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Introduction

This document covers the C++ programming style and practices for C++ development. The establishment of a common style will facilitate in understanding and maintaining code developed by more than one programmers as well as making it easier for maintaining the code by someone who did not actually developed it.

Getting started

This section covers preliminary concepts of C++ language as a usage point of view.

1.1. Pre-processor

Pre-processor directives should have ‘#’ in first column when writing code. Indentation is not allowed for pre-processor directives. Absolute path names are not recommended to use when including header files.

Example:

//Wrong

# include<  module/name >

//indentation and space problem 

#include<c:\util\calculator.h>      //absolute path, not recommended      

//Correct

#include <module/name>

#include <..\util\calculator.h>
// relative paths, recommended

1.2. Macros

A macro should be defined in such a way that it can be used anywhere. Following guideline should be followed for macros:

· #define macro is generally used for defining constant values e.g. maximum size but it is not recommended, use const or enum instead where possible. As const and enum can be dealt symbolically by the debugger. Also, the scope of const and enum is controlled while the scope of #define is global (everywhere). This allows macro to be used anywhere.

· #define macro can be used for evaluating some expressions, it is recommended to use inline function instead. 

Example:

//Wrong

#define MAX_LENGTH = 100            // not recommended, use const 

// instead

#define SQUARE(val) val = val*val   // a macro, not recommended, use 

// inline function instead

//Correct

const int MAX_LENGTH = 100;         // recommended

inline void Sqaure(int val)         // recommended 

{

   val = val* val;

}
1.3. Conditional Compilation

1.3.1. Use of #ifdef, #elif, #endif

When using #ifdef to select among a set of configuration options then a final #else clause should contain #error directive so that an error message can be generated by compiler if none of the options has been defined. For example, consider the following example:

Example:

//Wrong

#ifdef sun

#define USE_MOTIF

#define RPC_ONC

#elif hpux

#define USE_OPENLOOK

#define RPC_OSF

#endif                  // case is not handled if a machine type is 

// unknown

//Correct

#ifdef sun

#define USE_MOTIF

#define RPC_ONC

#elif hpux

#define USE_OPENLOOK

#define RPC_OSF

#else

#define UNKNOWN_MACHINE_TYPE
// in case of an unknown machine type

#endif

1.3.2. Changing Language Syntax

Do not change the language's syntax via macro substitution as explained below: 

#define BEGIN {

  // not recommended

#define when break;case
  // also, not recommended

Source Code Files

1.4. File Naming Convention

The recommended file naming conventions are shown in the following table.

	File Type
	File Name

	C++ Source Code
	Filename.cpp

	C++ Header File
	Filename.h

	C++ template implementation file
	FileName.hpp

	Archive Libraries
	Filename.a

	Dynamic Shared Libraries
	Filename.so.<ver>

	Shell Scripts
	Filename.sh

	Make File
	Makefile.mak

	Object Code
	Filename.o


1.5. File Organization

Although there is no maximum length requirement for source files, but it is recommended that there should be maximum 200-250 lines per source code file. Lines longer than 80 columns should be avoided. 

The line length limit is related to the fact that many printers and terminals are limited to an 80-character line length. Source code that has longer lines will cause either line wrapping or truncation on these devices. Both of these behaviours result in code print that is hard to read.

Avoid long string literal and break long statements onto multiple lines.

Example:

//Wrong

cout << "Line length limit is related to the fact that many printers  

\nand terminals are limited to an 80-character line length";       

   




   // more than 80 characters

//Correct

cout << "Line length limit is related to the fact that many printers" 

        " \nand terminals are limited to an 80-character line length";

1.6. Headers

Header is an information that is used before classes and methods to better describe them. Following sections describe class and method header separately.

1.6.1. Header for .h, .hpp and .cpp files

The recommended header for .h, .hpp and .cpp files is defined as below. Same header should be used for structures.

