qooqgle.com,
zhanyong...@gmail.com,
w...[@google.com,
ko...@google.com,
sbe...@qgoogle.com,
billydon...@google.com
8 committers

Featured

. Downloads

qgtest-1.7.0.zip

K+1 1k

Google's framework for writing C++ tests on a variety of platforms (Linux, Mac OS X, Windows, Cygwin, Windows CE, and Symbian). Based on

the xUnit architecture. Supports automatic test discovery, a rich set of assertions, user-defined assertions, death tests, fatal and non-fatal failures,

value- and type-parameterized tests, various options for running the tests, and XML test report generation.

Getting Started

After downloading Google Test, unpack it, read the README file and the documentation wiki pages (listed on the right side of this front page).

Who Is Using Google Test?

In addition to many internal projects at Google, Google Test is also used by the following notable projects:

e The Chromium projects (behind the Chrome browser and Chrome OS)
e The LLVM compiler
e Protocol Buffers (Google's data interchange format)

If you know of a project that's using Google Test and want it to be listed here, please let googletestframework@googlegroups.com know.

Google Test-related open source projects

Google Test Ul is test runner that runs your test binary, allows you to track its progress via a progress bar, and displays a list of test failures.
Clicking on one shows failure text. Google Test Ul is written in C#.




xamp\e Gromacs unit tests:  The idea is that you should test everything

TEST_P(FFTTestlD, Real)
. 206 TEST_F(SimdFloatingpointTest, gmxSimdGetMantissaR)
const int rx = GetParam(); 205l {
const int cx = (rx/2+1); | | _ | 206 GMX_EXPECT_SIMD_REAL_EQ(setSimdRealFrom3R(1.219897320577810839026256,
ASSERT_LE(cx*2, static_cast<int>(sizeof(inputdata)/sizeof(real))); 207 1.166738027848349235071623,
1.168904015004464724825084), gmx_simd_get_mantissa_r(rSimd_Exp));
#if (defined GMX_SIMD_HAVE DOUBLE) && (defined GMX_DOUBLE)
GMX_EXPECT_SIMD_REAL_EQ(setSimdRealFrom3R(1.241261238952345623563251,
1.047294723759123852359232,
1.856066204750275957395734), gmx_simd_get_mantissa_r(rSimd_ExpDouble));

Lo TR o BN o ] ~

in_ std::vector<real>(inputdata, inputdata+cx*2);
out_ = std::vector<real>(cx*2);

real* in = &in_[0];

real* out = &out_[@];

#endif
}

TEST_F(SimdFloatingpointTest, gmxSimdSetExponentR)
{

gmx_fft_init_1d_real(&fft_, rx, flags_);

gmx_fft_1d_real(fft_, GMX_FFT_REAL_TO_COMPLEX, in, out);
checker_.checkSequenceArray(cx*2, out, "forward");
gmx_fft_1d_real(fft_, GMX_FFT_COMPLEX_TO_REAL, in, out);
checker_.checkSequenceArray(rx, out, "backward");

NN N N N N NN
b b A A A M A BB OO D
O N O N B W N e

gmx_simd_real_t x® = setSimdRealFrom3R(@.5, 11.5, 99.5);
gmx_simd_real_t x1 = setSimdRealFrom3R(-0.5, -11.5, -99.5);

GMX_EXPECT_SIMD_REAL_EQ(setSimdRealFrom3R(pow(2.0, 60.0), pow(2.0, -41.8), pow(2.9, 54.0)),
gmx_simd_set_exponent_r(setSimdRealFrom3R(60.0, -41.9, 54.8)));
#if (defined GMX_SIMD_HAVE_DOUBLE) && (defined GMX_DOUBLE)
GMX_EXPECT_SIMD_REAL_EQ(setSimdRealFrom3R(pow(2.08, 587.0), pow(2.0, -462.0), pow(2.0, 672.0)),
gmx_simd_set_exponent_r(setSimdRealFrom3R(587.0, -462.0, 672.0)));

NN
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#Fendif
/* Rounding mode in gmx_simd_set_exponent_r() must be consistent with gmx_simd_round_r() =/
GMX_EXPECT_SIMD_REAL_EQ(gmx_simd_set_exponent_r(gmx_simd_round_r(x@)), gmx_simd_set_exponent_r(x0));
GMX_EXPECT_SIMD_REAL_EQ(gmx_simd_set_exponent_r(gmx_simd_round_r(x1)), gmx_simd_set_exponent_r(x1));

DO you think it’s overkill to test that hardware rounding works” In March 2014, this very test caught that
BM Power7 VMX uses different rounding modes for SIMD and normal floating-point to integer
conversions...

