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1. Preface

This document contains development and coding guidelines for Wallac Windows application and component development that is done with the Microsoft Visual C++ environment. The document contains information that is specific for Visual C++ system and not directly applicable to other programming environments. In addition, the document contains some MFC specific information. 

All guidelines that are common to all programming environments are located in the Windows Software Development Guideline.doc that forms the base of all information in this document. This document has the same paragraph numbering as the common standard paper in chapter 2 - 5 so it is easy to look up information from either of these documents based on the other.
NOTE! 
These conventions and guidelines must be followed during all program development phases - even when just creating a quick demo or test bench since this new code may (and will very likely) be needed in “real” projects too!

1.1 Definitions, acronyms and abbreviation

ATL 

Active Template Library

COM

Component Object Model

MFC

Microsoft Foundation Classes

MSDN

Microsoft Developer Network

RTTI

Runtime Type Information

1.2 References

This document is partially based on following sources:




	Author
	Title, publisher

	Maguire, Steve
	Writing solid code. Microsoft press 1993.

	Maguire, Steve
	Debugging the development process. Microsoft press 1995.

	McConnell, Steve.
	Code complete. Microsoft press 1993

	DiLascia, Paul
	Fun with MFC: 33 Tips to Help You Get the Most Out of C++ Class Libraries for Windows.

	Microsoft
	MFC: Using the MFC Source Files

(MSDN Library)

	Microsoft
	Microsoft Foundation Class Library Development Guidelines.

(MSDN Library)


Primary references:

[SDG-Win32]
Windows Software Development Guideline

[SDG-VSS]
Visual SourceSafe Usage Guideline

[SDG-VC++]
This document

2. Naming conventions

2.1 Variable naming convention

Simplified Hungarian notation should be used in Wallac C++ Windows applications as follows :

1.
Use modified Hungarian notation in names for variable/member variables, function arguments and function return values.

2.
Do not use Hungarian notation in function names but only in function arguments and return value.

3.
Do not use Hungarian notation for object variables or #define constants. Exception: Use “r” and “p” prefixes for references and pointers to objects and “m_” to denote object member variables.

See appendix 1 starting at page 29 of this document for a definition of variable name prefixes to be used in Wallac Windows application code.

Many Windows programmers use a variable-naming convention known as Hungarian notation, in honor of the legendary Microsoft programmer Charles Simonyi. Very simply, the variable name begins with a lowercase letter or letters that denote the data type of the variable. For example, the lpsz prefix in lpszCmdParam stands for ”long pointer to a string terminated by zero."

The h prefix in hInstance and hPrevInstance stands for ”handle"; the n prefix in nCmdShow stands for ”number," and usually specifies an integer. Two of the parameters to WndProc also use Hungarian notation: wParam is a UINT (the "w" stands for "word"), and lParam is a LONG.

When naming structure variables, you can use the structure name (or an abbreviation of the structure name) in lowercase either as a prefix to the variable name or as the entire variable name. For example, in the WinMain function in HELLOWIN.C, the msg variable is a structure of the MSG type and wndclass is a structure of the WNDCLASS type. In the WndProc function, ps is a PAINTSTRUCT structure and rect is a RECT structure.

Hungarian notation helps you avoid errors in your code before they turn into bugs. Because the name of a variable describes both the use of a variable and its data type, you are much less inclined to make coding errors involving mismatched data types.

Examples of proper use of Hungarian notation in variable names:


szUserName

Zero terminated string


pszUserName

Pointer to zero terminated string


rszUserName

Reference to zero terminated string


m_pszKitName

Object member variable: pointer to zero terminated string


m_rKitNames

Object member variable: reference to kit names (collection object)


g_szAppName

Global variable: zero terminated string.

2.2 Function/method naming

Covered mainly in common standard.

Windows message and command handler routines must start with On prefix in MFC. 

Menu command handlers must be named so, that command name is derived from location of this command in English language menu (e.g. OnFilePrint(), OnEditCopy()).

2.3 Class naming

Class naming must follow standard MFC-type class naming guidelines with the following additions:

· Class name must start with letter “C” (like CWnd, CStringArray).

· If you create a library you should use the same prefix for all classes that belong to this library (as all MFCX classes like CWAboutDialog and CWWinApp have CW at the beginning of their name). This naming convention must be used if the library contains classes that are likely to be derived by the user, since it makes derivation simple (everyone who has seen MFC can guess that CWString is derived from CString and is a customized version of it).

· Classes that are derived from a parent class should contain the name of the parent class in the shape C<PossibleLibraryPrefix><Name><ParentName>. A few examples follow:

· CMainWnd and  CResultWnd are derived from CWnd.

· CWSyncObject in the MFCX library is derived from CObject.

Otherwise classes should follow the generic guidelines for variable and function naming outlined in the generic Windows Software Development Guideline.doc document.

CProtocol

CProtocols

CProtocolSet

3. Code formatting conventions

3.1 Code formatting in general

Covered mainly in common standard.

You should usually place only one object interface declaration or implementation into one file. If you are creating a library or otherwise have some related objects, the interfaces for these objects can be put into same file but must be separated by using standard block separator comment blocks (see the chapter “Code block separator comment” at page 9 of this document for separator block definition).

3.2 Common code element formats

3.2.1.1 if-statement format

C++ if-statements must be formatted as follows:

if(<Expression>) {

  <Statement1>;

  <Statement2>;

} else {

  <Statement3>;

}

If the else part of the if-statement is missing, you must still put Statement1 in a separate block as shown in next example:

if(<Expression>) {

  <Statement1>;

}

Several if-statements coupled to each other must be formatted as follows:

if(<Expression1>) {

  <Statement1>;

} else if (<Expression2>) {

  <Statement2>;

} else {


<Statement3>;

}

3.2.1.2 for- and while-statement formats

A for-statement must be formatted as follows:

for(<Expression>) {

  <Statement1>;

}

A while-statement is formatted just like a for-statement, just replace the for keyword with while keyword in previous examples.

3.2.1.3 do-while -statement format

C++ do-while statements must be formatted as follows:

do {

  <Statement1.1>;

  <Statement1.2>;

} while(<Expression>);

3.2.1.4 switch-case -statement format

A switch-case statement must be formatted as follows:

switch(<Expression>) {

  case <Constant expression1>:

    <Statement1>

    break;

  case <Constant expression2>:

    <Statement2>

    break;

  default:

    <Statement3>

}

3.3 Basic function/method implementation format

Function and method implementations should be formatted according to the following example:

int DaysInMonth(int nYear, int nMonth)

// Here is a comment that tells briefly WHAT the function does

// See commenting section of this document for more information!

{

  // Code that checks function arguments goes here

  ASSERT( (nYear > 1980) && (nYear < 2100) );

  ASSERT( (nMonth > 0) && (nMonth < 13) );

  // Actual function code goes here

  ...

  for(nPlate=1; GetMaxPlateCount(); nPlate++) {

    for(nWell=1; GetMaxWellCount(); nWell++) {

      dCountsSom += GetCountsForWell(nPlate, nWell);

      ...