© Copyright Company Name, <yyyy>

Description: <Class/Structure description here>

Creator: <Author Name> (abbreviation)

Creation Date: <dd-Mmm-yyyy>

Authors: <Author Name>(abbreviation), <Author Name>(abbreviation), …
History:

Version
Date


By


Description

=======
========== 

========

=================

<0.x>

<dd-Mmm-yyyy>

abbreviation

Initial Version 

where, dd-Mmm-yyyy = 10-Nov-2002

Class headers contain the information that is useful for the user and the developers of the class.
1.6.2. Method Header

The recommended class header is defined as below.

Description: <Method description here>

Creator: <Author Name>

Creation Date: <dd-Mmm-yyyy> 

Parameters:

Param 1

Param 2

…

Return value:

Exceptions:

Exception 1

Exception 2

…

where, dd-Mmm-yyyy = 10-Nov-2002
1.7. Header File Contents

Header file contains the interface part of the class i.e. class declarations, including other header files if necessary, containing class related enum, const, struct etc.  Header file should be functionally organised i.e. one header file should contain declaration of one class (recommended) will all its related constants, structures etc. Following guidelines can be followed for the implementation of header files:

· Use #ifndef macro in the header file to ensure that the current header file is not already included.

· Header file can contain #include (to include header files), #define, enum, and constants specific to the class being declared in the header file.

· Declare related structures, constants and enumerated data types that are likely to be used by the class being declared. For example List class can have a Node  structure, and both can be declared in the same header file.

· Non member static variables and functions should be declared in the source file and not in the header file.

· Header files should generally be in the same directory as their implementation (.cpp) files. 

Following is an example of a header file of a List class along with its Node structure.

Example:

// list.h

/***************************************************************************

© Copyright Company Name, 2002

Description: The List class is used to store data in doubly linked list form. It internally contains "Node" type data structure, which has the actual data as well as link to previous and next "Nodes"

Creator: Fawad Bin Ashraf (FBA)

Creation Date: 11-Apr-2002

Authors: Fawad Bin Ashraf (FBA)

History:

Version
Date


By


Description

=======
========== 

========

=================

0.1

11-Apr-2002

FBA


Initial Version 

****************************************************************************/
#ifndef __list.h

// use #ifndef macro to ensure that this header 

// be declared if not defined before

#define __list.h

#include "xyz.h"

// include other header file, if required

const int MAX = 100;

struct SNode

{

    int* pLeftLink ;

    int* pRightLink;

    int  data;

};

class List

{

   public: 

       SNode m_Node;

   private:

       int GetNodeData();

};

1.7.1. Order of .h and .hpp File Contents

The recommended order of header file contents is as follows:

· Header file name, e.g. // list.h or list.hpp
· Header for .h file and .hpp file (as described in this document)

· #ifndef statement

· #include statements

· typedef statements

· #define statements

· const statements (for global constants)
· static variables declarations and definitions (for global static variables)
· Forward declarations of structures and classes respectively

· struct declarations

· class declarations 

1.8. Source File Contents

A source file (.cpp) should contain the implementation of its header file. In case a header file contains more than one classes or structures, then the implementation of those classes or structures should be in the same source file. Following guidelines can be followed for the implementation of source files:

· Source file can contain its header file and other header files, if necessary

· Source file should not contain what is recommended to be in header file

· Implement related classes and structures that are likely to be used together in a single source file. For example List class and Node structure can be implemented in the same source file as Node structure is used within List class

Example:

// list.cpp
/*****************************************************************************

© Copyright Company Name, 2002

Description: This is the implementation file for the List class and it contains method/s to achieve List class functionality.

Creator: Fawad Bin Ashraf

Creation Date: 11-Apr-2002

Authors: Fawad Bin Ashraf (FBA)

History:

Version
Date


By


Description

=======
========== 

========

=================

0.1

11-Apr-2002

FBA


Initial Version 

******************************************************************************/
#include "list.h"

// include its header file

#include <iostream.h>
// include other header file(s)

/*-----------------------------------------------------------------------------

Description: This method returns the Node data stored in the list.

