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  front matter


  foreword


  As pioneers in the exhilarating era of the Nintendo Entertainment System (NES), we are delighted to introduce Classic Game Programming on the NES. This book is not just a retrospective glimpse but a vivid re-exploration of an epoch where creativity blossomed amidst technological limitations. As the authors of 10 NES titles in the early 1990s, including the Dizzy games, Firehawk, Super Robin Hood, and DreamWorld Pogie, we faced these challenges head-on, transforming our innovative ideas into engaging gameplay and captivating visuals.


  Our developmental journey was one of innovation and adaptation. We utilized an IBM PC equipped with an Intel 286 processor, 32K RAM, and a 30 MB hard drive. Programming involved using a DOS editor, running a 6502 compiler, and using a PDS board to connect the PC to an NES development kit. For graphics, we employed DPaint3 on an Amiga, later converting these creations into NES-compatible formats. This book guides you through the evolution of such methodologies to the best modern tools and pipelines available today. In our early careers, the NES was a source of inspiration, teaching us to navigate and transcend its limitations.


  The NES, despite its modest 1.66 MHz CPU, was a marvel in its time, ingeniously designed for pixel mapping, hardware sprites, and scrolling. This allowed the creation of smooth, visually stunning 2D games that were just 256 × 240 pixels (organized as 32 × 30 tiles of 8 × 8 pixels) displayed on CRT TVs. With more than 60 million NES consoles sold worldwide, its phenomenal success and influence on the gaming industry and culture was, and remains, undeniable.


  Classic Game Programming on the NES transcends being a mere guide; it is a tribute to the ingenuity and fervor that epitomized game development in this iconic era. The book diligently unravels the complexities of programming for a console that profoundly influenced the trajectory of the modern gaming industry.


  This book is crafted for both enthusiasts and aspiring developers, offering an unparalleled blend of technical insight and historical perspective. It extends an invitation to delve into both the “how” and the “why” of NES game development, celebrating the NES’s legacy as a hotbed of innovation and creativity in video gaming.


  Our foray into the world of the NES during the 1990s was transformative, shaping not just our careers but our very lives. This book pays homage to a time when programming was as much an art form as it was a technical skill, demanding not only expertise but also a flair for creative problem-solving within stringent technical constraints.


  Classic Game Programming on the NES is a comprehensive educational resource that meticulously deconstructs the unique programming challenges and solutions intrinsic to the NES. More than a programming manual, this book offers an in-depth exploration of the technical intricacies that will deepen readers’ understanding of game development. It is an indispensable read for anyone intrigued by the intricacies of game design and programming on one of history’s most iconic gaming consoles.


  Each chapter melds technical detail with practical advice and insights into the creative process that underpinned NES game development. This book is an invaluable asset for those aspiring to master the art of programming in a context that profoundly influenced a generation of games.


  —Philip and Andrew Oliver, also known as The Oliver Twins


  preface


  I have been programming computers in Australia for more than 40 years.


  Starting in the early 1980s with the purchase of a secondhand TI-99/4 computer in partnership with my father and then progressing to a Spectravideo SV-318 a year later, I loved playing games, mainly in the arcades and on the two main home consoles of the period, the Atari 2600 and the Intellivision.


  Having little money to spend on games, I decided to make my own versions for the Spectravideo. Some early game listings were published in the local Australian user group publications and were received well at the time.


  Then the entrepreneur in me thought, why not put some of these games on tapes and sell them locally and via the user groups? Thus the Program Pack series of titles was launched with the initial pack containing one utility for drawing sprites and three simple games. This was soon followed by more and more titles and program packs, with more than 50 games being released in a short period.


  After dabbling with enhancing some of the early games with add-on machine code routines, I decided to program my very first 100% machine code title, Meteor Swarm. Heavily inspired by the arcade game Asteroids, this was very well received and, along with a cover designed by a local artist and a second B-side title, Birds of Orion, was the very first release under the Electric Adventures name (the Program Packs were subsequently rebranded as Electric Adventures).


  Around the same time, the ColecoVision was launched in Australia. Coming with Donkey Kong packed with the console, the systems practically flew off the shelves.


  I worked in the local games store that Christmas and can remember opening the store in the morning to receive a huge palette of ColecoVision systems, stacking them around the store, and then selling them well before closing each day. So my first experience with the console was demonstrating the system in store to customers and watching lots of lucky people take them home for Christmas.