    }

  }

  return 42;

}

3.4 Basic function declaration format

Function declarations (in .h files) should be formatted according to the following example:

int DaysInMonth(int nYear, int nMonth);

// Here is comment that tells briefly WHAT function does

// See commenting section of this document for more information!

int AnotherFunction();

// Here is comment that tells briefly WHAT function does

// See commenting section of this document for more information!

3.5 Basic source file format

All .cpp source code files must be formatted according the following example:

// --------------------------------------------------------------------------

// Long_name_for_project_or_component

// --------------------------------------------------------------------------

//

// One_line_file_description

//

// Multiple_line_comment_that_can_be_used_to_further_describe_file_contents

//

// Copyright © 2005 PerkinElmer Life Sciences, Wallac Oy
// Microsoft Visual C++ 6.0
//

// $Header: $

// Created: Create_date Who_created

//

// --------------------------------------------------------------------------

// $Nokeywords: $

#include “stdafx.h”

#include . . .

// --------------------------------------------------------------------------

// Runtime type information

// --------------------------------------------------------------------------

IMPLEMENT_ . . .

// --------------------------------------------------------------------------

// Debug mode support

// --------------------------------------------------------------------------

#ifdef _DEBUG

#undef THIS_FILE

static char BASED_CODE THIS_FILE[] = __FILE__;

#define new DEBUG_NEW

#endif

// --------------------------------------------------------------------------

// CMyClass constructors

// --------------------------------------------------------------------------

. . .

// --------------------------------------------------------------------------

// CMyClass attributes

// --------------------------------------------------------------------------

. . .

Some important things to note from the previous example are:

· Place only one C++ object implementation into one file if only possible. Multiple classes can be combined only if they are really closely related or some of the classes are privately used by other ones.

· All files must start with standard file header, see page 8 of this document for more information about standard header format.

· Place all includes directly after the common file header block. The header files should be grouped by their source in the following manner:


RTL / C++-language / C-language includes


MFC / ATL / Windows standard includes


MFCX / MFCI / other Wallac common includes


Project specific common includes


Component specific includes

· Next section (runtime type information) must contain IMPLEMENT_* macros for all objects implemented in this file (MFC only).

· Debug mode support section is followed by one section for each object implementation comment block. All comment blocks can only contain methods that belong to that block. See page 14 of this document for more information about the MFC object declaration convention (MFC only).

3.6 Environment specific formatting issues

3.6.1 Pointer and reference operator placement

C++ * (pointer) and & (reference) operators should always be placed next to the item that the 
operator is connected to, except in the case of return values from functions.

Examples:

WORD *pwUserCount, wCurUserCount;

// Declare a pointer to word and a word

int* GetDaysInMonth(int *pnYear, int *pnMonth);

// Declare a function that returns a pointer to an integer and 

// takes two pointers to integers as argument

4. Code commenting conventions

4.1 File header comment

Use the following file header comment to define file context, purpose, environment and copyright information:

// --------------------------------------------------------------------------

// Short_name_for_the_component - Long_name_for_project_or_component

// --------------------------------------------------------------------------

//

// One_line_file_description

//

// Multiple_line_comment_that_can_be_used_to_further_describe_file_contents

//

// Copyright © 2005 PerkinElmer Life Sciences, Wallac Oy
// Microsoft Visual C++ 6.0

//

// $Header: $

// Created: Create_date Who_created

//

// --------------------------------------------------------------------------

// $Nokeywords: $

<EmptyLine>

<CodeStarts>

Note!
You can easily overwrite the default information in this dummy header example template, since all text is connected with underscores and can be selected in VC++ IDE with just one mouse click. You should not use underscores in your own comments as word separators like the example template does.

Example:

// --------------------------------------------------------------------------

// MSSample - MSVC++ sample application

// --------------------------------------------------------------------------

//

// CSampleView object implementation

//

// CsampleView is the main view for MSVC++ sample application and behaves just

// like standard views in MFC Doc/View application do. See MFC manual chapter

// 42 for more information about Doc/View architecture in general.

//

// Copyright © 2005 PerkinElmer Life Sciences, Wallac Oy
// Microsoft Visual C++ 6.0

//

// $Header: /WTG/WTOOLS/SRC/WTOOLS.CPP 42     5/30/98 1:47p Jsak $

// Created: 28.4.1998 J.Sakki

//

// --------------------------------------------------------------------------

// $Nokeywords: $

#include “stdafx.h”

...

Note!
You should not manually edit text that is in $Header line, since this information will be automatically updated by Source safe version control system.

4.2 Code block separator comment

Use the following 77 character wide MFC block separator like comment to divide functions/methods to different functional code blocks:

// --------------------------------------------------------------------------

// <Block name>

// --------------------------------------------------------------------------

Example:

// --------------------------------------------------------------------------

// CSampleView printing

// --------------------------------------------------------------------------

... all printing methods

// --------------------------------------------------------------------------

// CSampleView text find operations

// --------------------------------------------------------------------------

... all text find operations

If you need to subdivide your code even more (e.g. need to write to objects in the same file you should use the previous separator comment between class definitions and separate method blocks with the following code separator block:

// --------------------------------------------------------------------------

// <Sub block name>

Example:

// --------------------------------------------------------------------------

// CSampleObject implementation

// --------------------------------------------------------------------------

// --------------------------------------------------------------------------

// Printing methods

... all printing methods

// --------------------------------------------------------------------------

// Serialization support

... all printing methods

// --------------------------------------------------------------------------

// CSampleView implementation

// --------------------------------------------------------------------------

// --------------------------------------------------------------------------

// Printing methods

... all text find operations

Note!
Try to avoid putting definitions for two classes into the same source file unless these classes are really closely connected or form part of bigger functionality. It’s best to put only one object in one file! The commenting practice outlined for many classes can be used in this one class per file situation too to separate object implementation from standard MFC epilogs etc. 

See file format examples at end of this document for more examples on how to use these code separator blocks.

5. Coding style issues

5.1 Inline functions vs. macros

Use inline functions instead of macros. C programmers habitually use #define to write macros like MIN and MAX for short functions that need to be fast. C++ provides inline functions for this purpose. Use them. Thus

// compute area of a circle with radius r

#define CircleArea(r)  (PI*(r)*(r))

becomes

inline double CircleArea(double r)

// Compute area of a circle with radius r

{ 

  return (PI * r * r);

}

Why are inline functions better than macros? The main reason is that they behave like functions. In the example, suppose you’d written

double area = CircleArea(r++);

If CircleArea were a #define macro, r would get incremented twice, probably not what you want. If you use an inline function instead, CircleArea does the right thing. It even provides type checking and coercion when necessary.