Creator: Fawad Bin Ashraf

Creation Date: 11-Apr-2002 

Parameters:
  N/A

Return value: returns the data stored in the list node in the form of ‘int’

Exceptions:   N/A

-----------------------------------------------------------------------------*/
int List::GetNodeData()

{

    return m_Node.data;

}

1.8.1. Order of .cpp File Contents

The recommended order of source file contents is as follows:

· Implementation filename, e.g. // list.cpp
· Header for .cpp file (as mentioned in this document)

· #include statements

· Structure constructor and method implementation

· Constructor(s) implementation should come first before other methods.

· Class constructor and method implementation

· static variables definitions (class member static variables)

· Constructor(s) implementation should come first before other methods.

It is recommended to use the method header (as described in this document) for all methods.

Naming Conventions

Following are guidelines that can be followed for naming variables:
· Variable names should be meaningful. That is, they should be easy to understand and meaningful. Avoid using abbreviations for variable names

· Single character variable names should be avoided. However, single character names may be appropriate for variables that are meaningless, such as dummy loop counters with short loop bodies or temporary pointer variables

· Avoid variables that contain mixtures of numbers and letters

· Avoid identifier names that differ in case, like foo and FOO
1.9. Class

The class name should always start with the first letter capitalised using mixed case for the rest of the name. For multiple word class name first letter of each word should be capitalised.  Class name should not contain underscore (‘_’). Use of numbers and symbols in class name is not recommended. If a Class is an abstract class, its name should be prefixed with ‘Abstract’ to make it explicit that this is an abstract class.

Example:
//Wrong

class account{}; 

class customer_Cheque{};

class Cheque#{};

//Correct

class Account {};

class CustomerCheque{};

class ChequeNumber{};

class AbstractShape{};
1.10. Interface

Interface names follow COM (Microsoft’s Component Object Model) conventional naming. The name is concatenated string of words with the first letter of all word capitalised.  A capital "I" is used as prefix. 

Example:

//Wrong

class I_customerCheque{};

//Correct

class IcustomerCheque{};
1.11. Structure

The structure name should follow the same convention as for of a class but prefixed with a capital S.

Example:
//Wrong

struct S_Account{};

struct CustomerCheque{};

//Correct

struct SAccount

struct SCustomerCheque

1.12. Methods

Method name should start with a capital case letter using mixed case for the rest of the name. For multiple word method names, first letter of each word should be capitalised.

Space between method name and the parenthesis () is not recommended.
Example:
//Wrong

void account()

void customerUpdate()

int  Calculateamount()

//Correct

void Account()

void CustomerUpdate()

int  CalculateAmount()

1.12.1. Method Parameters

The method parameters should follow the same naming convention as variable name (see section “Variables”). Variable name should be meaningful.
Example:

//Wrong

class CustomerServices


{

void transferAccount (Account account1, Account account2)  {}

}

//Correct

class CustomerServices


{

void transferAccount (Account accountFrom, Account accountTo){}

}
1.13. Variables:

Variable name should be descriptive and self-explanatory. It should not be too long. It is recommended to have a maximum of 15 character long variable name. Variable representing a collection should follow ‘list’ to represent its plural meaning, i.e. customerList, accountList.

1.13.1. Class Variable

Class variable name should precede with "m_" to represent as ‘member variable’. 

Example:
//Wrong

class Employee

{

   int account;

// class variable name should precede with "m_" 

}

//Correct

class Employee

{

   int m_Account;

// Member variable

}

1.13.2. Pointer Variables

Pointer variables should be prefixed by a 'p'. It is recommended to put the ‘*’ close to the pointer type and not the variable name. 

Example: 

//Wrong

String *name= new String;  // pointer variables should be prefixed by a




   // 'p', also * is close to p

//Correct

String* pName= new String; // pName is a pointer variable

String* m_pName;  
  // pointer variable that belongs to a class

1.13.3. Static Variables 

Static variables should be prefixed with 's_'.  If static variable is a class member then should be prefixed with 'sm_' (s for static and m for being class member).

Example: 

//Wrong

class Test

{

    private:

      static StatusInfo status; // Static variables should be prefixed 





// with 's_'

};

//Correct

class Test

{

    private:

      static StatusInfo sm_Status; // "sm_" shows that it is static as





   // well as class variable

};

1.13.4. Local Variables

Local variable should follow general naming conventions for variable names.

