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1 Introduction

The UK polyatomic R-matrix inner-region suite of programs is in the process of being re-
engineered to produce a modern, efficient and maintainable code base (work scheduled October
2009 – March 2011). As part of this process the suite is now under version control (source
code management) via the collaborative software development environment tool CCPForge:
http://ccpforge.cse.rl.ac.uk/projects/ukrmol-in/ . Both the re-engineering project and concurrent
developments should now use the CCPForge version control repository in their day-to-day work-
flows. The repository and other facilities provided by CCPForge constitute a community resource
that will make code development,and therefore the science that can be done with the programs,
more efficient and less error-prone, as long as the communityuses it responsibly.
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The aim of this document – a combination of coding standards and recommended guidelines
– is to promote good programming practice within the community. Good programming practice
will enable the writing of correct, efficient, portable codethat is straightforward to maintain in
the future.

Documenting and testing are an integral part of the code development workflow, and it is
of paramount importance that sufficient time should be allocated to them within a project. Pro-
grammers should also consider, where possible, the effectsof their coding decisions on run-time
performance (including memory and disk usage). Sections onthese three issues (documentation,
testing and performance optimization) can be found in this coding guide.

We recommend that this guide is read as a whole before starting development. Please note,
though, that we expect it to be upgraded over the course of theUKRmol-in project to deal with
any queries sent in by readers and to improve readability. Notification of changes will be given
via the CCPForge project mailing lists. However, the basic coding standards set out here will
be maintained over the course of the project and beyond. If there is any doubt about something
covered in this document, or the application of a feature notdiscussed here, then please consult
before coding. Code that does not satisfy the parts of this document that are strict requirements
(rather than guidelines) simply will not be incorporated into the release versions of the programs.
Furthermore, if such code is committed to the main development stream (‘trunk’) of the version
control repository then it runs the risk of being removed from future revisions.

The authors took guidance and inspiration from the coding guide for the materials science
code CASTEP (http://www.castep.org): we acknowledge the CASTEP Developers’ Group for
this.

2 Compliance with the Fortran95 Standard

Code should comply with the Fortran95 standard. This can be tested using either a compiler set to
flag up non-standard coding (note that the NAG compiler is known to be strict on standard com-
pliance even without setting a flag) or a tool for static analysis such as Forcheck (which M.P. has
access to). This document assumes the reader knows and understands Fortran95. Additional
explanations will be added in updates according to reader feedback.

2.1 Extensions

There are two extensions to Fortran95 that we will consider as ‘standard’, even though they
strictly belong to Fortran2003:

• Use of allocatable arrays in derived types (from Technical Report 15581: see, for example,
http://www.nag.co.uk/nagware/np/doc/TR.asp).
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• Calls to C routines via ‘isoc binding’ constructs. The incorporation of C code should be
avoided unless it is necessary (usually for direct interactions with the operating system)
or a significant performance gain would result. The C code must only be accessed via an
interfacing module (see Section 4.1).

The above features are accepted by most/all modern Fortran95 compilers. Other concepts
from Fortran2003, or from High-Performance Fortran (e.g. PURE), should not be used without
consulting the authors of this document. If such code is considered essential for performance
on a particular machine but does not compile on other machines, the code should be isolated
within a module and an alternative provided. The choice of routine may be made at the time
of the invocation, either by an input parameter to the wrapper routine (see Section 4.1) or via
an explicit interface (see Section 4.2), or by preprocessing commands (see Section 2.2) in the
isolated module, whichever is most practical.

2.2 Compiler/preprocessor directives

These should be avoided wherever possible in high-level ‘driving’ routines. If necessary, they
should only be used in interfacing or utility modules (see Section 4) for machine-specific code.
Note that files needing preprocessing should use extensionsof the form.F90 rather than.f90.

3 Style and Layout

3.1 Types

Do NOT use implicit typing. All routines should have anIMPLICIT NONE accessible. This
should be followed by explicit declarations of any input variables, including anINTENT(...)
attribute. Then, declarations of local variables should bemade. See also Section 3.3.

However, a convention for naming variables that follows thedefault rules of implicit typing
is strongly recommended, i.e. the names of integers are chosen to start with letters in the range
I–N. Exceptions can be made for global integer parameters with their own history or conventions
(such aswp below).