5.2 Pointers versus references

Despite some similarities, pointers and references are very different and should be used so. The following aspects should be taken into account when you consider using a pointer or a reference:

· If the object referred must exist, use a reference.

· If the object referred may exist, use a pointer and NULL to represent the absence of the object.

· In function parameters, use a pointer to denote call-by-reference. This provides a much stronger notation than a reference. A reference can be used as an optimization and is then usually used in conjunction with the const keyword.

· A reference can also be used to avoid cluttered code, e.g. in the following manner:

long &lRawResult = pFooBar->Counter.ResultMatrix[lRow][lCol];

long lCorrectedResult = CorrectResult(lRawResult);

nTotalError = lRawResult – lCorrectedResult;

lRawResult = lCorrectedResult;

5.3 Built-in bool datatype

Visual C++ 5.0 was the first version of the compiler to support the C++ built-in datatype bool. It can only take the values true and false. The main advantage of the bool data type is that it cannot be misused in the same way as a BOOL (which is just a typedef of int). The built-in bool type should be used whenever possible, but there are many places when the old BOOL still has to be used (e.g. most Windows API calls).

5.4 Begin/end sequences

Use constructors and destructors to encapsulate standard begin/end sequences. Any time you see a repetitive coding sequence that goes something like this

initialize

do something

terminate

you should encapsulate it in a class, where the initialization and termination are done in the constructor and destructor. Here’s another simple example: frequently, you want to temporarily change something, like the cursor shape or mouse position, and then restore it to its original state when you’re done. I’d call this an excursion. Any time you want code like this

SAVEFOO save = SaveFooState();

... Manipulate Foo

RestoreFooState(save);

you can encapsulate it in a class.

class CFooExcursion {

  SAVEFOO
m_Save;

public:

  CFooExcursion()   { Save = SaveFooState(); }

  ~CFooExcursion()  { RestoreFooState(Save); }

};

Then, when you want to do an excursion, you can write

if (MumbleBlech()) {

  CFooExcursion Save;

  ... mess with foo all you like, it’ll get restored

}

5.5 Exception handling

C++ exceptions provide a robust method for handling errors and unexpected situations. The main advantage of the C++ exception handling mechanism is that all local objects get their destructor called during the stack unwinding when an exception is thrown. By encapsulating all begin/end sequences (see chapter 5.4) into classes it is possible to handle error situations in a very clean manner.

If you use MFC there are several ready exception classes to use for the exception. You can also derive your own exception classes from these. It is important to note that MFC uses pointers to the exception objects, and these objects should be destroyed by their Delete() member and not the delete operator. An example follows:

try {

  ... Execute code that may throw an exception

} catch (CFileException *pE) {

  ... Handle the exception

  pE->Delete();

}

If you are not using MFC it is recommended that you pass the exception object by value or reference. This frees you from the responsibility of remembering to delete the exception object.

Older MFC code examples often use the TRY, THROW and CATCH macros for exception 
handling. These are now obsolete and should not be used. They can easily be replaced with the new C++ try, throw and catch statements.

5.6 Type casting

Traditional C style type casting is very dangerous and should be avoided if possible. Since it is not possible to completely avoid type casting, C++ has defined several type cast operators that should be used instead of the traditional C style casts. The dynamic_cast operator works with polymorphic types and is very useful since it performs run-time type checking (RTTI must be enabled). It returns NULL if the cast fails. An example follows:

class CFoo { … };

class CFooChild : public CFoo { … };

class CFooGrandChild : public CFooChild{ … };

void MyFunction(CFooChild *pChild)

{

 ... 


CFoo *pFoo = dynamic_cast<CFoo *>(pChild);              // OK, simple upcast


void *pv = dynamic_cast<void *>(pFoo);                  // OK, pv points to a CFooChild


CFooChild *pNewChild = dynamic_cast<CFooChild *>(pFoo); // OK, valid downcast


CFooGrandChild *pGrandChild

                = dynamic_cast<CFooGrandChild *>(pFoo);  // Not OK, pGrandChild gets a NULL

                                                         // pointer assigned to it


CFooGrandChild *pSecondGrandChild

                = static_cast<CFooGrandChild *>(pFoo);   // Not OK, pSecondGrandChild still
                                                         // gets a pointer assigned to it

 ... 

}

The static_cast operator is not as strict as the dynamic_cast operator. It performs no run-time type checking, but relies completely on the information supplied by the programmer. A programming error can have severe consequences, e.g. calling a CFooGrandChild method through the pSecondGrandChild pointer in the example above will probably lead to an access violation. The static_cast operator also performs conversion on non-polymorphic types, e.g. integral types.

C++ also provides two other casting operators that can be used if none of the above casts is sufficient. You can use const_cast to remove the const, volatile, and __unaligned attributes. The casting operator reinterpret_cast allows reinterpreting the bits, i.e. converting just about anything to anything. These last two casting operators have all the dangers of the traditional C style type casts, but they force the programmer to be a bit more explicit about the casts.

5.7 Use of native COM support

Visual C++ 5.0 incorporated several new features supporting the programmer using COM objects. The key ingredient of this is a COM smart pointer that wraps a COM interface and provides automatic QueryInterface()/Release() functionality, an easy way of accessing COM object properties and error handling through the usual C++ exception handling mechanism. This functionality works through the new preprocessor directive #import, which imports a type library and exposes it as C++ items in. For more information, see the MSDN article “Visual C++ 5.0 Compiler Native COM support”. A short example follows:

#include <comdef.h>

#import <WICO.dll> no_namespace

void CheckNodes(IWNodesPtr pNodes)

{

  try {


   // Loop through the nodes collection

    IEnumVARIANTPtr pEnum = pNodes->_NewEnum;

    _variant_t varNode;


   while (pEnum->Next(1, &varNode, NULL) == S_OK) {

      IWNodePtr pNode = varNode.pdispVal;

      if ((VARIANT_BOOL)pNode->IsAlive) {

        ... Do something

      }

    }

  } catch (_com_error e) {

    ... Gracefully recover from error

  }

}  

The variable types with a Ptr suffix are COM smart pointers types. Note that there are no QueryInterface() or Release() calls and no ASSERT(SUCCEEDED(hResult)) statements, which really makes for a much cleaner code. Also note the _variant_t type, which provides a useful wrapper for the VARIANT data type. The conclusion is that you should use the new native COM support when using COM objects from C++.

6. MFC

6.1 General MFC development guidelines

6.1.1 MFC object declaration convention

This chapter explains the convention that MFC and Wallac applications use to comment the various parts of each class, what these comments mean, and what you should expect to find in each section. ClassWizard and AppWizard use a similar convention for the classes they create for you. 

These conventions must be followed to make it possible to share code between developers and Wallac projects.

You might be familiar with the public, protected, and private C++ keywords. When looking at the MFC header files, you'll find that each class may have several of each of these. For example, public member variables and functions might be under more than one public keyword. This is because MFC separates member variables and functions based on their use, not by the type of access allowed. MFC uses private sparingly — even items considered implementation details are generally protected and many times are public.

