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1. Introduction


In the early 1970’s when first video games began to appear, they were very simple and programmed on rather primitive computers. Video games began to develop at the same pace as the High Level languages and amongst some of the first programming languages used for video games were Assembly language, FORTRAN and BASIC
. Such programming languages allowed for limited capabilities of games and the code was hard to read.

With the development of successful games like “Pong” and “Tetris” video game industry charted its beginning3. Higher demand for video games produced higher expectations from video game developers. It was customary to expect the newly released games to impress the consumer with some innovative aspect. As a result, evolution in High Level languages began to take place and languages like C/C++, Java, and Python were invented1. With the coming of these languages games began to become more and more sophisticated advancing at an increasing rate and were offering new and ground-breaking features like: Artificial Intelligence (AI), vast world environment, stunning visuals, and complex game play.
Currently, video game industry’s standard is C++ language, as it offers great abilities to create modern video games. Along with C++, DirectX has become the most used Application Program Interface (API) for video game development1. However, with the ever improving programming languages video games will become more advanced and provide interesting features for the video game fans.

One of the most innovative languages in the computer science field is C# (pronounced see-sharp) and comes from the Microsoft team. C# was developed to replace its predecessor C++. C# incorporates most of the features that C++ provided and it also includes many benefits that Java programming language has. The most significant feature of C# is the support of Microsoft’s .NET framework. The framework offers tons of useful benefits and features that make C# an incredibly advanced High Level language2. Because of all of this, many game developers may make the switch from C++ to C#. Benefits of C# and .NET provide benefits such as easily manageable code, lots of built in functions, support for DirectX and many others7.

The knowledge of programming games with C#, does not only open up career opportunities in the billion dollar video game industry, but also expands the knowledge of important ideas behind computer programming
. Experience with game programming allows understanding of AI, advanced data structures, memory storage, graphics, algorithms, and further advanced programming subjects8. Most modern games are very advanced and utilize some of the most advanced topics in programming. Such games take many years to develop, have a multi-million dollar budget, employ a large team of programmers and designers, and consist of millions of lines of code2. However, in order to learn the more complex elements of C# programming and create modern type games, a beginner programmer must learn the simple basics7. That is why programmers should begin with easy games and progress to more complicated ones. Object-Oriented (OO) programming also becomes an important subject, when it comes to video game development. Video games are heavily based on objects and it would be extremely hard to program modern games in non-Object-Oriented languages. Since C# is strictly OO language, and it contains many pre-built functions, it emerges as the game programming language of the future7.

This document will introduce fundamental knowledge about game programming using C#. The reader will be familiarized with the basics behind creating a game and how C# and .NET make learning game programming fun and painless experience. Some previous knowledge of C++ or Java programming is required for understanding the jargons further used. Understanding the basics of video games will set the programmer on the path to creating more advanced games with interesting features. Nevertheless, in the beginning it is crucial to understand the main concepts of C# and how it can be utilized to create video games.
2. Background


Within the last thirty five years, game development has changed drastically. Video games have evolved from being very simple in the early days to incredibly complex games of today. The complexity of modern video games directly relates to the simplicity of the High Level programming languages. Such languages are becoming less complicated and are allowing programmers to develop software with ease. To understand this game programming evolution, developers need to look back to the history.
2.1 History of Video Games


The first concept of a video game was born in 1968 when the first video game was patented. Ralph Baer and his team developed a simple table tennis game
. In the years to follow many more games followed, games like Spacewar and Computer Space. Such games were very basic, hard to control, and did not attract much attention. It was in 1971, that video game boom began. Many significant things happened during this year: the release of the very first home video game console Odyssey, the establishment of well-known video game company called Atari, and the birth of infamous game Pong3. All of these events drew attention of many programmers to video games. During the 70’s the interest in new technology created competition amongst various video game developers, and a few more consoles were released. Games like Pac-Man, Donkey Kong, and Space Invaders appeared in the arcades. At this point arcades were the most popular way to play video games3.

A significant event in video game history was the release of Nintendo Entertainment System (NES) in 19863, which took gaming to a new level. NES was surprising affordable and offered a large library of innovative and challenging games. Another big video game company, SEGA, struggled for competition with Nintendo and this caused video games to develop further. By the late 80’s and early 90’s everyone was familiar with video games. Game companies were introducing new consoles that could handle more features. In 1995 first 3D console named Playstation was released by Sony3. At about the same time, 3D computer games began appearing on the market. 3D games achieved huge success and appealed not only to children, but adults alike. Video games became very complex and rather challenging. The market for consoles and games grew at an enormous rate. The industry quickly became multi-billion over these two decades2.
The new century saw further expansion of video games. The release of Sony’s next generation console (Playstation 2), which was released in 2000, marked a new era in video game industry3. Games were becoming ridiculously advanced. They were comparable to reality in graphics, were addicting like books, and involved complex storylines. In 2001, Microsoft released its first console called the Xbox3. Sony and Microsoft still remain the biggest rivals in the modern video game industry, which outgrew all other entertainment industries. There are numerous video game developing companies that make millions of dollars on successful games. Video games outsell box-office movies on release days. Competition is everywhere and companies struggle to create innovative features that would impress the consumers2. Today it seems that the innovation factor has hit the roof, and original gameplays have become seldom. However, as the new consoles are expected to be released, the future holds further advancement of video games.
2.2 From Assembly to C#


