LPJ-GUESS Programming Guidelines (draft)

In order to ease collaboration and make sure the LPJ-GUESS code is robust, easy to understand and easy to maintain, this document presents guidelines for how to write code.
General advice
Programs must be written for people to read, and only incidentally for machines to execute.

· Abelson & Sussman, Structure and Interpretation of Computer Programs
This first section contains general principles and properties considered to be desirable in a software project.
Minimizing dependencies

At the core of many problems in programs lie unwanted dependencies. For software components to be robust, reusable and easy to maintain they should make few assumptions about other components. Make sure that components that do need to interact with each other do so through simple and stable interfaces. One component shouldn’t need to know implementation details in another component, ignorance is bliss.
Separation of concerns

Each component, whether it’s a function, class, file or module, should be specialized and focused on a well-defined task. In LPJ-GUESS the code is separated into different modules to accomplish this. This reduces complexity and makes it easier to get to know each part. It also makes it easier to reuse or exchange parts.
Don’t reinvent the wheel

If there’s a chance you can use existing code, either from LPJ-GUESS or standard libraries, you should investigate that option before writing new code.
DRY

The DRY principle (or Don’t Repeat Yourself) states that every piece of knowledge should have a single, unambiguous, authoritative representation within a system. A typical way of doing this is to place code in a function to be called from different places, rather than copying and pasting the code. This applies to other things than just code though. Comments, documentation, configuration files, make files, scripts etc. should be DRY. Complete DRYness can be unreasonable, use common sense. If you find yourself copying and pasting something, you should probably stop to think about future maintenance.
Prefer configuration over integration

If it is reasonable to make an aspect of the model configurable in the instruction file or similar, rather than using “#ifdef”-switches, by replacing source code files or other such engineering, the former is generally preferable. It might be a little extra work to implement, but the code tends to be easier to maintain, especially when collaborating with others.
Files

Naming

Header files should end with “.h”, implementation files should end with “.cpp”, all file names should be in lower case.
Include guards

To avoid problems when a header file is included more than once, each header should have so called include guards. For a header called “example.h”, it looks like this:
#ifndef LPJ_GUESS_EXAMPLE_H   
#define LPJ_GUESS_EXAMPLE_H   
  
... all the code in the header goes here ...   
  
#endif // LPJ_GUESS_EXAMPLE_H  
File header and footer

Each source code file should have a file header comment describing the file. Contents to be discussed. If there are references to articles in the code there should be a footer comment listing all references.
Order of includes in .cpp files

Each .cpp-file should start by including the file “config.h”. If the .cpp file has a corresponding header file (such as example.cpp and its corresponding example.h), this should be included next (whether it’s needed or not). This guarantees that each header file is compilable on its own. The rest of the includes can be in any order.
Place function bodies in .cpp files

Header files should be a bit like a table of contents. Code makes it harder to get an overview. It can also introduce linking problems. Exceptions:

· Template functions
· Inline functions 
Very short class member functions can also be ok to have in headers.

Readability and layout

Naming

Choose descriptive, English names. Don’t use short cryptic names in order to save on keystrokes. Variables from equations or established abbreviations are excused if it makes sense. Use the following style when naming different C++ constructs:
· Classes: MyClass

· Functions: my_function

· Variables: my_variable

· Constants: MY_CONSTANT

Don’t let files and functions grow too large

Large files and functions are hard to understand and maintain, try to split them up into smaller parts before they become too large. A file should probably stay under about 1000 lines; a function should be possible to read without scrolling. This is intentionally fuzzy, only split something if it improves readability and understanding.
Don’t use very long lines

Try to keep lines under 90 characters to help readability. If this seems difficult it can be a sign that your code is too complicated or deeply nested.
Indent properly

Indentation helps readability. Use a code editor that helps you do this automatically.
Tabs versus spaces

Configure your editor to use tabs when indenting, not spaces.
Implementation

One statement per line

Prefer this:

foo = 0;   
bar = 1;  

over this:

foo = 0; bar = 1;  
Avoid the goto statement

Use of goto can easily make code hard to understand and maintain.
Avoid magic numbers

A magic number is an unnamed numerical constant value, such as:
set_window_width(312);   
s = t * 3600;  
Introducing constants makes the code self documenting, and also makes it easier to change if the values are used many times:

set_window_width(MARGIN + TEXT_WIDTH + MARGIN);   
s = t * SECONDS_PER_HOUR;  
Don’t reuse variables

It’s easier to understand code where each variable is only used for one thing. For instance, don’t do this:
string filename("in.dat");   
  
// code that deals with the first file   
  
filename = "out.dat";   
  
// code that deals with the other file  
Instead, prefer this:

string in_filename("in.dat");   
  
// code that deals with the first file   
  
string out_filename("out.dat");   
  
// code that deals with the other file  
The extra variable doesn’t cost much.

Define local variables close to their first use

In some languages all local variables need to be defined at the start of a function. This isn’t the case for C++. Instead you should try to postpone the definition until you need the variable. This improves clarity and in some cases efficiency. 
Use inline, const and enum instead of #define
C++ has introduced features which replace some old uses for the preprocessor. Use inline functions instead of macro functions. Use const and enum instead of #define. 
Avoid global variables

Global variables can introduce hidden dependencies and make code difficult to analyze. It also makes reuse and testing difficult.
How to define global and “file global” variables

If you do need to define a global variable it should be declared as extern in the header file, and later defined in exactly one .cpp file. For instance, in the header:
extern Date date;  
and in the .cpp:
Date date;  
If a global variable is to be used only within one .cpp file, it should be placed in an anonymous namespace to avoid linking problems. The same applies to functions which are to be used only within one .cpp file:

namespace {   
   int my_variable = 0;   
  
   void my_function() {   
      ...   
   }   
}  
How to write comments

Write comments in English. Comments are important, but the best code is self-documenting. Avoid tricky code or obscure names if possible. Don’t comment things which can be easily understood from the code, such as this:

i++; // increment i  
Remember to document the “why”, not just the “what”. Comments describing classes, functions and variables should be placed on the lines just above what’s being described. If the comment is short it can also be placed at the end of the same line:
// Lorem ipsum dolor sit amet, consectetur    
// adipisicing elit, sed do eiusmod tempor    
// incididunt ut labore et dolore magna aliqua.   
char* generator(int k);   
  
extern int my_counter; // counts number of sheep  
Don’t leave historical information in the code

Don’t leave obsolete code in comments, or write comments to describe who made a change and when, such as this:

// OLD CODE:   
/*   int start = time();  

   if (is_prime(n)) {  
      cout << "prime!" << endl;  
   }  
   int ms = time()-start;  
*/  
// NEW CODE, Sally 2010-08-12   
   if (sieve(n)) {   
      cout << "prime!" << endl;   
   }  
Old code will be remembered by the version control system. The user and timestamp for each change will be remembered as well (see the annotate/blame functionality of the version control system).
Use standard C IO functions

In C and C++ there are several “families” of functions and classes for performing input and output. To keep the code consistent, IO should be done with the functions from the standard C library (fopen, fprintf, fread, etc.). In other words, C++ iostream classes and functions (or other IO libraries) should be avoided.
Exceptions

You shouldn’t normally need to violate any of the guidelines for technical reasons. They should however be considered merely as guidelines, not as rules. Please make sure to have good reasons if you choose to disregard an advice. An unreasonable amount of work, reducing readability or maintainability might be such reasons.