Spring 2018: Our unit tests caught that IBM had semi-silently had to change their binary ABI for
Power8/9 since their compiler specifications partly violated the C++ standard. Fedora running all our unit
tests caught it immediately, and a few hours later we had a workaround in the code.

Spring 2019: Our unit tests falled on the specific combination of gcc-7 and Intel AVX-512 hardware, but
only with -O3 flags. Turned out to be a bug in the gcc-7 AVX-512 loop unrolling optimization.




Good unit tests should isolate bugs to tiny parts of your code
In C++, each method in a class should ideally have exhaustive unit tests

IEST(NormalDistributionTest, Output) Are yOU awale Of the

gmx::test::TestReferenceData data;

gmx::test::TestReferenceChecker checker(data.rootChecker()); peCU\IarI’[IeS Of roundlng
gmx: :ThreeFry2x64<8> rng(123456, gmx::RandomDomain: :0ther); dlﬁerences dependlng

gmx: :NormalDistribution<real> dist(2.9, 5.0);

std: :vector<real> result; on whether your CPU hardware
for (int 1 = 0; 1 < 10; 1++) USES fUSGd Mu ’[Ip\y—add (FMA)

{ .
result.push_back(dist(rng)); VS Separa’[e mep‘y & add?
}

checker.checkSequence(result.begin(), result.end(), "NormalDistribution");

Test that a simple call to a normal distribution random generator returns the expected 10 numbers.

Why"? Because we found that libostdc++ and libcxx do not use the same algorithm, so code will not
produce the same results. We need to use our own algorithm - make sure it keeps working.

No need to ask: Of course we have integrated GoogleTest support into the IHPCSS/software-engineering

repo - but | have not had time to write the actual tests yet. However, as you add more tests, they will all
execute If you just issue "make check”.




Imagine a project with ~1000 classes, and that the class diagram lbelow is a small excerpt (it’s from Gromacs).

All classes have close-to-exhaustive unit tests - but your latest build now fails the unit test.
Green means the unit test for this class was OK, red means it failed.

Where do you look for the bug?

JONYMOuUs_namespace
cistogram.cpp}::MockAverage

xXianonymous_namespace

x::AbstractAverageHistogram IQ— wistogram.cpp}::StaticAverage

\ Histogram
ymx::AnalysisArrayData

ymx::intemal::BasicAverage
/ | HistogramModule

x::AbstractAnalysisArrayData x::AnalysisDataAverage
| Module

1X::AnalysisData

nx::AnalysisDataBinAverage

l Module
x::AnalysisDataDisplacement
| RIGHRG ’ 1x::AnalysisDatalifetime
/ | Module
: r .o 1
If each unit test targets a ’mxz:Absuacmnanysasoata | kAnalysisDataFrameAverage

small method/function, you
have isolated the bug to
Wl'th”"] ""50 ||nes_of_COde | |x::Analysis[:Aact)gfli;npleHistogram
before even opening your

. x::AnalysisDataWeighted
ed |'tO I | HistogramModule

L x::AnalysisDataProxy
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makes It into Gromacs

VWho Is allowed to write 1o your code repository”?

Problems if you think some
less talented developers
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Gerrit Code Review

gerrit - Gerrit Code Review - Google Project Hosting
¢ | [Q~ gerrit
..:: YouTube Yahoo! Wikipedia News (345) ¥ Popular ¥ Namnden for...Idning, NFB Google Maps Namnden for...Idning, NFB

erik.lindahl

4+ €} nttp://code.google.com/p/gerrit/

mail.com ¥ | My favorites ¥ | Profile | Sign out

Gerrit Code Review Search projects

Project Home Downloads Issues Source

Summary People

Project Information
l+1 h

Starred by 1374 users

Web based code review and project management for Git based projects.

Objective

Project feeds

Code license
Apache License 2.0

Labels

git, codereview, Google,

Gerrit is a web based code review system, facilitating online code reviews for projects using the Git version control system.
Gerrit makes reviews easier by showing changes in a side-by-side display, and allowing inline comments to be added by any reviewer.