Most of the early video games were programmed using the assembly language of the computer1. It was the low-level language that simplified the way programs were written. Since the games were very simple, the programmers were able to achieve small and quick games. As the games grew in size and complexity, assembly language programming was not enough to do the job. The code became too long, and was hard to maintain and debug. So the programmers turned to the High Level languages. BASIC, FORTRAN and Pascal allowed for easier code management, and programmers began looking away from assembly programming1. 

Programming language called C was designed in the late 1960’s, and was a welcome change to the assembly programming1. C provided opportunity for programming complex games because it allowed teams of developers to work on one game and share code amongst different teams. In the 1980’s, programming companies were slowly switching to C, yet still utilized some aspects of assembly language. First game that showed the true potential of High Level languages was Doom, released in 19931. Doom offered great graphics and intriguing gameplay. Nevertheless, such sophisticated games in C were consisted of large files of code which made managing quite difficult. Programmers looked to other alternatives.

With the coming of C++ and Java, video game development became much more efficient. Such new languages allowed for Object Oriented programming, which in turn proved to be a valuable characteristic in video games. C++ appealed to many developing companies and in the 1990’s they began making the switch. By 1996 C++ became the mainstream game programming language1. Development of graphics engines played a crucial role in video game evolution. Direct3D and OpenGL allowed for designers to create amazing new game objects and characters. Yet even C++ is getting old and outdated as there are new languages coming to the horizon. C# is an example of an innovative language that has a potential of becoming the next industry standard for video game programming7.
2.3 The Story of C#


The C# programming language was developed in the late 90’s by the Microsoft team. It was a part of Microsoft’s initiative for the .NET framework and was meant to replace its predecessor C++. C# was also a competitor to Java language as it incorporated ideas from both C++ and Java. In 2002 C# was widely introduced with the release of Visual Studio .NET, which was a new powerful programming software
. From then on, programmers recognized the power that C# provided. Visual Studio .NET and C# provided sophisticated programming environment which offered easy code management, Object-Oriented programming, straightforward Windows application programming and many other useful abilities
. Since most modern video games are programmed in Windows, C# is beginning to attract attention of various game developing companies.

Today C# along with the .NET framework, offers a great amount of useful libraries as well as comfortable integrated development environment. It is still a fairly new language and many programmers are unfamiliar with it. However, C# has an ability to simplify the process of complex game programming. With time as C# continues to prove that it is the best new High Level language available today, video game development companies will switch over to C#.
3. Basics of a Video Game


Programming a video game can be a long and difficult task. Before beginning to write any actual code, game programmers have to learn about the basics behind a video game. Most importantly game developers have to sketch out a plan or a design of a game that they wish to create9. Once design is decided on, next task is to decide the characters and objects within the game. This is where Object-Oriented programming comes in. OO programming is a huge aspect of modern video games, as it allows for easy code management and feature implementation. The developers also must decide which programming resources they will be using for their new game. Accordingly they choose the Integrated Development Environment (IDE), graphics engine, sound system, and any other necessary software9. Once all these things are decided on then the actual developing of a video game can begin.
3.1 Game Design


Before any video game is created there is always an idea about that game. Usually game creator will imagine characters, monsters, and various objects in an imaginary world and think of some principle of playing the game. In order to organize all of the ideas, designers will write them down on paper and further develop the game plan. There are special design documents that are used to lay out all of the game specifics. Design documents are used to write down the major characters of the game, short story of the game, gameplay ideas, objectives, and as well technical details like graphics, controls, and sound
. The genre of the game should be decided in this stage of development, because it will be easier to decide how to actually program the game.

Next the designers begin the process of illustrating the world and the characters on paper. They sketch out what different people, monsters, items, buildings, cities, and so on, suppose to look like. Then they create a story line and think about how various events happen in the game. This process is very important because it sets up the scheme for the actual coding. During this process developers might also think about the name of the game and who the game will be targeted towards. However, these details tend to change as the game development progresses.
3.3 Object-Oriented Programming


The subject of Object-Oriented programming is quite interesting and essential for game programmers. Since every single thing in a game is basically an object and it can be represented as such in C#. Games are basically simulations of some real or virtual world and OO programming allows for representation of a game world similar to these worlds9. It also becomes easier to manage and understand the code for programmers. With OO programming games are organized in a tightly knit structure which allows for faster compilation and execution times.