  My efforts, both working in the store and selling my own titles, paid off a few months later, with enough money to upgrade to a Spectravideo SVI-328 Mark II and, most importantly, a SVI-603 ColecoVision adapter—along with a ColecoVision joystick from a broken system and several actual ColecoVision titles on cartridge.


  Soon I was playing Mouse Trap, Q*bert, Frogger, and Popeye at home and learning more about great games. In the years that followed, ever more complex machine code games were released (Munch Mania, Pyxidis, and Video Grafitti). All of the titles were ported to the MSX systems after the purchase of an SVI-728, itself followed by an SVI-738 X’Press.


  Next, I turned my hand to writing, starting with tutorial articles on enhancing basic games with machine code (Beyond Basic), the Micro’s Gazette magazine, and finally the book Spectravideo and MSX Complete User Guide.


  Moving on from retail, I embarked on a career in the software industry, writing complex data-driven business applications; I ran a company selling a market-leading point-of-sale solution; and I spent many years in the financial planning, banking industry, tourism and gaming, resources, and now the manufacturing sector.


  In the past 10 years, with a renewed interest in all things retro, I converted several of my titles from the Spectravideo/MSX originals across to the ColecoVision and the Nintendo Entertainment System (NES), and created a video series on making retro games. My interest in developing games for the NES comes from its Japanese origin and part of its graphics chip design inherited from the TMS graphics chips found in the Spectravideo and MSX computers (and many others).


  The first title I developed for the NES was the NES Championships cartridge for the inaugural Game On Expo in Arizona, where it was used to re-create the excitement of the original Nintendo World Championships held in the console’s heyday. It contained three mini-games: Sydney Hunter, Pedal to the Metal, and a conversion of my existing Meteor Swarm game that had to be played within a 6-minute and 21-second time frame (just like the original). I developed this in three months, learning both 6502 Assembler and the NES hardware at the same time. I later released an enhanced version of Meteor Swarm and Sydney Hunter and the Caverns of Death (converted from the Super Nintendo game of the same name).


  I like the challenge of developing games for limited systems, especially an 8-bit system like the NES. It allows you to completely control the underlying hardware and see how far you can push it. I have always liked teaching and mentoring others and have written this book to provide a platform for newcomers to produce their own ideas and creations for the NES. I truly hope this book allows more people to start making games for one of the very best 8-bit home consoles.
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  about this book


  Classic Game Programming on the NES is a comprehensive guide to developing your first retro game for the Nintendo Entertainment System. It brings together the scattered secrets of NES development, distilling them into clear instructions on how to get started, what your game needs to work, and what tools you’ll need to use. Learn about the NES’s awesome and unique architecture, the surprisingly simple 6502 Assembler language, game logic, and more.


  Throughout, all concepts are illustrated with a simple space-based shoot-em-up that’s based on the awesome Astrosmash game reminiscent of games from your childhood.


  Who should read this book


  For anyone interested in building their own retro games! No programming experience required.


  How this book is organized: A roadmap


  The book is divided into 16 chapters and 3 appendixes:


  
    	
      Chapter 1: Let’s program games—An introduction to the NES console and what we will be aiming to achieve.

    


    	
      Chapter 2: Getting set up—What tools will be needed to develop games for the NES on modern systems.

    


    	
      Chapter 3: Starting 6502 Assembler—A look at the basics of programming in 6502 Assembly language.

    


    	
      Chapter 4: Math, loops, conditions, and bits—We cover more 6502 Assembly language concepts.

    


    	
      Chapter 5: Starting somewhere—First we look at what is needed to make a “Hello World”–like demonstration on the NES.

    


    	
      Chapter 6: Starting a game—Next, we start creating our sample game, Mega Blast, and display tile graphics for both the title and main game screens.

    


    	
      Chapter 7: Move and shoot—We display and move the player’s ship using input from the joystick and then make the player’s ship shoot up the screen.

    


    	
      Chapter 8: Enemy movement—In this chapter, we make enemies appear and move onscreen.

    


    	
      Chapter 9: Collision detection—Here we look at how to determine when our various game objects have collided with each other.

    


    	
      Chapter 10: Keeping score—We look at how you keep track of the player’s score, display it on screen, and update it.

    


    	
      Chapter 11: Player collisions and lives—Next, we check for collisions between the enemy objects and the player, keeping track of the number of remaining player lives.