Gerrit simplifies Git based project maintainership by permitting any authorized user to submit changes to the master Git repository,

rather than requiring all approved changes to be merged in by hand by the project maintainer. This functionality enables a more
centralized usage of Git.

jgit, VCS
News

+ % Members
SO oogle.com,

mf...@codeaurora.org, .
ziv...@gmail.com, e Jun 14, 2012 - Gerrit 2.4.1 Released

Zd?veilh..ke-s‘.ear;zi?;:(;m e May 25, 2012 - Gerrit 2.4 final Released
21 contributors

e Jun 25, 2012 - Gerrit 2.2.2.2, 2.3.1, 2.4.2 Released

May 23, 2012 - A new page dedicated to furthering Gerrit MultiMaster support

Featured May 23, 2012 - A new page dedicated to tips for Scaling Gerrit installations

¥ Downloads May 23, 2012 - Gerrit 2.4-rc2 Released

gerrit-2.4.2. war

Show all » May 21, 2012 - Hackathon Report

gpom 9] » ¢ WA I’ 5045 - Hecksou BEbOG

Nobody can commit directly to our central Git repo anymore
which means we can allow anybody to commit in getrit!
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status:open | gerrit.gromacs Code Review
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»
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Documentation
Abandoned

All Projects
Open Merged

status:open

Search for status:open

Owner Branch

Mark Abraham

Teemu Murtola

Subject
» New quote

Project

gromacs release-5-0

Improve module dependency graph layout gromacs master (doxygen)

Teemu Murtola
Erik Lindahl

Module dependency cycle checker for 'doc-check’ gromacs master (doxygen)

Updated reference with fixed potential-shift dispcorr regressiontests release-4-6

Fixed shift and switch modifiers, particularly for free-
energy

Remove mdrun -seppot

Berk Hess gromacs release-4-6

Mark Abraham gromacs master

Submitted, Merge
Pending

master
(legacyheaders)

regressiontests release-5-0

Teemu Murtola

Move atomprop.* to topology/ gromacs

Mark Abraham
Mark Abraham
Roland Schulz
Roland Schulz
Magnus Lundborg

Update tests using v-rescale

Use RNG correctly for v-rescale thermostat gromacs release-5-0

Move some verlet headers to mdlib master

RFC: Used IWYU to partially clean up includes

gromacs

gromacs master

Check to ensure not reading past end of file. tng master

Fixed wrong journal reference in manual David van der Spoel gromacs master

master (g-tune-pme-

Mark Abraham
reform)

Add StringFormatter and formatAndJoin to stringutil gromacs

Roland Schulz

Teemu Murtola

RFC: Make all include paths same format gromacs master

Replace all command line parsing with Options gromacs master (cmdline)

master
(legacyheaders)
master
(legacyheaders)

release-5-0

Move mtop_util.* and topsort.* to topology/ Teemu Murtola gromacs

Teemu Murtola

Remove more uses of typedefs.h gromacs

Erik Lindahl
Rossen Apostolov
Mark Abraham

David van der Spoel gromacs

Enable 4-letter residue names in PDB output
Updated C-/N-terminal partial charges in Amber03.1f.

gromacs
gromacs release-4-6

Convert repl_ex.c to C++ gromacs master (c++)

[RFC] Framework for analyzing energy files. master
Teemu Murtola

Roland Schulz

Improve FileNameOption error handling gromacs master (cmdline)

Fix ref error in pull gromacs release-4-6

Issue a warning for using gmx_rms -prev with large

. . release-4-6
trajectories.

Rossen Apostolov  gromacs

Roland has approved
Mark’s patch. Anybody can
add comments. \When two
trusted developers say OK,
the patch Is committed.

Search | Register | Sign

Updated
3:30 PM

2:42 PM
2:41 PM
2:11 PM

2:10 PM
2:09 PM
1:48 PM

1:25 PM
1:25 PM
11:36 AM
10:49 AM
9:47 AM
9:44 AM

5:57 AM

5:33 AM
Jun 1

Jun 1

Jun 1

Jun 1
Jun 1
Jun 1
May 31
May 31
May 31

May 31

Multiple patches In-flight

Gerrit/git do dependency tracking, patches can
oe relbased onto others by hitting a rebase
button, or even edited on-the-tly in the window

N N N W8S\ <

Extensive comments on
code during review

All Projects
Open Merged

Documentation
Abandoned

Change #, SHA-1, tr:id or owner:email

Change-Id: 11fb8eddbe7c8b029dc3686be801310831081c26¢C () Permalink )

Owner [Mark Abraham

Project Q gromacs

Commit Message

Use RNG correctly for v-rescale thermostat

Two integers were passed in the wrong order. I suspect from the

construction of the RNG that the only effect of this is to permit a

. rare re-use of a random number in a different RNG stream (i.e. no
Topic effect in practice).