It is best to write out all of the objects and characters the game is going to contain. Then the objects can be sorted by their characteristics. People can be categorized in one group, while animals in another and items get their own group6. Depending on the game the amount of objects can be numerous and it becomes important to keep track of them and organize them before the actual coding. This allows for early determination of which objects will be sharing characteristics like life, name, and abilities. When programming begins, developers will be able to construct the game so that similar objects can share data, which allows for cleaner looking code. Another benefit of OO programming is that the code can be reused for games that are similar, because the classes for the objects were already set up and they can be modified without difficulty6.
3.2 The Set Up


When developing a video game it is absolutely necessary to decide ahead of time what software tools will be used. In case of C#, there are two widely known IDEs, which are Visual Studio .NET and SharpDevelop7. These modern IDEs include advanced text editor, compiler, and can be used with various Software Development Kits (SDK)5. Visual Studio is Microsoft’s official development environment and costs money to use, on the other hand, SharpDevelop is open source and is free to use. However, SharpDevelop does not offer some of the neat features Visual Studio does. Still open source is becoming increasingly popular and free is always good. Since money can be a problematic subject to beginner programmers, for future reference SharpDevelop will be used in this document. Microsoft Windows will also be assumed to be used as an operating system, since most commercial video games are programmed under Windows.
Upon choosing the IDE, it is necessary to ensure that the current .NET framework and .NET SDK are installed on the computer. These components are needed to ensure that C# works properly and they can be downloaded free of charge from Microsoft’s website5. Once these things are installed on the machine it is necessary to add Application Program Interface (API), which is used for creating and managing graphics, sound, and various multimedia aspects. DirectX is a great API developed by Microsoft and is the most commonly used interface in video game industry5. For advanced games, 3D designing software as well as music programs are used. However, for a simple video game DirectX contains everything that might be needed.

Once all the necessary tools and software are gathered and installed, the actual programming may begin. The project is used to open up the necessary files for the game and begin programming. In the case of SharpDevelop such a project is called a Combine, which simply means it combines necessary files to run a program. A new Combine will add all the files that are required for generic windows application. This Combine can be modified to fit game programming needs7. This is where game programmers commence writing the code which will determine the video game.
4. Concepts of Game Programming


While it may seem like the programming of the game is the next step in the development process, it is very important the programmers understand the main concepts of game programming. First the developers need to understand how to prepare the project, by setting up the necessary environment and adding necessary libraries. Next they must know how a game works and understand how to efficiently program it. This is where the skeleton of a game is debated and established. The skeleton or framework can later be interpreted as a game engine, which basically is a program code that performs video game specific tasks9. During the debate about the skeleton code, developers must cover all of the ideas of what the game will be consisted of. Therefore, before beginning coding, like a code monkey, the programmers must understand how exactly to write that code.
4.1 Preparing the Project


Preparing the project or in this case Combine, consists of gathering appropriate libraries, setting up main classes and building the general game skeleton. The necessary libraries that are usually added are various System, DirectX, Drawing, and other libraries. In a case of a simple video game generally the following system libraries are needed: System.Collections, System.ComponentModel, System.Drawing, and System.Windows.Forms7. These are the fundamental libraries for windows applications programming. Depending on an application’s needs, additional libraries may be added. The video game specific DirectX libraries must also be added to the Combine project and these are: Microsoft.DirectX.Direct3D, Microsoft.DirectX.DirectSound, and Microsof.DirectX.DirectInput7. These libraries take care of graphics, sound, and user input functions and abilities. SharpDevelop makes it easy to add all of these libraries to a project and it also sets up a basic skeleton for an application. However, it is necessary to modify this generic skeleton to fit the needs for programming a game.
4.2 Game Objects as Classes


As discussed before, objects are the essential blocks of video games. There can be many objects in a game or a program. These objects are created with the help of classes. Classes can be thought of like factories that produce objects4. In the design part of game development, objects are categorized by similar characteristics. This is done in order to create classes that will handle all of the related classes. For example, there can be an animal class, which is the general class that contains data related for all animals. From here programmers can add additional classes that inherit such related data and then have additional data that only relates to that kind of animal9. These are basic understandings of Object-Oriented programming and programmers must obtain such knowledge before attempting to program.

While setting up the skeleton or framework for a game, developers create empty classes that contain data and functions associated with the class. Usually during this stage the functions in the framework are blank, to be later filled in during the coding process. Declaring all of the classes and their characteristics is an important portion of preparing the framework, because it allows for cleanliness and readability of the code7. This way, when coding, programmers can quickly add or modify any functions that do not work properly. Data can also be manipulated easier if classes are established early on in the programming stage.