In both the MFC source files and the files that AppWizard creates, you will find comments like these within class declarations (usually in this order):

// Constructors

// Attributes

// Operations

// Overridables

// Implementation

The following partial listing of class CStdioFile uses most of the comments:

class CStdioFile : public CFile {


DECLARE_DYNAMIC(CStdioFile)

// Constructors

public:

  CStdioFile();

...

// Attributes

  FILE* m_pStream;          // stdio FILE

...

// Operations

  virtual void WriteString(LPCTSTR lpsz);

...

  virtual LPTSTR ReadString(LPTSTR lpsz, UINT nMax);

...

// Implementation

public:

...

};

These comments consistently mark sections of the class declaration that contain similar kinds of class members.

6.1.1.1 The // Implementation section

This section houses all implementation details. Both member variables and member functions can appear in this section. Everything below this line could change in a future release of this object. Unless you can't avoid it, you should not rely on details below the // Implementation line. In addition, members declared below the implementation line are not documented, although some implementation is discussed in technical notes. 

Notice from the partial CStdioFile listing in 6.1.1 that members declared below the // Implementation comment may be declared as public, protected, or private. The point is that you should only use these members with caution, because they might change in the future. Declaring a group of members as public may be necessary for the class library implementation to work correctly. However, this does not imply that you may safely use the members so declared.

Note!
You may find comments of the remaining types either above or below the // Implementation comment. In either case, they describe the kinds of members declared below them. If they occur below the // Implementation comment, you should assume that the members might change in future versions of this object.
.

6.1.1.2 The // Constructors section

This section declares constructors (in the C++ sense) as well as any initialization functions required to really use the object. For example, CWnd::Create is in the constructors section because before you use the CWnd object it must be "fully constructed" by first calling the C++ constructor and then calling the Create function. Typically these members are public.

CStdioFile has three constructors, one of which is shown in the partial listing in 6.1.1.

6.1.1.3 The // Attributes section

This section contains the public attributes (or properties) of the object. Usually these are member variables, or Get/Set functions. The "Get" and "Set" functions may or may not be virtual. The "Get" functions are usually const, since they usually don't have side effects. These members are usually public; protected and private attributes are typically found in the implementation section.

In the example listing for class CStdioFile (6.1.1 MFC object declaration convention) the list includes one member variable, m_pStream. Class CDC lists nearly 20 members under this comment.

Note!
Large classes, such as CDC and CWnd, may have so many members that simply listing all of the attributes in one group would not add much to clarity. In such cases, the class library uses other comments as headings to further delineate the members. For example, CDC uses // Device-Context Functions, // Drawing Tool Functions, // Drawing Attribute Functions, and more. Groups that represent attributes will follow the usual syntax described above. Many of the OLE classes have an implementation section called // Interface Maps.

6.1.1.4 The // Operations section

This section contains member functions that you can call on the object to make it do things or perform actions (perform operations). These functions are typically non-const since they usually have side effects. They may be virtual or non-virtual depending on the needs of the class. Typically these members are public.

In the partial listing for class CStdioFile (6.1.1 MFC object declaration convention), the list includes two member functions under this comment: ReadString() and WriteString().

As with attributes, operations may be further subdivided.

6.1.1.5 The // Overridables section

This section contains virtual functions that you can override in a derived class when you need to modify the base class behavior. They are usually named starting with "On", although it is not strictly necessary. Functions here are designed to be overridden, and often implement or provide some sort of "callback" or "hook." Typically these members are protected.

In MFC itself, pure virtual functions are always placed in this section. A pure virtual function in C++ is one of the form:

virtual void OnDraw( ) = 0;

In the example listing from class CStdioFile (6.1.1 MFC object declaration convention), the list includes no overridables section. Class CDocument, on the other hand, lists approximately 10 overridable member functions.

In some classes, you may also see the comment // Advanced Overridables. These are functions that only advanced programmers should attempt to override. You will probably never need to override them.

Note!
The conventions described in this article also work well, in general, for OLE Automation methods and properties. Automation methods are similar to MFC operations. Automation properties are similar to MFC attributes. Automation events (supported for OLE Controls) are similar to MFC overridable member functions. 

6.1.2 Limit the Number of Abstract Base Classes You Write

MFC has a few abstract base classes that serve specific purposes, such as CObject and CCmdTarget. In general, we advise developers to combine an abstract base class with a useful implementation if that is possible. CFile and CWnd are examples of classes that are used in both concrete and abstract forms.

6.1.3 Use Single Rather Than Multiple Inheritance in Your Classes

Multiple inheritance adds a high degree of complexity to application development. MFC does not use multiple inheritance in the design or implementation of any of its classes. While you can use multiple inheritance with MFC to write an application (see Technical Note 16 on MSDN), we do not recommend using it in MFC-friendly classes. 

6.1.4 Use Templates as an Advantage in Your Classes 

Templates in C++ are relatively new to the language and rather complicated to implement. Templates allow your classes to be generic when necessary, but the level of complexity inherent to templates can negate this advantage. Templates are most useful when creating “collection” classes, or for providing type-safe wrappers on a non type-safe base implementation.

6.1.5 Remember to Include Virtual Destructors for Your Class

Remember to declare virtual destructors for your classes if they include virtual functions. Using virtual destructors, you can destroy objects without knowing their type — the correct destructor for the object is invoked using the virtual function mechanism. For rules on declaring virtual destructors, see “Declaring Destructors” in the C++ Language Reference on MSDN.

6.2 How to use MFC debugging features

Use TRACE, ASSERT, and all the other good debugging stuff in MFC. TRACE and ASSERT can save your life. Windows-based programs are notoriously difficult to debug, because messages are jumping all over the place as control goes in and out of your program, outside and inside the dark Windows cloud. You usually can’t follow execution inside Windows (though you can follow it inside MFC, thanks to the debugging versions of the AFX libraries). One of your best debugging tools is the MFC equivalent of printf statements: TRACE.

(
The TRACE macro works just like printf(), but it writes to debug output instead of stdout. The output of TRACE can be configured with TRACER.EXE application. Under Windows 95 you will see TRACE() output coming from 32-bit modules only if they are running in debugger. In Windows NT or newer you can use DBMON.EXE (Platform SDK) to monitor TRACE() output from all debug-build applications, or more preferably use the Wallac made WDBWin.exe utility. 

int cWords = 0;

TRACE(“The word count is now %u”, cWords);

cWords++;

TRACE(“Well, the word count is now %u and name is %s”, cWords, TheApp.m_lpszAppName);

(
ASSERT is even more valuable than TRACE. ASSERT lets you catch bugs upstream, before they happen. Use it to keep your program honest. Any time you know you should check a return pointer or BOOL for a non-NULL value, but you’re too lazy, you can make an easy compromise by inserting an ASSERT.