Uploaded May 25, 2014 9:28 PM

Updated Jun 2, 2014 1:25 PM
| submit Type Rebase if Necessary

Branch release-5-0

Change-Id: Il1fb8eddbe7c8b029dc3686be80£3£083108fc28c

Status Review in Progress

Reviewer Code-Review Verified

‘ Mark Abraham
Roland Schulz v

¢ Need Verified

» Dependencies

Reference Version: | Base :

» Patch Set 1 7aff98680e3bfd29b7a3786799606bad068768f6 (github)

¥ Patch Set 2 9817980d60eab742f9d3e7468d210de82acB80bch (github)

Author [ Mark Abraham <mark.j.abraham@gmail.com>May 25, 2014 9:38 PM
Committer [Mark Abraham <mark.j.abraham@gmail.com>Jun 2, 2014 9:21 AM

Parent(s) abdacsssisasisBzeze99adecesassfs2d365805 Add quote on the kT-kj/mol conversion factor

checkout | pull | cherry-pick | patch | Anonymous HTTP |
git fetch https://gerrit.gromacs.org/gromacs refs/changes/05/3505/2 && git checkout FETCH HEAD |}

Download




Maintaining quality &
ing breaking stuff




enkins Continuous Integration

hitps://ienkins.io

jenkins.io

Jenkins - Blog Documentation Plugins Use-cases v Participate v  Sub-projects ¥ Resources v Security Press Conduct

Jenkins 2 is here

Jenkins 2 brings Pipeline as Co
maintaining backwards compa

Every single
commit Is tested
automatically on

our build farm,
including both
builds and



https://jenkins.io

GROMACS ClI tests for every commit

e Unit Tests: Do modules reproduce reference values?

* |ntegration tests: Does a normal full run work?

* Regression tests: Are previous simulation results identical?

* Physical validation tests: Do we reproduce statistical ensemble fluctuations?
e Clang AddressSanitizer: Catch simple memory errors

e Clang MemorySanitizer: Like Valgrind - memory debugging




Configuration Matrix bs- bs_gpu01 bs_mac bs_mic bs_nix- bs_nix- bs_nix1204 bs_nix1310 bs_nix1404 o -
Pre-submit GROMACS testing:

gcc-4.8 gpu cuda-7.0 cmake-3.8.1 mpi npme=1
nranks=2 openmp host=bs_nix1310

Changes cannot be committed in

cmake-3.6.1 release-with-assert simd=avx2 256
host=bs nix1204

Gerrit until this matrix is all-green.

host=bs mic

g7 dole ml i 120_fm Tests of a bunch of common

gcc-6 x11 host=bs_mac

S S - compiler/OS/hardware/acceleration
options.

clang-6 no-openmp asan cmake-3.11.4 tidy 9
host=bs niy OPTIONS

msvc-2017 openmp release-with-assert host=bs- Q
win2012r2

icc-18 no-thread-mpi double openmp mkl cmake- u
3.9.6 simd=none release host=bs_mic

icc-18 openmp opencl clFFT-2.14 cuda-7.5 mpi Q
release simd=avx2_256 host=bs_nix1310

gcc-5 openmp simd=avx_128_fma opencl clFFT-2.14
amdappsdk-3.0 host=bs_nix-amd_gpu

Configuration Matrix docker- bs- bs_jetson_tk1 bs_jetson_tx1 bs_mac bs_mic bs_nix- | bs_nix- |bs_nix- bs_nix1204 bs_nix1310 | bs_nix1404
ubuntu- win2012r2 amd amd_gpu tsan
15.04

gcc-5 simd=ARM_NEON release-with-assert J
host=bs_jetson_tk1

gcc-5 simd=ARM_NEON_ASIMD release-with-
assert host=bs_jetson_tx1

gcc-7 mpi no-openmp fftpack mdrun-only
host=bs_nix1404

icc-18 simd=avx_256 npme=1 nranks=2 no-openmp
double fftpack release host=bs_mic

Post-submit GROMACS testing: ES .

clang-4 simd=sse4.1 openmp nranks=1 gpu cuda-
8.0 clang_cuda host=bs_nix1204

Rare hardware and longer-running L

gcc-6 gpu npme=1 nranks=2 opencl cuda-7.5
simd=sse2 release host=bs_nix1310

erformance tests are performea
release-with-assert host=bs_nix1204
icc-16 msvc-2017 fftpack simd=avx2_256 release
host=bs-win2012r2
once eacl patc aS peel
simd=ARM_NEON_ASIMD release
host=bs_overdrive_1000