    


    	
      Chapter 12: More enemies—We enhance the number and type of enemies being displayed with different visuals and behaviors.

    


    	
      Chapter 13: Animations and more—We add object and background animations.

    


    	
      Chapter 14: Sound effects—We learn how to create sound effects and use them in our game.

    


    	
      Chapter 15: Music—We learn how music is created and how to use it during gameplay.

    


    	
      Chapter 16: Where to from here?—In our last chapter, we look at further enhancements to our sample game, extending the NES’s capabilities, publishing, and other types of games.

    


    	
      Appendix A: Installation and setup—This appendix covers getting your environment set up with the tools needed to follow the examples provided in the book.

    


    	
      Appendix B: Memory mappers—The NES can be extended via the game cartridge; this appendix covers the various types and their capabilities.

    


    	
      Appendix C: Memory and IO map—This appendix provides a detailed memory and IO map for the NES platform.

    

  


  The book is designed for the reader to work their way through the chapters in order, but if you are already familiar with and understand 6502 Assembler, then you can skip chapters 3 and 4 and get straight into making a code to run on an NES in chapter 5. If you are unfamiliar with 6502 Assembler, then I strongly recommend that you work your way through both chapters 3 and 4, completing the exercises using the provided online assembler.


  About the code


  The code from chapters 5 to 16 is provided in a GitHub repository located here: https://github.com/tony-cruise/ProgrammingGamesForTheNES.


  The example source code assumes the reader is using the CC65 compiler/assembler mentioned in chapter 2. Instructions on setting this up in your environment are located in appendix A.


  This book contains many examples of source code both in numbered listings and in line with normal text. In both cases, source code is formatted in a fixed-width font like this to separate it from ordinary text. Sometimes code is also in bold to highlight code that has changed from previous steps in the chapter, such as when a new feature adds to an existing line of code.


  In many cases, the original source code has been reformatted; we’ve added line breaks and reworked indentation to accommodate the available page space in the book. In rare cases, even this was not enough, and listings include line-continuation markers (➥). Additionally, comments in the source code have often been removed from the listings when the code is described in the text. Code annotations accompany many of the listings, highlighting important concepts.


  You can get executable snippets of code from the liveBook (online) version of this book at https://livebook.manning.com/book/classic-game-programming-on-the-nes. The complete code for the examples in the book is available for download from the Manning website at https://www.manning.com/books/classic-game-programming-on-the-nes and from GitHub at https://github.com/tony-cruise/ProgrammingGamesForTheNES.


  liveBook discussion forum


  Purchase of Classic Game Programming on the NES includes free access to liveBook, Manning’s online reading platform. Using liveBook’s exclusive discussion features, you can attach comments to the book globally or to specific sections or paragraphs. It’s a snap to make notes for yourself, ask and answer technical questions, and receive help from the author and other users. To access the forum, go to https://livebook.manning.com/book/classic-game-programming-on-the-nes/discussion. You can also learn more about Manning’s forums and the rules of conduct at https://livebook.manning.com/discussion.


  Manning’s commitment to our readers is to provide a venue where a meaningful dialogue between individual readers and between readers and the author can take place. It is not a commitment to any specific amount of participation on the part of the author, whose contribution to the forum remains voluntary (and unpaid). We suggest you try asking the author some challenging questions lest his interest stray! The forum and the archives of previous discussions will be accessible from the publisher’s website as long as the book is in print.


  about the author
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  Tony Cruise has worked in IT and application development for more than 40 years, starting with programming and releasing games for multiple 8-bit systems in the 1980s. Author of more than 100 released titles, books, and magazine articles, today he is actively writing new games and utilities and creating resources for other developers working with 8- and 16-bit systems.


  about the cover illustration


  The figure on the cover of Classic Game Programming on the NES, “Anne de Bretagne, Reine de France,” or "Anne of Brittany, Queen of France,” is taken from a book “Costumes Historiques de la France” by Paul Lacroix, published in 1852.


  In those days, it was easy to identify where people lived and what their trade or station in life was just by their dress. Manning celebrates the inventiveness and initiative of the computer business with book covers based on the rich diversity of regional culture centuries ago, brought back to life by pictures from collections such as this one.