Note: a utility module that contains only data and is namedprecisn contains definitions of
certain parameters that may be used throughout the code, particularly the specification of ‘kinds’
of variables. Therefore, do not give type asDOUBLE PRECISION, but useREAL(KIND=wp)
instead, where the integer parameterwp is defined in theprecisn module. Similarly, constants
should always be written as1.0 wp rather than1.0D0, and transformations areREAL(a,wp)
andCMPLX(a,b,wp), etc. Note that inclusion of the kind parameter is essentialwhen using
CMPLX. Any local machine-dependent operations then need only be applied to theprecisn utility
module. All precision definitions should come from theprecisn module: compiler flags to alter
precision are then not needed and should not be used.
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3.2 Names

For clarity, don’t change variable names on passing to a different routine wherever possible.
Avoid short (1 or 2 letter) variable names except for simple loop counters. Avoid using the names
of intrinsic functions as variables as this can be confusing(the popular text editors operating in
Fortran mode as well as static analysers such as PlusFort canhelp identify intrinsic function
names). Use the formEND SUBROUTINE <name> etc. rather than the older formEND.

We recommend one convention that has been used to good effectin other packages, whereby
all subprogram names in a given module begin with the same stem (related to the module name)
so that they may be easily identified. For example, routines in thecomms module (Section 4.1)
all begin with the stemcomms .

3.3 Comments and subroutine styling

The code should be commented liberally. Comment density should ideally approach code den-
sity. Commenters should ensure their remarks are attributable: unless the comment is from the
(sole) main author of the code then their initials (or ID, etc.) should be used to mark it. We will
adopt the convention that all comments are to be in English.

Each file containing source code should begin with a header section comprising comments.
This should document at least:

• the overall purpose/function of the code within the file

• its relationship to other files

• the identity of the main author(s) with an approximate date for the development.

As further work is done on a file, a list in this header should bebuilt up of changes that are
‘major’ (in the view of the developer). A brief explanation of the change should be given, as
well as a date and the identity of the developer. This in-situinformation supplements but does
NOT replace the log file from the version control system, which documents all changes. If more
than one module is in a file then a description for each should be given – but note that such
organization of modules is not recommended for anything other than collections of very small
utility modules.

Each non-trivial subprogram must also begin with a comment section, containing at least the
following information:

• an explanation of the purpose/function (including a description of / references to the un-
derlying physics, where relevant)

• a note on any limitations of the routine
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• a list of the module variables used (noting which if any mightbe modified by the subpro-
gram)

• a list of any necessary conditions for entry

• the main author and date

Following the introductory comments in this Section, anyuse statements, in the formuse
<module>, only: (see section 5.2), should also be (briefly) commented. Inputand out-
put variables should be declared before local variables. The declarations of (at the very least)
the input, output and important local variables should be commented with definitions – brief
descriptions of what they are.

3.4 Layout

Indentation should be used for loops, logic, etc., to aid readability. Popular text editors can help
with this (e.g. GNU-Emacs f90-mode).

3.5 Case

Developers should be aware that no restrictions on the use ofupper/lower case have yet been
made. However, switching case or using different capitalization patterns for the same variable
in the same code is annoying, risky and should be avoided! Onepopular convention is to use
lower-case, except for intrinsic functions and variables,which are written in upper case.

3.6 Format

Code may be in free format, with a maximum line length of 132 characters. Up to 39 continuation
lines are allowed by the standard, but we do not recommend taking advantage of this as the code
will not be clear.

3.7 Spaces

Use spaces between keywords e.g.END IF notENDIF.

3.8 Code cleanly

This is crucial, to ensure correctness and make it easier forothers to maintain the code. If the
obvious way to code a routine is inefficient, whilst the efficient way is obscure, then the efficient

6



way is allowed as long as the routine is well documented, particularly in terms of comments in
the code.

3.9 Code robustly for errors

The user should never see a Fortran run-time error message – your code should check for possible
error conditions, and either correct the error or print a nice, meaningful error message and exit
gracefully.

3.10 Be aware of vectorisation

Code with a style that enables good vectorisation, e.g. don’t put IF statements inside nested
loops where possible. This is very important for modern processors such as those used on the
national resource HECToR (http://www.hector.ac.uk), which rely on taking advantage of ‘micro-
vectorization’ to achieve high performance, and which charge for time assuming this high per-
formance has been achieved.

