Design Practices You Need To Know

Every new module or class that you create gives you the opportunity to extend the abilities of and usefulness of the code base. To do this effectively, however, you must learn how to think ahead and design code with the goal of keeping it in use for many projects and many years.

Designing good code in any language that is either Object Oriented by nature (Java) or supports it (C++) is much harder than in a procedural language like C or PASCAL. The reason for this is that OOP languages enable you to create extremely complicated systems that can look at a glance quite simple. This is a mixed blessed as often you can end up in trouble without realising it. If however you design your software properly your work can be extremely efficient. With some small modifications you can create interesting adaptations of existing systems, but only if you have designed and programmed effectively from the beginning. Having this control over a body of code is excellent, making coding almost artistic. 

There is another side of the coin though. Another programmer may look at your code, your artistic masterpiece, in an entirely different light. Complex and intricate relationships inside a class hierarchy could be difficult or impossible to understand without your personal guidance. Documentation, often written in haste or tagged on as a afterthought is almost always inadequate and often misleading.

To help you avoid these design and programming pitfalls and to get you into good programming practice we are going to spend some time focusing on the issue of design.

The main issues/pitfalls can be summarised as follows:

· Avoid hidden code that performs non-trivial operations

· Keep your class hierarchies clear and simple

· Be aware of the difference between inheritance and containment

· Avoid abusing virtual functions

· Use interface classes and factories

· Separate user interface code from game logic

· Use stream constructors

Avoid hidden code that performs non-trivial operations

Copy constructors, operator overloads, and destructors are all party to the nasty hidden code problem that plague game developers. 

This kind of code is terrible unless it’s completely obvious. 

You should avoid copy constructors and operator overloads that perform non-trivial operations.

If something looks simple it should be simple and not something deceptive.

Any operation that is non-trivial should be called explicitly. 

There are exceptions to these rules however, such as when every operation on a particular class is comparatively expensive i.e. when you have a 4x4 matrix class. 
Keep your class hierarchies clear and simple
A big mistake that game programmers make is that they either over or under-design their classes and class hierarchies. Getting the class structure just right takes some real practice. 

Be aware of the difference between inheritance and containment

Inheritance is used when an object is derived from another object or when a child object is a version of the parent object.

Containment is used when an object is composed of multiple discrete components, or when a aggregate object has a version of the contained object. 

An example of this relationship is found in user interface code. A screen class may have the methods and data to contain multiple controls such as buttons and check boxes. The classes that implement buttons and check boxes probably inherit from a based control class.

When you make a choice about inheritance or containment your goal is to communicate a message to other programmers. 

Avoid abusing virtual functions

Virtual functions are powerful tools that are abused by many programmers. Programmers often create virtual functions when they don’t need them or they create long chains of overloaded virtual functions that make it difficult to maintain the base class.

Often changing a virtual function in a base class in these circumstances can result in a hard to detect logical error.

When to use or not to use a virtual function in a child class: An overloaded virtual function changes the behaviour of an object and gains control over whether to invoke the original behaviour. If the new object doesn’t invoke the original function at all then the object is essentially different from the original, whilst telling other programmers it is just an extension of the original. If you have a different object, make a different object. Consider containing rather than inheriting. It is much clearer in the code if you explicitly refer to a method attached to a contained object rather than calling a virtual function.

Use interface classes and factories

Interface classes are those that contain nothing but pure virtual functions.

Example:

class IAnimation

{

public:


virtual void VAdvance(const int deltaMilliseconds) = 0;


virtual bool const VAtEnd() = 0;


virtual int const VGetPosition() const = 0;

};

This simple interface defines simple behaviour common for a timed animation. We could add other methods such as one to tell how long the animation would run or whether it loops – that’s up to what you want it to do.

The aim is that any system that contains a list of object inheriting and implementing the IAnimation interface can animate them with a few lines of code:

for(Animation::iterator itr = animList.begin(); itr != animList.end(); ++itr)

{


(*itr).VAdvance( delta );

}
Interface classes are a great way to enforce design standards. A programmer writing engine code can create systems that expect a certain interface. Any programmer creating objects that inherit from and implement the interface can be confidant the object will work with the engine.

Separate user interface code from game logic

This works on a similar paradigm to the MFC Document/View architecture. The Document is a model for data; the View is a model for the user interface. The View class doesn’t have direct access to the raw bits of data in the Document. Instead, the View class makes a request to change the data in the Document by calling the methods in the Document class’ definition. 

This paradigm, separating user interface from game logic if carried out correctly, brings about a few benefits:

It enables you to easily define proxy classes that can send your requests to modify data that exists on a server rather than a local machine.

You can define AI classes that conform to the user interface API and these AI shouldn’t be able to “cheat” because they can only see the information they are supposed to see.

You gain the ability to freely swap AI/human players.

It separates your very portable game from your not so portable user interface and display code – useful if writing games for multiple platforms.

Use stream constructors

Any persistent object in a game should implement and overloaded constructor that takes a stream object as a parameter. If the game is loaded from a file, objects can use the stream as a source of parameters.

class AnimationPath

{

public:


// Build a path from a set of path points


AnimationPath(std::vector<AnimationPathPoint> const & srcPath);

// ...or construct it from a stream

AnimationPath(InputStream & stream);

// Lots more code to follow...

};

This enables you greater flexibility as the stream constructor can be used to create the object from a save game file or a network communications stream.
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