Example:

//Wrong

class Employee

{

   static Account s_Account;
// "m" is not prefixed

   void SomeMethod()

   {

      Account m_account;
// "m_" should not be used for local 

// variables

   }

};

//Correct

class Employee

{

   static Account sm_Account;
// static variable

   void SomeMethod()

   {

       Account account;

// local variable

   }

};
1.13.5. Global Variables

Global variables should be prefixed with a 'g_'. 

Example:
//Wrong

Logger  Log;   // Global variables should be prefixed with a 'g_'. 

//Correct

Logger  g_Log;

Logger* g_pLog;

// "g" is for global and "p" is for pointer

1.14. Constants

Constants should be all capitalised and each word be separated with '_'. 

Example: 

//Wrong

const int step_count = 5;   // Global constants should be all caps

//Correct

const int STEP_COUNT = 5;
1.15. Type Names

It is recommended to use typedef notation for naming types to make them more readable. Typedef names should use the same naming policy as for a class with the word "Type" appended. 

Example: 

//Wrong

typedef string Email;    
// Word "Type" should be appended

typedef uint32  SystemType;
// Word "Type" should be appended

//Correct

typedef string  EmailType;

typedef uint32  SystemType;

1.16. #define and Macros

It is recommended that #define and macro names be in all uppercase and each word be separated by an underscore (‘_’). 

Example:
//Wrong

#define ISERR(err) xyz   // "_" is missing

//Correct

#define MAX(a,b) abc

#define IS_ERR(err) xyz
1.17. Enum 

It is recommended for enum to follow class naming convention but the name should be prefixed by ‘E’. Also, the enum elements should be in all upper case with each word separated by an underscore (‘_’).

Example: 

//Wrong

enum PinStateType    // "E" is not prefixed

{

   pin_off,          // should be in all caps   

   pin_on

};

//Correct

enum EPinStateType

{

   PIN_OFF,

   PIN_ON

};
1.18. Identifier Name Clashes

The clash of potential identifier names in C++ program and the libraries should be avoided. This can be achieved by having different name spaces and carefully choosing identifier names. It is recommended to have a namespace name as single word. The name of the namespace should be in lower case prefixed by "NS" (Name Space).

Example:

// Defining a new namespace

//Wrong

namespace account
// not recommended as "NS" is not prefixed

{

    char accountType;

};

//Correct

namespace NSaccount

{

    char accountType;

};
Comments

Comments make code more understandable and are an effective tool for maintenance. Provide comments in code whenever there is a situation that needs to be explained. Following sections describe different style of comments that can be used.

1.19. Single-Line Comments

Short comments can appear on a single line indented to the indentation level of the code that follows. Single line comments start with double slashes (//).

Example:

// Checking customer credit card limit

if ( creditAmount <= 0)

{

    Statements;

}

else 

{

    Statements;

}

1.20. Trailing Comments

These are comments like describing a variable’s meaning can appear on the same line following the code. Trailing comments should be tabbed over far enough to separate them from the code.. If multiple trailing comments are used in a block of code, they should be tabbed to the same level. Trailing comments also start with double slashes (//).

Example:

if (distance == MAX_DISTANCE)

   return True;
        // maximum distance is covered

else

   return False;
// maximum distance is not covered

1.21. Multiple Line Comments

Multiple line comments are used where single line and trailing comments are not sufficient. These could be used to explain some piece of code, an algorithm or to provide header information for classes and methods. Multiple line comments are enclosed within /* and */ pairs.

Example:

/*

This code is an application of round robin algorithm for task scheduling in a queue implemented using pointers.

*/

Statements

Statements are the actual code that should be in proper format. Following sections discusses different type of statements to deal with.

1.22. Multiple Statements

Avoid using multiple statements on the same line.

Example:

//Wrong

argv++; argc--;
// Multiple statements on same line are // not recommended

//Correct

argv++;



// one statement per line

argc--;

1.23. Compound Statements

Compound statements contain multiple statements enclosed in braces ‘{}’, sometimes called a block. The enclosed statements should be indented one more level than the compound statement itself. The opening left brace should be at the start of the line beginning the compound statement and the closing right brace should be on a separate line, positioned under the beginning of the compound statement (see example below).