Classes do not only define playable or animated objects, but almost anything that can be interacted with in any way. Classes can keep track of any hidden information that is not presented on screen during the game, or compute certain algorithms that transpire in the background. Any jobs that are performed on a specific data or devices can be organized into classes7. Generally a video game engines will already have conventional classes for particular video game genre. Since same game engines can be used by different companies at different times, it is very important to develop classes such that they can be as adjustable as possible, yet provide no redundant code6.
4.3 Main Game Loop


The core mechanism behind every video game is the Game Loop7. This is the function that calls many other functions that do game specific tasks. It is called The Main Game Loop, because it executes until the termination of the game. In this loop, procedures like rendering the current screen or gathering input from a device take place. The loop also keeps track of which state the game is in, meaning if it is in introduction, on pause, playing, or in options menu. Such loops are implemented into game engines, but are nearly always modified to fit the game criteria. This is what a game loop might look like in C#
:
	public void Run() {

    GameStateChange result = null;

    // loop while state is valid

    while( state != null ) {

    // render the current scene

      state.Render();

    // only process input while focused

      if( this.Focused == true )

            state.ProcessInput();     

    // process a frame of animation

      result = state.ProcessFrame();

    // change the state if change is  requested

      if( result != null )

             StateChange( result );

      // handle all events

      Application.DoEvents();        }
}


As can be seen, this function will run the main game loop until the state of the game is changed (pause or quit). The loop continuously renders the current game scene, then gathers user input information and processes the frame to the output device. The state of the game is checked to make sure it hasn’t been changed and afterwards the DoEvents function handles any events that have happened in a game. These events could be moving of a character, interacting with an object or simply no action at all has been taken7. Such is a very basic example of how a Main Game Loop might progress a video game.
4.4 Movement and Collision Detection


One of the most important topics in a beginning level video game programming is movement and collision detection. Lots of programmers neglect collision detection early on and end up encountering tons of problems later on in the programming stage9. The truth is, objects are constantly moving in any animated video game and they are restricted to their virtual world. In many games separate entities interact with each other by colliding, bumping or touching. If improperly integrated, collision detection will cause objects to morph together or even ignore boundaries that are not meant to be crossed9. This can illustrate poor development practice and improper perception of key programming concepts.

Since any interactive game consists of user moving some object on the screen, proper movement techniques are essential video game topics. Game developers have to spend some time on deciding how exactly things are going to advance in their virtual world. Next the algorithms for moving around the game world are designed and later on are programmed. Movement algorithms can be quite complex since in modern games movement is three dimensional9. On top of that depth perception needs to be taken into consideration when discussing movement. On the other hand, for beginner programmers, movement is usually two dimensional and is implemented quite easily, since a 2D world can be represented as a large chess board. Still, the subjects of movement and collision remain to be vital and must be regarded with care by video game programmers of all levels.
5. The Code behind a Video Game


Design and preparation of a video game is necessary and must be done before programming begins. It is all fun and games until monkeys begin to punch out lines and lines of code. Yet, this is the part where game is built and very often redefined. Sometimes original ideas are too difficult to be realized in the coding process and some changes must be made6. To incorporate the design into hard code, the programmer must know the many abilities that C# presents to them. With the help of such abilities the programming can go quite smooth. C# is indeed an amazing language that offers a lot of possibilities when programming games. During the process of coding different parts of the game, developers utilize features of Object-Oriented programming as well as specific features only C# provides. Programming code can be very tedious and requires maximum attention to even the slightest of errors. It is best to develop separate parts of the game and compile them as they grow.  In this way programmers can employ simpler problem solving techniques. If C# is an unfamiliar language to a programmer, they must refer to the manual or documentation on how to work with a specific feature or a library. Most of the essential game programming capabilities of C# will be discussed in this section.
5.1 Idea of Namespaces, Classes and Interfaces


Object-Oriented programming established itself as key practice in video game world. C# being one of the OO programming languages offers tons of standard as well as some innovative resources. Namespaces are one of the relatively new inventions in programming that can be implemented in C#7. They are very useful in game development, especially when several teams are working on one game. Namespaces eliminate name overlapping, which happens when classes or functions with same name exist in the same program code7. Basically organization of code advanced to the next level with the creating of namespaces. Namespaces should be used when programming large games in C#, because this way functions can be used from DirectX libraries that have same names. To generalize, programmers can think of namespaces as big cities in which many classes, interfaces and other code structures live7. 

Programmers need to pay especial attention to the way classes are being constructed. A class packages functions and data that are associated with each other4. Parent classes are usually the largest and contain data that is inherited by smaller, more specific classes. It is up to the programmer to decide which entities in a game get their own class. If main characters and enemies are of the same type and posses similar abilities it might be a good idea to create one general class for them9. In a simple space shooter game, where player spaceship tries to shoot enemy spaceships before they destroy the player, there is one spaceship class for both user and enemy spaceships. That is because all spaceships behave alike and have same properties (data)7. However, in such a game there might be other objects like meteors or even bonus items like power-ups, and they would each get their own separate class. As the games get more complex different rules apply for class creation, yet, programmers can always draw upon the basics.