3.11 Use of allocatable arrays

Code explicitly to avoid memory leaks: allocatable arrays should be deallocated after they are
no longer needed, and certainly before exiting the routine if they are local, whether or not the
compiler will do this for you automatically (strict Fortran95 does perform this task, but explicit
deallocation aids clarity of code). Allocated arrays that are required over several calls to the
routine should be defined with theSAVE attribute (as should all such data). It is recommended
that allocate/deallocate statements only occur once in a routine for a particular array. Avoid
placing them inside loops as this can result in a significant slowdown. Allocatable arrays should
be used rather than pointers (see Section 6.2).

3.12 Flow of control

A CASE construct should be used in preference to anIF construct where appropriate (i.e. there
is a single expression to be evaluated). UseDO ... END DO, with name-labelling of long
‘do loops’ recommended for clarity. Within do-loops, useCYCLE andEXIT where appropriate,
i.e. if the loop will not vectorize and placing a test inside the loop is necessary, but only to move
a maximum of one level of nesting. Avoid the use ofGO TO (but note that some may remain in
the legacy code).
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3.13 Functions

A function subprogram should be ‘pure’ in nature, i.e. generate no side-effects through modifi-
cation of variables in the argument list or module variablesthrough use association.

3.14 Line numbers

Avoid where possible. For example, useDO ... END DO with indentation rather thanDO
10 i = 1, n ... 10 CONTINUE. Line numbers should ideally only be used for format
statements, andEND= or ERR= in file handling.

3.15 Revision number

One of the many advantages of a version control system for source code, if used as intended, is
that one should easily be able to retrieve the exact code usedin an earlier calculation.

Each program when run should include the revision number of the code from which it was
built as part of the ‘header’ information written as human-readable output. For a particular ‘re-
lease’ version of the suite, this revision number will be meaningful and constant (e.g. v1.0). For
code under development, the necessary information is extracted from the Subversion repository
and added to an intermediate source file as part of the build system; the developer should en-
sure that a write statement in the appropriate form is present in the code. The existence of local
modifications with respect to the repository will also be recorded in the output via this mecha-
nism, as will the distinguishing part of the name of the appropriate development stream/branch
(e.g. /trunk/source or /dev-branches/<branch-name>/source). Note, however, that using an exe-
cutable built from source that does not correspond exactly to a revision somewhere in the repos-
itory (and therefore cannot easily be retrieved in the future) is poor version control practice for a
production run.

4 Organization of the code

4.1 Interfacing and utility modules

All access to low-level subprograms in ‘libraries’ must be wrapped. That is, the specific subpro-
gram name must not be used anywhere in the code apart from within an interfacing subprogram.
For example, instead of invoking directly the LAPACK subroutineDSYEV to calculate the eigen-
values (and optionally eigenvectors) of a real symmetric matrix, a wrapping routine should be
called. The wrapping routine ensures that the required datais present in a suitable form, calls
DSYEV, and then manages the returned data.

The following are considered to be low-level subprograms:
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• Routines from external maths libraries (e.g. linear algebra). It is a debatable point whether
BLAS routines should be included in this rule: we do not insist on it for the moment. On
the one hand they are an external library; on the other hand they should be installed in
machine-optimized form on any machine on which it is worth running the code. Whilst
we definitely recommend the use of Level 2 and Level 3 BLAS routines for all appropriate
operations, we probably don’t recommend Level 0 BLAS routines as the calls can make
the code confusing and there is very little if any gain in performance on modern machines.

• MPI for parallelism: all MPI routines and variables should be in acomms module with
only the wrapper names used outside the module. This also applies to MPI-defined com-
municators (e.g.MPI COMM WORLD), which should never appear outside thecomms mod-
ule. Communicators used outside thecomms module should all have wrapper names
which are passed into thecomms module in order to define/use the communicator. This
allows a serial module with dummy routines to be substitutedfor the parallel module if
required. It also allows the possibility of performing multiple parallel runs relatively eas-
ily as a single job, by introducing a new higher-level communicator and ‘master’ control
code.

• I/O functions (includingOPEN, READ, WRITE). Depending on the system, different
I/O methods will be appropriate: formatted, unformatted, direct-access, portable XDR,
external I/O libraries, automated file number allocation, etc. By keeping all specific I/O
calls in one place, only one module needs to be modified or expanded to increase the I/O
possibilities for the whole code.

• Integer packing: this is highly system-dependent and goes against the portable, standards-
conforming ethos.

• Timers.

• Calls to routines written in C code, accessed via ‘isoc binding’ constructs: all the ref-
erences to these constructs and types are isolated in the module containing the wrapper
routines.

The interfacing subprograms should be collected in modules, (at least) one for each necessary
item in the above list.