E l rOve d armclang-18.2 armhpc-18.2 openmp
[ simd=ARM_NEON_ASIMD release-with-assert

host=bs_overdrive_1000




Travis CI

https://travis-ci.org

e Jenkins is very powerful, but you need to set it up yourself to do
advanced stuff, and/or arrange access to special hardware

 |f your needs are more modest, Travis-Cl is a much simpler
environment that offers free Cl testing of open source GitHub
repositories

o Of course this is enables for the IHPCSS-laplace

repo: Every time | push an update, the code is built, followed by
- execution of the unit tests.

.

s S e Y 5 ~ s -3
" f 4 3



https://travis-ci.org

Redmine Issue tracking

T B ° \ersion 1.2.3 has bug X!

Sfalliiil L ST R

e How Is the work going on
refactoring module Y/

e Should we improve

v # v Project Tracker Status Priority Subject Assignee  Updated Sca"rg by method Z or Wf)

962 Gromacs Bug New Normal segv/hang of EM with Berk Hess 06/25/2012 11:30 am

foreign lambda's

959 Gromacs Bug ew Normal Issue with 06/20/2012 03:22 am
nonhomogeneous
boundaries and domain
decomposition

958 Gromacs Bug Normal MPI on Windows 06/27/2012 07:01 am 2 ’ =
957 Gromacs Bug ew orma urious parameters for 06/15/2012 01:18 am . y I We e< :I e O I I IO y

rgon in OPLS-AA and

a
956 Gromacs Bug ew Normal Unit cell expands in X/Y 06/25/2012 04:19 pm . 5 : :
at loop In file F In git change

simulation of an octane
slab with 8 threads and -

pd but not with 2 threads

Icfcaba’’

Closes #926 - Raw assembly code has been removed.

AUtOmaJ[IC referenCIHQ Refs #923 - 01d kernels removed, new will be added shortly.

Fixes #914 - Cmake now does architecture-speficic optimization.

: = Fi : , #913
|n COmmIt messages| iiggg ; - wWe detect rdtscp support with CPUID and use it if possible.
Closes # #574 - Altivec is now deprecated.

Change-Id: Icfca5a940762f8d82aeb7b59c65b2d2acb83256d

For IHPCSS/software-engineering, we use the simpler integrated issue tracker In
GitHub, but this too supports automated referencing e.g. for closing bugs.



http://randomascii.wordpress.com/category/floating-point/

Series of blog posts by Random ASCII

Bruce Dawson about
|[EEE754 floating point You should read this if

you are working with
sclentific codes using
floating-point!

Category Archives: Floating Point

Te aser - th | S 1M | g ht f Ot a ‘ WayS ret LG DG = O Intel Underestimates Error Bounds by 1.3 quintillion

Posted on October 9, 2014

Intel’s manuals for their x86/x64 processor clearly state that the fsin instruction
(calculating the trigonometric sine) has a maximum error, in round-to-nearest mode, of

‘ a o b — a ® b one unit in the last place. This is not true. It’s not even close. The worst-case ... Continue
|
reading —

cy, fsin, transcendentals | 122

Please Calculate This Circle’s Circumference

Posted on June 26, 2014

I\/l O re WO rt h W h I | e re a d | n g : “Please write a C++ function that takes a circle’s diameter as a float and returns the

circumference as a float.” It sounds like the sort of question you might get in the first week

“What every computer scientist should R
know about floating-point arithmetic”

There are Only Four Billion Floats-So Test Them All!

|David Goldberg] coeeemer o



http://randomascii.wordpress.com/category/floating-point/

SOMe good reading

Working effectively with legacy code [Michael Feathers]
Large-scale C++ software design [John Lakos]

Design Patterns - Elements of Reusable Object-oriented software [Gamma, Helm,
Johnson, Vlissides] “Gang of four”

Refactoring to Patterns [Joshua Kerievsky]

Refactoring - improving the design of existing code [Martin Fowler]
Effective C++ - 55 specific ways to improve your programs and design [Scott Meyers]

Patterns for concurrent, parallel, and distributed systems:
http://www.cs.wustl.edu/~schmidt/patterns-ace.html

What everybody should know about floating-point math:
http://randomascii.wordpress.com/category/floating-point/
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