Game developers employ other code structures, one of which is interfaces. Interfaces generally look like classes, but cannot hold any data or function definitions7. They basically just contain the declarations for data and functions. This is a useful concept that allows class data to be declared and then later it must be defined by child classes. For example, all the spaceships do damage when they shoot and hit a target, but the amount of the damage might be different depending on the ship type. An interface will declare the damage variable, but later each class that inherits from the interface will define its own damage amount7. This is just a basic overview how interfaces can make the code more organized and accurate.
5.2 Data and Data Collections


In video games as in any programs constant data computation is happening. Data always needs to be accessed, stored or computed. There are many ways these manipulations can be done in C#. Data storage and access is very important in game programming, as it determines how fast a game executes. It is important to incorporate various data collections like arrays, lists, stacks and queues to store information. Most common collections used are arrays, as they are the simplest form and are easy to use7. However, there are situations where simple arrays can’t do the job, so programmers turn to stacks and queues. The data in such collections is often searched and sorted. This is why data and algorithms are tightly related, because algorithms usually perform some manipulations on the data8.

The way data relates to classes in video games is the same way physical attributes relate to objects in real world. Spaceships energy points and fuel resources can be represented as data. Data can also determine how much damage a certain projectile or a missile afflicts7. Such data would be nested inside of a class and when each object is created it would be specific to each separate object. Generally for a simple game data will range from integer (int) to floating point (float) types. But for complex games programmer defined data, like enumerations are widely used7.

Almost every game out there has an ability to save the current progress of the player. To save the progress writing to a file is the way to do it7. Writing to a file must be carefully done, to make sure no corrupt data has been written. Usually current states of objects and position in the virtual world are recorded, so when a player decides to load up the game, the objects and important data can be retrieved from the file. To write to a file streams are used7, which is a general subject of programming and most beginner game programmers have a somewhat of understanding of how to read and write from a file.

Data collections can be described as the in-game storage devices. They simply keep track of massive amounts of objects and data that are created during gameplay. All of the spaceships that are produced in a space type game can be inserted into an array7. In doing so, programmers can manage all the spaceship objects with more easy. When a spaceship is created it can be inserted into the array, and the array index will tell when the spaceship was created. When a spaceship is destroyed, boolean data will notify the program that the ship is inactive. In case of power-ups, programmers can create a queue of randomized power-ups, so they can be accessed accordingly7. There are tons of examples on how data collections are essential to game programming, and each developing team will have their own preference on using these useful concepts.
5.3 Algorithms


The main uses of algorithms in video game programming vary depending on game needs. Algorithms can sort and compress data, do diverse calculations, and handle pathfinding8. Algorithms range from fairly simple to quite complex. In computer science field the Big-O notation is used to define the complexity of an algorithmic function8. This subject is based heavily on mathematics and is studied very carefully by scientists. For game programmers, only the simple algorithms apply and only for the game specific needs.

As explained before algorithms and data are closely connected. Sorting and searching for specific data in a collection can be somewhat difficult. Special algorithms are designed to make things easier for game programmers. Such algorithms are called sort algorithms8. There are many varieties of sort algorithms, like bubble, binary, quick and other sorts. The most commonly used sort in game programming is the quick-sort, because it is the fastest and most efficient in video games. Quick-sort is able to access a data collection and find a specific instance that a program is trying to locate8. Such a way certain spaceship or a power-up can be located and some handling of it can further occur.

Data compression is required in order to fit large amounts of information on relatively small storage devices. It is also useful to transfer data quickly between hardware devices and then unpack the data once it has arrived. Many variations of data compression algorithms exist. Run Length Encoding (RLE) is the most common algorithm.
 What it basically does is keep track of data occurrences rather than the actual data itself. Since data occurs many times in a program, RLE tends to decrease the amount of information being stored. Of course a decompression algorithm must also be written, so the data that was compressed can be read and restored to its previous state. RLE has its drawbacks as well, and programmers may turn to other algorithms like Huffman encoding, which is a more complex compression algorithm8. Depending on the games size and needs, it is up to the developers to decide which compression algorithm to use. Data compression is mostly needed for difficult, advanced games, and most simple games will not require data compression.