BOOL ret = CreateWindow(...);

ASSERT(ret);

Don’t forget, you can’t put executable code inside the ASSERT macro, because it’ll get compiled out in the release version. 

// !@$%# call to CreateWindow not compiled in the 

// release version

ASSERT(CreateWindow(...));

(
I’ve seen more than one programmer pull his hair out wondering why the debug version of his code works just fine, but everything breaks when the release version is compiled. Often, the problem is some missing statement buried inside an ASSERT macro. If you want to put real code inside an ASSERT, use VERIFY instead:

// CreateWindow will stay, even in the release version

VERIFY(CreateWindow(...));

(
The MFC AssertValid() function is related to ASSERT. This is a virtual function for CObject-derived classes, but you can write an AssertValid() function for any object in your system (see “Built-in Diagnostic Facilities in The Microsoft Foundation Classes Simplify Debugging,” MSJ, Feb. 1993 for more tips on debugging with MFC). The macro ASSERT_VALID provides a more robust wrapper for the AssertValid() function. Use it! Sprinkle your code with ASSERT_ VALID macros in key places. It helps you find bugs before they happen.

BOOL MyFunction(CWnd *pWnd, int nValue)

{

  // Must be valid window

  ASSERT_VALID(pWnd);

  // nValue must be in range

  ASSERT( (nValue > 0) && (nValue <17) );

  // The actual function body goes HERE!

}

You should implement AssertValid() and Dump() member functions for all your CObject derived classes. These functions should be implemented as follows:

void CMyObject::AssertValid() const

{


// First call the base class version

  <CBaseClassName>::AssertValid();

  // Check validity of this object

  // In this example we check that all member variables are valid

  ASSERT( (m_uFileListPos == 0) || (m_uFileListPos < m_Files.GetSize()) );

}

void CMyObject::Dump(CDumpContext& dc) const

{

  // First call the base class version

  <CBaseClassName>::Dump(dc);

  // Dump all member data for this object

  dc << m_uFileListPos;

  dc << “\n”;

}

(
The MFC classes use Dump() member function e.g. to report the state of your objects if memory leak occurs. You can also call Dump() directly but you must then supply a CDumpContext argument to specify where the dump output will go when you call the Dump function for an object. MFC supplies a predefined CDumpContext object named afxDump that you will normally use for routine object dumping. The following example shows how to use afxDump:

CPerson pMyPerson = new CPerson;

// set some fields of the CPerson object...

//...

// now dump the contents

#ifdef _DEBUG

pMyPerson->Dump( afxDump );

#endif

In Windows NT or newer, afxDump output is sent to the debugger or to DBMON/WDBWin, if present. Otherwise, you will not get any afxDump output.

(
MFC supports also automatic memory leak detection and improved memory allocation/overwrite debugging. The MFC libraries override the normal operator new. Under debug mode new calls

void* operator new(size_t nSize)

 However, CObject also overrides operator new, causing 

void* CObject::operator new(size_t nSize)

to be called if the operand is a CObject. This lets you determine whether an object or a bit block is being allocated. Even being able to call separate functions for new doesn’t give you the filename and line number information, so you must define new as follows:

#define new DEBUG_NEW

This will cause the calls to new to be translated into

new(size_t nSize, THIS_FILE, _ _LINE_ _ )

Since this call to new has a different number of parameters it will be resolved to a third and fourth function, depending upon whether the operand is an object or not. Even though C++ provides us with default parameters, they’re not used here, so that calls to new without DEBUG_NEW don’t incur the additional cost of pushing two extra parameters if they aren’t needed.

Now let’s follow an allocation from start to finish.

CFoo* p = new CFoo()

The object CFoo is derived from CObject and is 32 bytes in size. Let’s say this statement is located in file BAZFILE.CPP on line 124, and new is defined to be DEBUG_NEW. With those conditions, the call translates to

CFoo::new( 32 /* sizeof(CFoo) */, THIS_FILE, 124).  

Normally classes do not override the new operator. If you want to override new for your object, you can still use the debugging routines as long as your routine calls CObject::new to do the actual memory allocation. Here, CFoo doesn’t have an override so CObject::new is called. If DEBUG_NEW hadn’t been defined, the line would have been:

CObject::new( 32 )

The only difference between the code in these two functions is that the latter uses NULL for a filename pointer and 0 for the line number, which means that dumps of the memory list won’t be able to display the filename and line number of the allocation for you.

As of MFC version 4.0, MFC uses the same debug heap and memory allocator as the C Run-Time Library.  

Please note that you must place the #define statement after all statements that call the IMPLEMENT_DYNCREATE or IMPLEMENT_SERIAL macros in your module, or you will get a compile-time error. 

6.3 How to use MFC validation functions

(
You should use the following standard MFC functions to validate arguments that are passed to your methods:

BOOL AfxIsValidAddress(const void* lp, UINT nBytes, BOOL bReadWrite = TRUE);

// Returns TRUE if lp is valid address for nBytes worth of data with bReadWrite access.

BOOL AfxIsMemoryBlock(const void* p, UINT nBytes, LONG* plRequestNumber = NULL);

// Return TRUE if p points to nBytes long valid memory block 

// that has been allocated with DEBUG_NEW operator.

BOOL AfxIsValidString(LPCWSTR lpsz, int nLength = -1);

BOOL AfxIsValidString(LPCSTR lpsz, int nLength = -1);

// Return TRUE if lpsz is pointer to valid NUL terminated string.

BOOL AfxCheckMemory();

// Return TRUE if memory is sane or print out what is wrong.

One of the hardest problems to track down is a write past the end of your block that corrupts the heap. Most often, by the time your program crashes, you are far from the problem code. Often the problem is something as small as being off by one in a loop. This is where the MFC debug allocator really earns its keep. By setting the flag checkAlwaysMemDF in the global afxMemDF and rerunning your program, every allocation and free will automatically perform a call to AfxCheckMemory(). If some part of the MFC-managed memory is corrupt, it will trigger an ASSERT from the new or delete operator.

The AfxCheckMemory() function can be called separately and returns a BOOL. If your program writes past the end of a block instead of finding a problem many allocations later in unrelated code, the very next time new or delete is called your block will be identified as being corrupt. The following code example demonstrates how to call AfxCheckMemory() and set the checkAlwaysMemDF flag.

// Shows how to call AfxCheckMemory()

if(!AfxCheckMemory())

  TRACE("Error: Memory corrupt!");

. . .

// Shows how to set AfxCheckMemory to be called after each memory allocation

afxMemDF |= checkAlwaysMemDF;

6.4 Derive your classes from CObject

Use CObject if you can. CObject is both a blessing and a curse. It’s a blessing because it provides all kinds of great infrastructure for debugging. In particular, you can check that a particular object is really the kind of object you think it is when you do (hold your nose) a cast.