Some of the interfacing subprograms simply involve calls toroutines in external libraries
(e.g. LAPACK, ARPACK, MPI) and packaging of the data; othersrequire code that is specific to
the UKRmol-in project (such as the integer packing and some of the I/O).

Data and remaining procedures which are common to differentprograms in the suite should
be placed in ‘utility’ modules, in separate files from the programs themselves. This includes the
precisn module that is used for defining types.

This use of interfacing and utility modules will aid portability, as the routines that need to
be changed to use a more efficient linear algebra library (forinstance) are localized rather than
being spread throughout the code. See also Section 5 for notes on the use of modules.
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4.2 Overloading

As programming gets more sophisticated, the use of calls to ‘generic’ and overloaded routines
in utility and interfacing modules will simplify the code structure in the higher-level modules
and routines. The lower-level modules should containINTERFACE constructs which gather
together several similar routines which, for example, perform (effectively) the same operations
on different types of argument, within the generic interface. For example:

module module_name
use precisn, only: wp

private
public my_task

interface my_task
module procedure my_task_integer_scalar
module procedure my_task_real_scalar
module procedure my_task_real_vector
module procedure my_task_complex_symmetric_matrix
module procedure my_task_hermitian_matrix

end interface

The correct routine is automatically identified from the arguments at the time of invocation.

Other public subroutines (see Section 5.1) within a utilityor task module may be overloaded,
i.e. via optional arguments which need not always appear in the calling routine.

4.3 Checkpointing

Developers are encouraged to consider strategies for checkpointing their code, where appropri-
ate, to allow restarting. This is essential for programs that are to be run on shared-resource
systems with batch queue submission, and for local systems that are subject to power cuts or
automated energy-saving switch-offs. It is also relevant in the most time-consuming parts of the
program package, taking account of scaling with system size, for which intermediate manual
checks of output may be desirable during very long runs. Whenwriting checkpoint strategies,
take into account the demands of storage (file sizes) and timefor the extra I/O (on very modern
machines, starting and finishing I/O can take up significant fractions of the total execution time.

For example, a timer could be used to automatically determine when the code has reached a
user-defined time limit (set via an input parameter), in which case a checkpointing file is written
and the program exits gracefully.
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4.4 Debug mode

Coding a debug mode is recommended, i.e. the addition of debug statements that are optionally
executed, under input control via a keyword. Care should be taken over the amount of informa-
tion generated and the time for extra I/O. The debug mode should be written so that it can be
switched off with minimal computational effort for production runs.

5 Modules

5.1 Data hiding

Modules should use an initialPRIVATE statement to force all entities in the module to be private
by default. Variables, datatypes and routine names should then be explicitly exposed via the use
of PUBLIC as required. Exceptions may be simple modules containing global data (e.g. modules
that have directly replaced common blocks) or modules containing many simple utility routines,
all of which are public.SAVE attributes should be used whenever assigned data is needed over
several calls to a routine, and hence in data modules.

5.2 Use of USE

Where routines use variables and subprograms from other modules, these should be noted ex-
plicitly via a USE <name>, ONLY : statement. Exceptions to this, for which the, ONLY
: may be omitted, are simple modules containing global data (e.g. modules that have directly
replaced common blocks) when the majority of the contents are needed, or utility modules in
which (nearly) all of the public routines are utilized in thesame calling module. It is recom-
mended that appropriateUSE statements should go into the subprogram, rather than a module
header, for clarity and in order to keep track of module variable modification. Exceptions may
be made for ‘global’ modules such asprecisn.

6 Performance Optimization

We have included performance hints and recommendations in the bulk of the document where
appropriate, for example, use of BLAS routines, inner-loopvectorizability, etc. We note the con-
tradiction raised in section 3.8 concerning simple code andoptimized code. To a large extent
compilers will optimize code for you, but not as much as the manufacturers will claim. Never-
theless, test the code against increasingly high levels of optimization, checking that the results
are safe, and you will see performance gains.

We require high-performance code for ambitious science. Take as much time testing the
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code and profiling it as you do writing it. Parallel code should be tested for load-balancing,
serial hot-spots and general scaling properties using internal timers and any parallel profiling
tools that are available. Make sure that where code is necessarily obscure, the commenting is
not obscure. Avoid repeating calculations unnecessarily,especially with calls to other functions
and subroutines where variables that could be saved are time-consumingly recalculated. Avoid
heavy use of ‘raising to a power’. These practices are a majorcause of bad serial performance.