 Algorithms that are designed for pathfinding directly relate with Artificial Intelligence. Pathfinding is utilized to find the shortest path between objects in a game world8. Most of games feature enemies that attack the player. Programs themselves do not know how to efficiently get to the player. So programmers implement algorithms correlating to the way things move in the virtual game universe. Subject of pathfinding becomes more difficult when dealing with collision detection, because most game worlds will have obstacles that objects can’t go through8. All this must be realized and efficiently programmed in order to achieve smart AI. Depending on the behavior of the enemies or other computer controlled objects pathfinding algorithms will differ from one game to another.  There is no standard way of programming these algorithms and it becomes up to the programmer to produce the code that works for them.
5.4 Error Handling


Programmers of all levels know that errors are bound to happen when programming just about anything. It is more so in games, because the code does tend to get quite large and it is important to ensure every feature in a game works the way it is meant to. Error handling in games is done via exceptions. Exceptions catch errors that may occur in a program and are the most efficient way to handle errors7. C# just like java offers try and catch blocks that detect if an error has occurred and print out an error message.

In video games many things can go wrong: from running out of memory to failing of hardware and it is important to detect such errors7. Even though, some of these things might never happen, game program still must be able to catch the error when it happens. For example when the game initialized the graphics or sound engine, some unforeseen problem may occur. The code to handle this might look like this7:
	       try{

             StartGraphicsEngine();

             SetResolution();

             StartSoundEngine();

        }

        catch{

              // print error message

         }


The above code demonstrates that a program will try to accomplish some task and if the task cannot be done it will throw an exception telling the system that an error has occurred. It allows for programmers to catch these exceptions and define their own error message7. This way the programmers can identify where exactly the error has occurred and refer to that point. This also applies to debugging a game, where custom messages are inserted to test for various game situations.
5.5 Artificial Intelligence


Artificial Intelligence is by far the hardest concept to implement in game programming. Entire game’s success depends on how well the AI is behaving9. AI is what controls the enemies and Non-Playable Characters (NPCs) in video games. The idea behind computer character control is mimicking intelligent mind process. For beginning game programming, some basic knowledge of how to implement AI is necessary to make the games more engaging and challenging.

The simplest form of AI programming is called deterministic or information-based9. It basically arrives at conclusions by following a series of informative questions and answers. Such AI is simple and predictable, but can provide for fun games. Algorithms for deterministic AI can be written based on the objects purpose and how it will react to a certain happening. This logic can be illustrated in a tree based diagram.
	Spot Enemy


|

	Enemy Alone?


                         Yes /                    \ No

	Attack Enemy
	Call for Back Up


Such simple models can be implemented as algorithms consisted of if-then and switch statements to indicate the computers decision depending on the situation. The code can get quite tedious because depending on the game genre, such statements could be numerous. This is called the Behavioral AI which controls the behavior of non-playable objects. There is also a Roaming AI concept, which applied to how the program moves the objects around the game world and how they come in contact with the player’s character9.

It is always a good idea to start with deterministic AI, and if need be it can be modified to reflect more of a realistic thought process. For the example space shooter game no AI is necessary. However, it would be more challenging if the enemy spaceships knew which weapon was most efficient against a certain energy shield. This way the enemy ships would make a smart decision and switch to a weapon that deals the most damage. With further development of the game, enemy spaceships could even chase the player around the screen or try to grab the power-ups before the player could. This just demonstrates that AI can be constantly improved and as games get more complex, so do the AI algorithms.
6. Graphics


Even though a game doesn’t have to have stunning graphics to be fun, it is a tradition to accompany fun gameplay with good graphics9. It is sometimes essential that the designed graphics can be supported by most modern hardware, so that everyone can enjoy the game. Therefore, standardized graphical engines are used to create graphics for video games. Amongst some of the more popular of them are DirectX and OpenGL. DirectX is more common in modern games and works great with C#7. DirectX platform offers great amount of libraries and other resources to produce and manage visuals5. It is quite simple to set up DirectX support in a SharpDevelop project by adding references. Once the project is set up and the needed references are added, the graphics creation can begin. 
6.1 What is DirectX?


DirectX is an application program interface designed by Microsoft to create and manage graphics, as well as other multimedia effects and has become the video game industry standard5. DirectX consists of many supporting libraries, which are divided in major components. For sound and music, libraries of DirectSound component are used. DirectInput handles the ability to interact with games. The core component of DirectX is called Direct3D and it handles 3D graphics as well as 2D7. Overall, DirectX provides all the game specific needs that programmers may ever require.
6.2 Direct3D and its Device Class


Direct3D is the largest component of DirectX and to no surprise, because it deals with major part of video games, which is graphics. Direct3D represents the hardware device on which graphics are rendered, usually the video card. In this way, programmers can configure the game settings to work with most modern video cards, making the graphics universal. It has become quite easy to set up Direct3D and get the devices to work properly7. The Direct3D.Device class is enormous and contains tons of functions for graphics. It contains anything that ever could be configured for a video card. Most of the functions aren’t even used in modern game programming, yet if need be they are there. For most games it is only necessary to set up the rendering and managing devices as well as swap buffers7. Once that is done, actual fun drawing and animation process can begin.
6.3 Using Direct3D to Draw and Render Visuals


To understand how drawing works in Direct3D programmers have to think geometrically. Since triangle is a simplest geometric shape that has an area, it can be used to draw just about any other shape. That is all Direct3D does, it draws triangles, of course they range in size and are usually drawn in hundreds and thousands. To draw a triangle three vertices are needed and Direct3D offers nice functions to define, draw, fill and even texture triangles7.