CMyClass *pobj = (CMyClass *)GetObjectFromSomewhere();

ASSERT(pobj->ISA(CMyClass));

Of course, this only works if CMyClass is ultimately derived from CObject, because that’s where IsKindOf is defined. It’s also the home of the debugging functions AssertValid and Dump.

Now, why is CObject a curse? Because it messes up your life if you try to use multiple inheritance. CObject is the mother-of-all-classes, and using multiple inheritance is like trying to have two mothers. You end up with multiple copies of CObject and the run-time class hierarchy just doesn’t work because CRuntimeClass, the struct that implements run-time classes, expects each class to have a single base in the derivation tree. Many C++ architects shun root classes like CObject for just this reason. But since it’s a fact of life in MFC, you should go ahead and use it. 

If your class already has virtual functions, adding the CObject vtbl entries doesn’t add to the size of the object, since you already have the overhead of a vtbl pointer in your object. CObject provides a number of services including serialization, run-time class information, and object diagnostic output. The cost of deriving your class from CObject is minimal: your derived class will have the overhead of four virtual functions and a single CRuntimeClass object.
6.5 Internalization with MFC

Portability makes your classes more appealing to other developers. Classes that you write as extensions of MFC should allow for Unicode and ANSI variants so that the code is easy to port to other platforms. By using TCHAR in your code, you have the flexibility of creating generic and Unicode-enabled builds with a few simple changes in the build definition.

MFC is also fully enabled for multibyte character sets (MBCS), specifically for double-byte character sets (DBCS). DBCS characters are composed of one or two bytes. Some ranges of bytes are set aside for use as "lead bytes." A lead byte specifies that it and the following "trail byte" comprise a single two-byte-wide character. You must keep track of which bytes are lead bytes. 

MBCS is a good alternative to Unicode, and we encourage you to also MBCS-enable classes you write as extensions to MFC. For more information on MBCS, see “Support for Multibyte Character Sets (MBCS)” in the Visual C++ Books Online.

If your classes contain strings that need to be localized (translated) because they appear in an interface, be sure to put the strings into your resource file rather than coding them elsewhere in an 
application. In your header and implementation files, use the functions in MFC that refer to localizable strings by ID number rather than, for example, supplying a caption as an argument in a function. 

6.6 Use Class CString for Manipulating Strings

Class CString is a robust, flexible and safe way to manipulate strings in your code. CString can store up to INT_MAX (2,145,483,647 in Win32) characters, and has a built-in memory allocation feature that allows the CString object to grow if necessary. A CString object can also behave like a literal C-style string, and can be substituted for character pointers in function calls. Although the CString class is not implemented as an MFC collection class, CString objects can be stored as elements of a collection. We recommend that you use CString in your MFC-friendly classes.

Using class CString for string return values in your classes instead of C-style strings gives you several advantages.

· CString objects can grow dynamically, but they behave like built-in primitive types and simple classes. By using CString objects as values, the string contents are copied when you assign one CString to another CString object. That is, each CString object has its own copy of the data.

· Beginning with MFC 3.0, you no longer have to write explicit cleanup code for CString objects following an exception. Under the C++ exception handling mechanism that MFC now uses, CString objects are cleaned up for you.

· Beginning with MFC 4.0, CString objects are reference counted so they use much less memory for string object. 

Class CString is both Unicode- and MBCS-enabled. By following the conventions outlined in the main article “Strings” and its sub-articles in Programming with MFC (found in MSDN), you can write CString object code that will automatically be handled correctly in either Unicode- or MBCS-enabled builds of your application. 

Make conversions between your own data types and class CString as easy as possible. Using a reference to a CString in parameters is often more convenient than using LPCTSTR. This is especially true if the parameter can contain embedded NUL characters, or if the function requires a separate length parameter. A good example for study is CDC::TextOut().
(
Use CString member function Format() for creating formatted text strings. This avoids the need to manually create buffers for temporary strings and makes your code much more robust. The C++ sprintf() and wsprintf() functions should not be used. If you really must print to a string, use _snprintf()  (or the corresponding TCHAR version) that checks for buffer overruns. 

Here is an example on how you would use CString::Format() to print to a string:

CString Text;

VERIFY( Text.LoadString(IDS_MY_NEAT_TEXT_FROM_RESOURCE) );

CString Message:

VERIFY( Message.Format(“Int value %u and string value %s”, 42, (LPCTSTR)Text) );

(
Since CString::Format() uses variable length argument list, you must use explicit type conversions for most (recommendation: for all) of it’s arguments as shown in previous example. None of the usual automatic type conversions (e.g. CString->LPTCSTR) will work with variable length argument lists!

6.7 How to create MFC extension DLLs and libraries

The most effective way to make the classes you write available to users is to create an MFC Extension Dynamic Link Library (DLL). Extension DLLs can be prepared in a variety of formats. For example, you can create versions that are Unicode-enabled or not, debug or retail, and so on.

The extension DLLs for MFC use the following naming conventions. The library names have the form

uEXTENSIONcWd.LIB

where the letters shown in italic lowercase are placeholders for specifiers whose meanings are shown in the following table:

	Specifier
	Values and Meanings

	u
	ANSI (N) or Unicode (U)

	EXTENSION
	Name of this extension. AFX for standard MFC libraries.

	c
	Type of program to create: C=EXE, D=USRDLL

	d
	Debug or Release: D=Debug; omit specifier for Release


Here are examples of how static versions of the MFC libraries are prepared and named: 

	Library
	Description

	NAFXCW.LIB
	Release version: Windows EXE

	NAFXCWD.LIB
	Debug version: Windows EXE (default)

	NAFXDWD.LIB
	Debug USRDLL version

	NAFXDW.LIB
	Release USRDLL version

	UAFXCWD.LIB
	Debug version: Windows EXE with Unicode support

	UAFXCW.LIB
	Release version: Windows EXE with Unicode support

	UAFXDW.LIB
	Release version: DLL with Unicode support

	UAFXDWD.LIB
	Debug version: DLL with Unicode support


We recommend that you prepare your MFC-friendly classes as an MFC Extension Dynamic Link Library (DLL) or as a static library (LIB) using a variation of the naming scheme described above.

The following table describes the macros that are used in the creation of MFC Extension DLLs;

	Macro Name
	Type of Macro

	_AFXDLL
	Stand-alone dynamic-link library (DLL) version

	_USRDLL
	Statically linked DLL version

	WINAPI
	Function provided by Windows


For more information on creating an MFC Extension DLL, see the article “DLLs: Building and Using an Extension DLL” in Programming with MFC in the Visual C++ Books Online.

The #pragma directives offer a way for a compiler to offer machine- or operating system-specific features while retaining overall compatibility with the C++ language. MFC uses the #pragma comment preprocessor directive in AFX.H to determine which version of the MFC library to link with an application when it is compiled.

You should use the same method to assist your users in determining which version of your MFC Extension DLL the compiler should use.