Example:

{

   // compound statements enclosed in {} and intended on step

   int some_variable;

   statements;

}

1.24. if else Statements

Examples of different types of if else statements are as follows:

Case-1
if (condition)

{

    Statements;

}

Case-2

if (condition) 

{

    Statements;

} 

else 

{

    Statements;

}
Case-3

if (condition) 

{

   Statements;

} 

else if (condition) 

{

    Statements;

} 

else 

{

    Statements;

}
1.25. for Statements

for (initialization; condition; update) 

{

    Statements;

}
If the three parts of a for statement do not fit on one line, it is recommended to break them on separate lines, as shown below: 

for   (longinitialization;

       longcondition;

       longupdate) 

{

   Statements;

}
1.26. do Statements

In do-while statement, it is recommended to have do and while keywords on separate lines.

do

{

   Statements;

}

while (condition); 
// ‘while’ statement on separate line

1.27. while Statements

while (condition)

{

   Statements;

}
1.28. switch Statements

switch (value)

{

    case condition1:

    {

        Statements;



        break;

    }   

    case condition2:

    {

        int <localVariable>;
        Statements;

        break;

    }

    default:   

    { 

        Statements;

        break;

    }

}

1.29. try/catch Statements

try 

{

   Statements;

} 

catch (Type type)       // not recommended to catch by value
{

   Statements;

} 

catch (Type& type) 
// recommended to catch by reference

{

   Statements;

}
catch (...) 

// catching … means catching all type of 




// exceptions

{

   Statements;

}

Indentation

Indentation is a very important characteristic of written code it makes a piece of code more readable and easy to understand. 

1.30. Tab Size/Line Spacing 

Indent size of 4 spaces is recommended.

Example:
void func()

{

    if (condition)

    {

        if (condition)

        {

             while (condition)

             {

             }

        }

    }

}

1.31. Alignment of Braces ‘{ }’

Following guidelines should be followed for brace alignments:

· Braces should start from the new line

· Ending brace should be aligned with starting brace

· Braces should be left aligned with respect to block

Example:

if (first condition)

{



// on new line

   Statements;

}



// aligned with starting brace

else if (second condition)

{



// left aligned with respect to block

   Statements;

}

else

{

   Statements;

}
1.32. Line Breaks

Occasionally an expression will not fit in the available space in a line; for example, procedures call with many arguments, or a logical expression with many conditions. In such cases the line needs to be broken up, then continuation should be clearly shown. For example, the expression could be broken after the last comma of a function call (not in the middle of a parameter expression), or after the last operator that fits on the line. 

If they are needed, subsequent continuation lines could be broken in the same manner, and aligned with each other. 

Example:
if (thisLongExpression < 0 ||


// line break


    thisLongExpression > max_size ||

    thisLongExpression == SomeOtherLongExpression) 

{

    term = (long_identifier_term1 - long_identifier_term2) * 


            long_identifier_term3;


// aligned

}

1.33. Using Parentheses ‘()’

It is recommended to use a space after a keyword (if, when etc.). It is recommended not to use a space between function name and starting parentheses when a function is being declared or defined. In return statements use of parentheses is legal but it is recommended that () should not be used.

Example: 

//Wrong

if(condition)


// no space between ‘if’ and ‘(‘

{

    Statements;

}

while(condition)

// no space between ‘while’ and ‘(‘

{

    Statements;

}

CalculateBalance (int accountNo)// space in function declaration 





// and definition

Strcpy (s,s1);


// space in function call

return (value);
 

// () used in return statement

//Correct

if (condition)


// a space between ‘if’ and ‘(‘

{





    Statements;

}

while (condition)

// a space between ‘while’ and ‘(‘

{

    Statements;

}

CalculateBalance(int accountNo) // no space, in function declaration 





// and definition

Strcpy(s,s1);


// no space, when calling function

return value;
 

// recommended not to use ()

Good Programming Practices 

1.34. No Use of Literal Numbers

A literal number should not be used in the code, as it does not convey any meaning with it. Instead use a const, enum and #define whichever is appropriate as recommended in this document.