To create complex geometric figures Direct3D offers triangle lists where numerous triangles can be kept track of that form some figure. These triangles can be colored and many color palettes are offered for programmer’s choice. If colors are not satisfactory, programmers can load their own pictures to put textures on the geometric shapes.  There are other aspects like alpha blending and translucency blending that can be applied to the objects that programmers create7. Direct3D offers a variety of abilities to play around with graphics.


There is one more important aspect that must be explained about graphics drawing and it is buffer swapping. The idea is to eliminate flickering and make displaying graphics more efficient. So developers thought of an idea to keep two buffers a front buffer and a back buffer7. Now the graphics are drawn on the back buffer, as data would be stored in an array of some sort. Then when the data is ready to be presented on the screen, the back buffer would get switched out with the front buffer. The front buffer would now become the back buffer and data would be written to it again, to be switched out when ready to present to the screen. This technique works great in Direct3D as it predefines and sets up the buffers for the programmer7. Direct3D and C# make it very easy to produce simple graphics and all it takes is a little experience and willingness to play around with all the functions.
6.4 Sprites are Magical


The drawing techniques discussed earlier provide the bare bone essentials used in graphics. However, it is quite a mess to deal with all the details of passing arguments to draw things. Direrct3D provides a nice Sprite class, which handles all the drawing information for the programmer7. It basically just cuts down on the code that would be written. A sprite can be thought of as an animated object on the screen. Through sprites it is much easier to have animated objects interact with each other, because sprites provide for collision detection and animation9. And the information passed into the sprite class is a lot less than if programmers attempted to animate things without sprites. As if that wasn’t enough, programmers can design their own sprite class that fits their needs and models after the master Direct3D.Sprite class7. All of these neat features that C# and DirectX make available, make animating objects a fun and exciting experience.
7. User Input


No matter how stunning the graphics look and how amazing the gameplay looks, the game wouldn’t be worth a dime if players could not interact with it. User interaction usually comes from either keyboard, mouse, or joystick. For computer games keyboards and mice are most common user input devices, so most programmers concentrate on efficiency and comfort of these two devices
. In SharpDevelop, .NET framework offers libraries that check to see if a keyboard or a mouse button is pressed down. While for some application programs this method may work, it is too slow for games9. That is why programmers looked elsewhere to find a solution and found DirectX.
7.1 DirectInput Makes Input Easy


A whole section of DirectX is dedicated to make input fast and responsive, and is called DirectInput. DirectIntput handles devices like mouse, keyboard and joystick, if there is any7. Once again a device class is used, only this time it comes from DirectInput part and has functions related to user interaction. The class can be defined as a keyboard or mouse type. Once the class is created the code must check if the device that is being declared actually exists on the system. This ensures that the program isn’t using a keyboard or a mouse that isn’t plugged into the computer7. Once all the trivial stuff is taken care of, all the fun input functions are ready to be used.
7.2 Implementation of Input Devices

One way to gather user input is to receive Windows system messages, to notify a program that a key is being pressed or released. This is quite easy because Windows does all the work. However, such message notification method is rather slow and inefficient for game input. Therefore, another method is to go ahead an ask Windows if any keys are being pressed. This technique is called polling9. It simply means that program actively asks Windows for information instead of waiting on some event. This happens to be much faster than notification message method and works great with games. In C# it is possible to implement a simple algorithm which checks all the keys on keyboard and mouse.
Mice are a little more complicated than keyboards, as they have the ability to move around. In addition to pressed buttons, the game program needs to be able to tell how much the mouse has moved in each direction. Since most mice only have about three to five buttons, the button polling is very simple. Same polling technique can be used to determine mouse position9. Function DirectInput.MouseState returns all the information about the mouse since the last time it was polled7. So each time the function is called it tells the programmers if mouse has been moved and by how much. Such polling of devices might seem redundant, but in fact it is the most fitting procedures for user game input.
8. Sound


The subject of sound might not be as important as graphics and input, yet it adds a nice touch to any game. For example, classic Super Mario Brothers game was renowned for its music and sounds. Music can set the atmosphere and sound can provide sonic feedback to play interactions. For simple games, WAV and MIDI music files are used for sound effects. These sound effects can be created in free software like the Windows Sound Recorder or Sound Forge9. Once created, they can be used in video games with the help of the DirectSound system.
8.1 DirectSound Device and Buffer


As most of the core components of DirectX that support video game programming, DirectSound has its own device class. The device class connects with the hardware sound card and configures it. Sound device class is very simple and straightforward as there isn’t much to configure, not as much as with graphics7.