For example, the following code fragment from the AFX.H header file instructs the linker to link in either the NAFXCWD.LIB or NAFXCW.LIB version of MFC, depending on whether you are using the debug version of MFC:

#ifdef _UNICODE

  #ifdef _DEBUG

    #pragma comment(lib, "uafxcwd.lib")

  #else

    #pragma comment(lib, "uafxcw.lib")

  #endif

#else

  #ifdef _DEBUG

    #pragma comment(lib, "nafxcwd.lib")

  #else

    #pragma comment(lib, "nafxcw.lib")

  #endif

#endif...

For more information on the #pragma comment preprocessor directive, see chapter 2, “Pragma Directives” in the Preprocessor Reference and the article “Library Versions” in Programming with MFC, both found in the MSDN.

The extension DLL must follow generic other DLL/LIB naming conventions outlined elsewhere in this document.

7. Project organization

7.1 Generic file naming issues

The class should have a proper name, in accordance with the rules given in the chapter “Class naming” on page 3. The files should be named <class>.h and <class>.cpp without the leading ‘C’. E.g. the class CWCriticalSection is in the files WCriticalSection.h and WCriticalSection.h.

7.2 Application (EXE) file naming and project directory structure

File naming must be done by following guidelines:

	File
	Contents

	<APP>.cpp
	Main project file, contains application class methods and one and only application object (named as TheApp) that is declared as

  <CMyAppClassName> TheApp;

	<APP>.h
	Include file for <APP>.cpp. Contains line:

   extern <CMyAppClassName> TheApp;

	<APP>.rc
	AppStudio editable application resource file.

	Resource.h
	Symbolic names for resources defined in <APP.rc>, file is in AppStudio format.

	res\*.*
	Binary resources (icons, bitmaps, etc.) in AppStudio editable form.

	res\<APP>.rc2
	Non AppStudio edited resources.

	Mainfrm.h
	Application main frame window class declaration.

	Mainfrm.cpp
	Application main frame window class implementation.


NOTE! 
Text that is placed within brackets (<>) should be replaced with an application specific term, all other strings are literals.

7.3 DLL/LIB file naming and project directory structure

· Follow generic and application naming guidelines outlined above.

· Create the following directory structure to store files for each project:

[image: image1.png]Perkin §

precisely.




See the chapter “How to create MFC extension DLLs and libraries” starting at page 22 of this document for more information about naming conventions for MFC extension DLLs and libraries.

7.4 COM components and controls project directory structure

File naming must be done in accordance with the generic guidelines described above.

The files are organized in the following manner:
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7.5 Compiler and linker options to be used

All standard VC++ compiler settings created by AppWizard plus the following modifications should be used for applications and DLLs. Those modifications that are just recommendations are marked as “Recommendation:”, otherwise settings in this list MUST be followed as stated here. Those options that affect only 16- or 32-bit development have been marked in the following text as “16-bit:” or “32:-bit:” respectively.

Compiler:

· Warning level 4 for both debug and retail builds. Program must not generate any warnings during compile.

· Recommendation: Turn “Generate browser information” off (this settings is located in compiler “C/C++” settings “Listing files” category) if you are not using Browser. Browser information is used only by VC++ IDE object browser (started via “Tools/Source Browser”-command in VC++ 5.0). If you do not use this integrated object browser you can speed up compilation, linking and save at least a couple of megabytes disk space by not turning this option on.

· 32-bit compiler only:

· Optimize Release code for Pentium™ processor, debug code should be optimized to “Blend”-processor.

· All ‘Project Settings’ related paths should be given as relative paths, whenever possible (e.g. target dir should be given as Debug rather than as c:\myproj\sometarget\Debug).

· Generate PDB file debug information for also release mode LIB:s and DLL:s.

16-bit compiler only:

· Use large memory model for all projects.

· Optimize retail code for 368-processor, debug code should not be processor optimized.

Linker:

· Warning level 4 for both debug and retail builds. Program must not generate any warnings during compile.

8. Portability

8.1 Ranges and promotions

Occurrences of int, unsigned, and unsigned int indicate potential portability problems because size and range are not constant. Data that would not exceed its range in Win32 could exceed range in Windows 3.x. Sign extension also works differently, so exercise caution in performing bitwise manipulation of this data.

Source code that relies on wrapping often presents portability problems, and should be avoided. For example, a loop should not rely on an unsigned int variable wrapping at 65535 (the maximum value in Windows 3.x) back down to 0.

Size of the basic C data types in 16 and 32 bit applications

	16 bit Data Types
	32 bit Data Types

	Type
	Bits
	Range
	Bits
	Range

	Char
	8
	-128 to 127
	8
	-128 to 127

	Unsigned char
	8
	0 to 255
	8
	0 to 255

	Int
	16
	-32,768 to 32,767
	32
	-2,147,483,648 to 2,147,483,647

	Unsigned int
	16
	0 to 65,535
	32
	0 to 4,294,967,295

	Short
	16
	-32,768 to 32,676
	16
	-32,768 to 32,767

	Unsigned short
	16
	0 to 65,535
	16
	0 to 65,535

	Long
	32
	-2,147,483,648 to 2,147,483,647
	32
	-2,147,483,648 to 2,147,483,647

	Unsigned long
	32
	0 to 4,294,967,295
	32
	0 to 4,294,967,295

	Enum
	16
	-32,768 to 32,767
	16
	-32,768 to 32,767

	Float
	32
	3.4E +/- 38 (7 digits)
	32
	3.4E +/- 38 (7 digits)

	Double
	64
	1.7E +/- 308 (15 digits)
	64
	1.7E +/- 308 (15 digits)

	Long double
	80
	1.2E +/- 4932 (19 digits)
	80
	1.2E +/- 4932 (19 digits)


8.2 Memory and pointers

For old 16-bit code to be portable, source code must avoid any techniques that rely on the 16-bit segment:offset address structure, because all pointers are 32 bits in size under Win32 and use flat rather than segmented memory.

This difference in pointer structure is usually not a problem unless the code uses HIWORD, LOWORD, or similar macros to manipulate portions of the pointer.

For example, in Windows 3.x, memory is allocated to align on a segment boundary, which makes memory allocation functions return a pointer with an offset of 0x0000. The following code exploits this fact to run successfully under Windows 3.x:

ptr2 = ptr1 = malloc();                 // ptr2 = xxxx:0000

LOWORD( ptr2 ) = index * elementsize;   // Place offset of array element

                                        //   into ptr2 low word

Such code does not work properly under Win32. But standard pointer constructs, such as the following, always result in portable code:

ptr1 = malloc();            // Set ptr1 to start of memory block

ptr2 = ptr1[i];             // Place offset of array element

Here are some other guidelines for dealing with pointers:

· All pointers, including those that access the local heap, are 32 bits under Win32.

· Addresses never wrap in Win32, as they can with the low word in segmented addressing; for example, in Windows 3.x, an address can wrap from 1000:FFFF to 1000:0000.