Example:

//Wrong

if (100 == tempValue)

  // 100 is s a magic number 

{

    Statements;

}

else        

{

    Statements;

} 

//Correct

const int MAX_TEMPERATURE =  100;

if ( MAX_TEMPERATURE == tempValue) // MAX_TEMPERATURE is a constant

{

    Statements;

}

else        

{

    Statements;

} 

1.35. Avoid Using Macros

Use inline function instead of using macro for code efficiency and easy debugging. 

Example: 

Instead of using macros

#define MAX(x,y) (((x) > (y) ? (x) : (y)) 

Use inline functions for efficiency

inline int Max(int x, int y) 

 

{

    return (x > y ? x : y);

}
1.36. Preventing Memory Leaks

Memory leaks occur when new memory is allocated dynamically and never deallocated. In C++, new memory is usually allocated by the new operator and de-allocated by the delete. 

1.36.1. Use of Delete Operator
In C++ delete operator should be used to release allocated memory. The delete operator is used to free a single allocated class or data value, whereas the delete[]is used to free an array of data values.

1.36.2. Use of Virtual Destructors

It is recommended to use the virtual destructors to avoid memory leaks. AAGITS Refer to C++ training material for using virtual destructors.

1.36.3. Use of Smart Pointers

Smart pointer is an excellent design to avoid memory leaks. Refer to AAGITS C++ training material as how to use smart pointers.

1.36.4. Release Existing Memory

A common mistake is overwriting a variable containing dynamic memory without freeing any existing memory first as shown below:

thestring = new char[buflen];
 // create thestring array

delete [] thestring;

 // release old thestring 

thestring = new char[buflen];
 // create new thestring, if not released  

                               // before creating new one, will result

                               // in memory leak 

1.37. Using const
Constants can be used in different ways in combination with pointers as explained below.

Example:

int x = 200;

const int p = 100;
// p is a const int, e.g. p = 300; is invalid

int* const q = &x;
// q is const pointer and can not hold other

// address, e.g. q = &p is invalid, but value // of x can change

const int* const r = &x; // r is a const pointer to a const int, 

// neither r nor the variable it is pointing   

// to can be changed

1.37.1. const Object Assignments

Note that const objects can be assigned to non-const objects (thereby making a copy), and the modifiable copy can of course be changed. However, pointers to const objects cannot be assigned to pointers to non-const objects, although the converse is allowed. Both of these forms of assignments are legal: 

Example:
//Wrong

int  a = 10;

int  b = 20;

int* p1 = &a;

int* p2;

int* p3 = &b;

const int* ptrToConstInt = p1 ; // Initialization

p2 = ptrToConstInt;     // Error: pointer to constant integer cannot 




// be assigned to other pointer

int*  const constPtrToInt = &a; // Initialization 

constPtrToInt =  p3;  
// Error: constant pointer to integer cannot be




// modified once initialized

//Correct

int  a = 10;

int* p1 = &a;

int* p2;

const int* ptrToConstInt = p1 ;  // Initialization

ptrToConstantInt = p2;           //pointer to integer can be assigned





 //to pointer to constant integer      

int*  const constPtrToInt = p1; // Initialization

p2  = constPtrToInt; 

// Any constant pointer to integer can 





// be assigned to non constant pointer
1.37.2. const in Arguments Lists

const can be used in argument list with normal variables, reference variables and pointer variables as shown below. The effect of const is same as discussed before in this document.

void Move(const Source source);

void Move(const Source* source, const Destination* dest);

void Move(const Source& source, const Destination& dest);  

1.38. Using enum
The enum data type is the preferred way to handle situations where a variable takes on a discrete related set of values. If constants define a related set, it is recommended make them as enumerated type. 

Example: 

//Wrong

const int   RED    = 0;     // not recommended, for related set of data

const int   BLUE   = 1;

const ink   GREEN  = 2;

//Correct

enum EColorComponent        // use enum instead

{     

    RED,

    BLUE,

    GREEN

};
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