Also, be aware of the memory limits of different ‘target’ machines at different cache levels
and main memory. Performance will be hit as the required memory goes above these levels.
This is again a contradiction as we want long-lasting code and system performance requirements
change continuously. The use of interfacing and utility modules is one way to try and make sense
of this. Attend ‘how-to’ courses on running codes on your target machines.

Note: recent (2009) advice on optimization as a response to new hardware technologies rec-
ommends the use of ‘single precision’ (kindsp in precisn) real variables for operations where
floating point arithmetic is required but full accuracy is not. This can be very dangerous ifsp is
used wherewp is needed but can lead to substantial performance improvement and gains regard-
ing cache-memory use when constructed safely. We do not forbid this but any such use should
be clearly commented and the developer should provide evidence of the improved performance.
If this framework for floating point operations proves to have major benefits on modern and fu-
ture hardware, we will recommend it more strongly. Note that‘old’ considerations of floating
point performance and memory which used to be applied in the context of ‘large’ computers,
are resurfacing as considerations in the context of level 1 cache and internal (possibly simpli-
fied/streamlined for pure number-crunching) cores of individual ‘processors’.

This section will be added to over the course of the project: please look out for CCPForge
UKRmol-in mailings or check the repository at regular intervals(!).

6.1 Passing arrays to subprograms

There are various ways of passing arrays, each of which has different consequences in terms of
bounds-checking, memory use and compiler optimization.

The best practice is to always pass the whole array and make its extent in each dimension
available to the subprogram by some means (e.g. as one of the other arguments or via a module).

This does not cause the array to be copied and allows the compiler to do bounds-checking.
The recommended method for passing arrays is therefore intoexplicit-shape array dummy argu-
ments.

Assumed-size arrays, such asmyarray(*), are to be avoided where possible as their use
precludes bounds-checking. The use of assumed-shape arrays, such asmyarray2(:,:) is
also less efficient as these have an explicit rank, but an implicit shape (the use may also lead to
explicit copies of the array being created in the called routine).

Thus, if a section of an array is to be passed, passarray(i start:i fin, n) and either
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bothi start andi fin or i fin - i start + 1.

6.2 Pointers

Pointers should not be used unless there is a very good reasonfor doing so, such as theiso c binding
c ptr (isolated within the interfacing module), or if a ‘legacy Fortran 90’ utility module requires
them (again the pointers should be isolated in the code by wrapper routines in a module).

7 Documentation

The code should be self-documenting internally via commentstatements (see Section 3.3). ‘Au-
tomatic’ documentation generators (such as doxygen, robodoc) may be used in the future to
generate a developers’ manual.

Additionally, external documentation in the form of a user guide is essential for each program.
These should detail at least the input namelists (with default values and ranges), changes to
any input variables or module variables (very important), and the outputs. The current user
documentation can be taken as a starting point – this can be found in the /doc subdirectory of each
branch in the version control repository, i.e. alongside /source. It is the individual developer’s
responsibility to ensure that a change in the code affectingthe I/O is correctly documented.

8 Testing

We have mentioned (though not exhaustively) testing for performance in Section 6; we now
consider testing for precision and the correctness of results. A comprehensive test suite, under
version control, is currently under construction. Once thetest suite has been built up, the author
of a new piece of code should construct and run specific tests for that code, as well as running
regression tests (i.e. the standard test cases) that aren’texplicitly for the innovation, but which
check that nothing pre-existing has been spoiled. New code,and hence new test cases, should
be executed where practical using available debugging tools and all debugging compiler flags
(i.e. flags that ruin performance but give valuable information on how robust the code is), to
remove as many bugs as possible before running optimizationtests and the existing test suites.
It is most helpful if the code is tested on different platforms and with various compilers, in
order to maintain portability. When committing a new revision of the code to the version control
repository, please describe under the ‘status’ heading of the commit log template the extent to
which the code has been tested.

It is of paramount importance that code that either fails to compile or fails some of the ac-
cepted test cases is NOT committed to the ‘trunk’ of the version control repository. Create your
own branch for long-term and/or potentially destabilizingdevelopment work.
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8.1 Reference data

Each test case should comprise input datafiles and referenceoutput results. Correct operation of
the test will be verified by comparing the actual output against the reference output (to within
numerical tolerances etc).

Any information on the coverage (in terms of lines of code executed) of a test case would be
welcomed. If available, the output from a coverage tool can be added to the reference data, for
instance.
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