Hacking Gromacs:
Getting Your Feet

Wet With CVS Code

EriK Lindahli
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e Release vs. development codebase

e Building the CVS version(s) of Gromacs

e Configuration with automake & autoconf
e Architecture

e Organization of the source code

e Examples of modifications

e Good bug reports & patches

e Creating “distribution tarballs”



CVS repository

e Tracks all changes in Gromacs files

e Real-time update (whenever we check in)

e “How did stat.c change from 3.1.3 to 3.1.4?”
e Comments to all changes

e Immediate access to bug fixes

e Access to latest development version

e Test sets, manual source, etc.

e Completely public read-only access!
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branches:
HEAD & patches




using CVS

e You probably have it installed (‘which cvs’)
e Instructions available on Gromacs site

e Firstlogin (anonymously)

$>cvs -z3 -d :pserver:anoncvs@cvs.gromacs.orq:/home/gmx/cvs login
Password: [Ieave blank, hit return]
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® Check out the release branch instead: (1 line)
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Working with CVS

e The CVS‘co’command checks out a
Gromacs version in a gmx subdirectory

e You cannot built yet - no configure script!

- o Createitwith command®/bootstrap”
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o What is the configure script, really?



Configuration

“Where is the X11 library?”

“What version is the FFTW library?”

“Is the Intel Math Kernel Library installed?”
“Do we have that buggy gcc version?”

“Does the compiler understand assembly?”
“Which flags should be used for this compiler?”
“Is this a big or small endian system?”

“Is a long integer 4 or 8 bytes?”

“How do we build a shared library here?”



GNU autotools

e Automatic system configuration
e “Ugly tools for an ugly world”

e Avoid editing complicated makefiles

configure.ac

v
M}_—, Makefile.in |- ~ Makefile '



o ﬂm\ >
e/
# Note: Makefile is automatically generated from Makefile.in by the conflgu =
# script, and Makefile.in is generated from Makefile.am by automake. it

AM CPPFLAGS = -I$(top srcdir)/include -DGMXLIBDIR=\"$ (datadir)/top\"

LDADD = ../mdlib/libmdQ@LIBSUFFIX@.la ../gmxlib/libgmx@LIBSUFFIX@.1la

bin PROGRAMS = \
grompp tpbconv
protonate gmxdump
gmxcheck ffscan

mdrun SOURCES




e How do we do the system configuration?

e Cannot count on anything being present
e Use an extremely generic shell script!

e This script (configure) is generated
automatlcally for us by autoconf fromaninput

written in the uLj umswhnu}mnp)



configure.ac exampl

 d  d  a  a  d  aa d i ikl
# Process this file wth autoconf to produce a configure script. B )

RAEHHARHARH B AR H AR B AR H AR FARH B AR H RSB AR H ARG AR H B AR FARHBRRH RS G RH SRR HHRH

AC_PREREQ(2.50)

AC_ INIT(GROMACS, 3.3.1, gmx-users@gromacs.orq)
AC CONFIG SRCDIR(src/gmxlib/3dview.c)

AC CONFIG AUX DIR(config)

AC_CANONICAL HOST

### Single/Double
AC_ARG ENABLE (float,
[ --disable-float use double instead of single precision],, enable float=yes)



mailto:gmx-users@gromacs.org
mailto:gmx-users@gromacs.org

Building Gromacs

e After running ./bootstrap, you have the
same setup as a Gromacs distribution

e Building Gromacs:

e ./configure --prefix=/some/install/path




Urce tree C

gmx

PY :(. = {
a m I n if (nsr[jgid] >= MAX CG) {
put_in ll.st(bHaveLT ngid,md, icqg,

config
scripts

Man




Gromacs flowcharts

e High level path through the source code
during a simulation

e Calculating forces

® Original charts by Gerrit Groenhof




mdrun -v -s topol.tpr




setup_kernels() called on first execution of do_nonbonded()

pointers!
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nb kernel100 c.c: nb kernel100 x86 64 sse.s

;# calculate rinv=1l/sqrt(rsq)

for (k=njo0; (k<njl); k++) rsqrtps xmm5, xmml
{ movaps xmm2, xmm5
jnr = jjnr[k]; mulps xmm5, xmmb5
j3 = 3*jnr; unpcklps xmm0, xmm7 ;# jga jgb jgc jgd
jx1 = pos[j3+0]; movaps xmm4, [rsp + nbl00_three]
jyl = pos[j3+1]; mulps xmm5, xmml ;# rsg*lu*lu
jzl = pos[j3+2]; subps xmm4, xmm5 ;# 30-rsg*lu*lu
dx1l1l = ixl - jx1; mulps xmm4, xmm2
dyl1l = iyl - jyl; mulps xmmO, [rsp + nbl00_iq]
dzll = izl - jzl; mulps xmm4, [rsp + nbl00_ half]
rsqll = dx11*dx11+dyll*dyll+dzl1*dzl1l movaps xmml, xmmd
rinvll = 1.0/sqrt(rsqll) ; mulps xmm4, xmm4
qq = ig*charge[jnr]; ;# xmml=rinv
rinvsq = rinvll*rinvll; ;# xmmd=rinvsq
vcoul = gg*rinvll;
vctot = vctot+vcoul; ;# calculate coulomb interaction, xmmO=qq
fscal = (vcoul) *rinvsq; mulps =xmm0O, xmml ;# xmmO=vcoul
tx = fscal*dxll; X4 mulps xmmé4, xmmO ;# xmmd4=fscal
ty = fscal*dyll;
tz = fscal*dzll: ;# add potential to vctot (sum in xmml2)
fixl = fixl + tx; addps =xmml2, xmmO
= fiyl + ty; i b S ik e s e S
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Common data structu

name all the mdp options | derived options massA/B
guess! nsteps rlist particle mass #blocks

idef ns_type peighborlist curoff L ehargeA/B index(]
bonded interactions fnstlist epsilon_r particle charge array with indices

atoms nstxout eeltype typeA/B in alf

mass, charge, etc. pme_or der cutoff/ RF/PME particle L] type nra

block|] detype cTCI] number of atoms
block definitions cutoff/bhamitables | 7T coupling groups |3 []

symtab userint1-4 nnblists cENERI] array with atom

name 7"6]%7”6746‘65 userreal1 -4 nblists[] Eﬂ€7"g)/ gVO%pS numbers in each

neighborlists cFREEZE[] group
n bfp Freeze groups
nonbonded params
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if (nsr[jgid] >= MAX_CG) {
put_in_list(bHavelLJ,ngid,md, icqg,
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Gromacs neighborlis
iinr[0,..,nri-1]

il code

index to nb kernel

icoul / ivdw
Coul & vdw type

nri

number of lists

[ER

jindex[O0,..,nri]

nrj
# neighbors

linr

index of list owners [ .
nnr[0,.. nrl-l\

jindex I [ 582 ]

list limits

jjnr

neighbor indices




Bugzilla

http://bugzilla.gromacs.org

Report, track, and find patches for bugs

NOT for support, though - we often don't
comment at all on a bugzilla entry until we
have had time to test/confirm it

Mailing list is better if you are not sure
Good bug reports have lots of information
Always try to provide a (small) test case
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Creating a dist

put_in_list(bHavelLJ,ngid,md, icqg,

e Autoconf comes with built-in capabilities
to create source ‘tarballs’ (like ours) that
include your modifications:

S> make dist




e Once you have created a new feature or
fixed a bug, how do you contribute it back?

e In the top (gmx) directory, issue:
cvs diff > fix.patch ( better: cvs diff -u 3)
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® |oapply It to another source tree:
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