· Structures that hold near pointers in Windows 3.x must be revised because all pointers are 32 bits in Win 32. This may affect code that uses constants to access structure members, and it may also affect alignment.

8.3 Structure alignment

Applications should generally align structure members at addresses that are "natural" for the data type and the processor involved. For example, a 4-byte data member should have an address that is a multiple of four.

This principle is especially important when you write code for porting to multiple processors. A misaligned 4-byte data member, which is on an address that is not a multiple of four, causes a performance penalty with an 80386 processor and a hardware exception with a MIPS® RISC processor. In the latter case, although the system handles the exception, the performance penalty is significantly greater. 

The following guidelines ensure proper alignment for processors targeted by Win32:

	Type
	Alignment

	char
	Align on byte boundaries

	short (16-bit)
	Align on even byte boundaries

	int and long (32-bit)
	Align on 32-bit boundaries

	float
	Align on 32-bit boundaries

	double
	Align on 64-bit boundaries

	Structures
	Largest alignment requirement of any member

	Unions
	Alignment requirement of the first member


The compiler automatically aligns data in accordance with these requirements, inserting padding in structures up to the limit (default pack size) specified by the /Zp option or #pragma pack. For example, /Zp2 permits up to 1 byte of padding, /Zp4 permits up to 3 bytes of padding, and so on. The default pack size for Windows 3.x is 2, whereas the default for Win32 is 8. As a consequence:

· If you have specified a packing limit with /Zp or #pragma pack, you may not get the proper alignment (the default value) for Win32. 

· The different default setting for Win32 can impact your source code by changing the offsets of some structure members. Examine your code closely to see whether you have hard-coded these offsets, or whether your code makes assumptions based on a certain default pack size. 

9. Appendix 1 - Variable naming

Standard class/type definition name prefixes are shown in the following table:

	Type prefix
	Data Type
	Example

	C
	Class or structure declaration
	CMyClass

	E
	Enumerated type declaration
	EUserTypes


Standard variable scope name prefixes are shown in the following table:

	Scope prefix
	Data Type
	Example

	<NoPrefix>
	Variable is local to method or function.
	nDataItem

	m_
	Object member data (in C++ OOP code) or module based variable (in traditional C-code)
	m_nDataItem

	g_
	Global data
	g_nDataItem

	s_
	Static data
	s_nDataItem


Standard variable type and usage name prefixes are shown in the following tables:

	Prefix1
	Description
	Example

	pfn
	Callback / function address
	pfnAbortProc

	p
	Pointer
	pObject

	r
	Reference
	rObject


	Prefix2
	Type (s)
	Description
	Example

	n
	char,

int
	Integer value 
(size dependent on operating system)
	nLength

	u
	BYTE,

UINT
	Unsigned integer value 
(size dependent on operating system)
	uUserLimit

	w
	WORD
	16-bit unsigned integer
	wCreditLimit

	l
	LONG
	32-bit signed integer
	lPhaserSetting

	dw
	DWORD
	32-bit unsigned integer
	dwVisitedStar

	qw
	QWORD
	64-bit unsigned integer
	qwWorldPopulation

	f
	Float
	Single precision 32-bit floating point number
	fCounts

	d
	Double
	Double precision 64-bit floating point number
	dCounts

	ld
	long double
	Quad precision 80-bit floating point number
	ldCounts

	ch
	char,

TCHAR
	8-bit or 16-bit character
	chInput

	b
	BOOL
	BOOL (int)
	bUserAbort

	sz
	char[] 
	String (array of chars) terminated by 0 byte
	szUserName

	e
	
	Variable of enumerated type
	eUserType

	c
	
	Count (base class integer). 
	cUsers

	h
	
	Handle to windows object
	hWnd

	x, y
	Int
	int (used as x-coordinate or y-coordinate). 

NOTE! Use of CPoint objects for coordinates is strongly recommended.
	xCursorPos

	cx, cy
	Int
	int (used as x or y length; the c stands for ”count").

NOTE! Use if CSize objects for size measurements is strongly recommended.
	cxClientArea


Prefixes should always be applied in top-down order:


<ScopePrefix><Prefix1><Prefix2><BaseName>

10. Appendix 2 - Code review rule set

CRVC01: Variables, types, classes and functions must have appropriate names.

See Chapter 2 in [SDG-Win32] and [SDG-VC++].

CRVC02: The program code must be formatted correctly.

See Chapter 3 in [SDG-Win32] and [SDG-VC++].

CRVC03: Files must be of an appropriate length. Usually there should only be one class per file.

See Chapter 3.1 in [SDG-VC++].

CRVC04: Every file must have an appropriate file header comment.

See Chapter 4.1 in [SDG-VC++].

CRVC05: Every function must begin with a brief function description comment (that is up to date).

See Chapter 4.1 in [SDG-Win32].

CRVC06: Code block separator comments should be used to divide program code into different functional code blocks.

See Chapter 4.2 in [SDG-VC++].

CRVC07: The code itself should be sufficiently commented.

See Chapter 4.1 in [SDG-Win32].

CRVC08: Code must not be commented out without an explanation comment.

CRVC09: Inline functions should be used instead of macros whenever possible.

See Chapter 5.1 in [SDG-VC++].

CRVC10: Functions should perform a well defined task and be of an appropriate length.

See Chapter 5.2.1 in [SDG-Win32].

CRVC11: Function parameters must be in the correct order and validated appropriately.

See Chapters 5.2.2 and 5.2.3 in [SDG-Win32].

CRVC12: Variables must be initialized and declared close to where they are used.

See Chapter 5.3 in [SDG-Win32].

CRVC13: There must be sufficient error handling in the code.

See Chapter 5.2.3 in [SDG-Win32] and Chapter 5.5 in [SDG-VC++].

CRVC14: Type casts should be avoided when possible. C++ style type casts should be used instead of plain C style casts.

See Chapter 5.4 in [SDG-Win32] and Chapter 5.6 in [SDG-VC++].

CRVC15: Class declarations should be formatted correctly.

See Chapter 6.1 in [SDG-VC++].

CRVC16: Public attributes must have accessor functions (Get/Set).

See Chapter 6.1.1.3 in [SDG-VC++].

CRVC17: Warning level 4 should be used. As few warnings as possible should be generated when compiling the code.

See Chapter 7.5 in [SDG-VC++].

CRVC18: The software must be compatible with the operating systems it should support. NuMega BoundsChecker Compliance Report provides a first quick check.

CRVC19: The software project must be organized correctly in Visual SourceSafe.

See Chapter 4.2 in [SDG-VSS].

CRVC20: The project must be possible to build after getting it from Visual SourceSafe. If this is not directly possible, there should be instructions in the project root in Visual SourceSafe on how to set up a build environment.

CRVC21: Every version (even the minor ones) should be labeled.

See Chapter 3.2.9 in [SDG-VSS].

CRVC22: The version info resource (where applicable) should be correct.
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