DirectSound heavily relies on sound buffers, as they are the basic units of sound in DirectX. There are primary and secondary buffers. Primary is handled by DirectSound to mix and play the sounds, while the programmers play around with secondary buffer. Secondary buffer is where the desired sounds are inserted, which are usually WAV or MIDI files7. It is very easy to play a sound file. Programmer simply needs to create a secondary buffer instance, assign the sound file to it, and tell it to play. Since sound implementation is so easy, it is a good practice to create games with some kind of sound effects.
8.2 Can sound be in 3D?


The most innovative technology in sound processing is 3D sound. 3D is used for surround sound systems, and can create background sound effects as well as imitate sound depth perception. DirectSound makes 3D sound management fairly easy. It provides a Buffer3D class, which takes the regular secondary buffer and processes it automatically to make it three dimensional7. Now the programmer can set the position of the sound by passing specific arguments to the Buffer3D class. These arguments will define the position of the sound and play it in a certain speaker with a calculated intensity. The subject of 3D sound is fairly new and is now beginning to make its way towards video game industry. Nevertheless, it is good to know that DirectSound provides support for this great feature.
9. Putting It All Together


Eventually the time comes when all the separate components of the game have been fully developed. Now the programmers must put all of their work together into one final game project. The game must be tested in one whole piece to make sure it works2. Once all of this is done, and all the combining and testing is done, the marketing experts will deliver the game to the world. This is the most exciting moment in the video game industry as another potentially great title is about to be born.
9.1 Combining all the Code


During the combining the code stage, different parts of the game are put together. Usually the graphics, input, sound and gameplay aspects are developed separately for obvious reasons. The programmers will then gather all the files and join them together under one project in the IDE7. In SharpDevelop all of the files would be linked under one combine. When the game becomes one full project, the first group compile is prone to give some errors. Most such errors are easily fixed, but some might take some time depending on the game size. Once the game has been compiled successfully and assured that it runs, the game is then turned over to the testing department.
9.2 Testing and Checking for Bugs


The testers work closely with the programmers as they must report the bugs directly to the people that created the code. Bugs will always happen as it’s the way programs tend to work out9. Testers will try to find as many bugs as possible and then the programmers try to fix as many as they can. Cost of fixing a bug versus potential customer complaint is considered, as some bugs might be too costly to fix6. Upon such decisions developers and testers finish up the necessary duties before releasing the game.
9.3 The Game Goes Gold

After all the required bugs are fixed and the developers decide to finalize the game, the game is born. It is said for a game to go gold, when the developers announce its official completion6. From there on the game begins to be marketed and distributed. Beginner programmers may simply enjoy their game and tell their friends how exciting it is to develop their own video game. Accomplishment is a great self-motivating sense and another video game might soon be considered for development.
10. Conclusion

Video game industry is growing rapidly and many programmers dream of getting their foot in the door. It is important to have experience in the field of computer science. Programming games encompasses many computer science topics and is a good way to learn to program in general. C# is a new language that is building a bright future for itself. Combining the knowledge of game programming and C# can greatly extend the potential of any programmer.
This document has tried to be as informative as possible for the beginner game developers or curious readers. Brief video game history provided some back ground information on how game programming has evolved over the several decades. Design and its techniques were discussed and how a good design can reduce problems in later stages of game development. Game programming concepts were talked about, since it is essential to know them before beginning any actual programming. C# specific abilities that apply to games need to be an important subject to any developer.

Once all of the theories of video games are understood programmers can begin coding the program. With the help of Microsoft’s DirectX Application Program Interface it is quite simple to write the code for various aspects of a game such as graphics, user input and sound. Direct3D supports graphics, DirectInput deals with user interaction, and DirectSound provides for sound support. This tutorial talks about these components and describes their Device classes as well as some specific functions.
To tie in everything together, developers must combine all of the written code and compile a full game. The final chapter deals with how to polish and finish up the game. After everything is complete and the game is released, it is up to the video game players to truly appreciate the amount of work put in the development process. Video games are fun for programmers and players alike, because they are a truly an entertaining form of spending leisure time.

Appendix
After reading the tutorial, test your knowledge of game programming with C# by answering the following questions:

Question 1: What was the name of the programming language widely used to program the first games?
Answer: Assembly Programming Language.
Question 2: Why is game design an important process in video game development?
Answer: With the help of game design the developers are able to visualize all their ideas and put them together on paper.
Question 3: What kinds of algorithms are generally used in game programming?
Answer: Sort, data compression, and pathfinding algorithms.
Question 4: Which graphical engine works great with C#?
Answer: DirectX.
Question 5: What are the three core components of DirectX that are used for graphics, sound and input?
Answer: Direct3D for graphics, DirectSound for sound, and DirectInput for input.
Question 6: What does it mean for a game to go gold?
Answer: It means that a game has been completely finished and is ready to be released into the world.
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