  1 Let’s program games!


  This chapter covers


  
    	The Nintendo Entertainment System


    	Our goal for this book


    	NES architecture overview


    	The structure of a game


    	The game loop

  


  Starting from the late 1970s with the release of the groundbreaking game Space Invaders, video games gained widespread popularity, and whole arcades were dedicated to just offering Space Invaders for patrons to enjoy. Soon a host of other arcade games followed, bringing us classics such as Donkey Kong, Pac-Man, Galaga, and many, many more.


  Riding on this wave of popularity, home consoles such as the Atari 2600 and Intellivision entered people’s homes, bringing simplified versions of arcade games to consumers. These early consoles (and many home computers) started the process of people gaming at home. Meanwhile, in Japan, Nintendo, a toy company that had been creating small handheld video game units, entered the market in 1983 with the Famicom (Family Computer). This small but quite powerful 8-bit system burst onto the local market and introduced gamers to Super Mario Bros, using the Mario character from the arcade game Donkey Kong, along with a fast horizontal scrolling array of platforms and quirky characters. 


  Two years later, the Famicom was repackaged and rebranded for its release in the U.S. and Canadian markets as the Nintendo Entertainment System (NES; see figure 1.1). In addition to introducing Super Mario Bros, it introduced the world to new game genres with The Legend of Zelda and Metroid and became one of the best-selling consoles of its time. The NES continues today to be a very popular “retro” console, with a wide range of games that define what a retro game is in a lot of gamers’ minds. 


  
    [image: ]


    Figure 1.1 Nintendo Entertainment System

  


  Back when the console was released, developing a game for the NES required specialized hardware and a substantial financial commitment. However, with today’s modern computers able to accurately emulate the hardware, it is now possible for anyone to create new and exciting games for this popular system to either share or sell to fellow retro enthusiasts (see figure 1.2).
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    Figure 1.2 Legacy game development

  


  The secrets of the official NES developer’s kit are hidden away in the Nintendo archives, but we can glean some details from the non-Nintendo-produced development kits that were produced by third-party companies writing games back when the console was released. Even back then, some form of IBM PC-like computer, expensive mini-computer terminals, or another computer with a 6502 processor like the Apple II was required, along with a hardware board that interfaced the computer directly with a NES (or Famicom) console.


  The attraction of developing a new game for a retro system such as the NES is due to its simplicity; it also means most, if not all, the game components (such as graphics, sound, and game code) can be created by either a single author or a small team, rather than the massive teams required to make today’s modern games.


  The only blockage remaining for most people is working out how to get started. There is a lot of information available on the internet about the NES console, but there is no clear guide on how to get started, what tools you need, and how a game works. In this book, we are going to work through all the things you need to get started and will, step by step, develop a simple but fun game to illustrate how you can bring your game ideas to life.


  TIP Find other NES developers on the https://www.nesdev.org/ website.


  1.1 Our goal


  Our end goal with this guide will be to produce a simple, playable game that demonstrates several game concepts and introduces a lot of the features of the NES platform. The game genre we will be focusing on is a simple space-based shoot-em-up, based on a popular home console game called Astrosmash (see figure 1.3).
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    Figure 1.3 Astrosmash running on the Intellivision

  


  This is a very simple but fun game and will allow us to go through a lot of important game concepts. We will start with learning about the structure of a game and about programming in the 6502 Assembly language that the console uses. Then we will look at how to create graphics for both background and moving objects, reading input from the game controllers, collision detection, keeping track of the player’s score, and bringing the game to life with sound effects and music.


  From this start, these same concepts can be used to make other genres of games, such as platformers, adventure games, and games that scroll the screen. We will cover some of the techniques needed to take the next steps later in this book.


  1.2 NES architecture


  The NES console has quite a unique set of components that make it a very powerful (for when it was released) and flexible gaming system. It is based around a variant of the 6502 processor (a Ricoh 2A03 CPU) along with a custom picture processing unit (PPU) that handles displaying the game output on a TV or monitor and a custom audio processing unit (APU) that can play quite distinctive music and sound effects and even includes the ability to play basic digital audio samples (think of very low-quality digitally recorded sounds).


  The console is also quite expandable with the cartridge interface having direct access to the CPU and internal memory, one of the reasons the console enjoyed such a long life, as developers worked out more ways to augment the system with cartridge hardware. Figure 1.4 shows the complexity of the NES architecture. 
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    Figure 1.4 NES architecture

  


  We will cover this architecture in more detail as we work through the various parts of our game, but it is broken down into the following areas:


  
    	
      Ricoh 2A03 CPU (mostly 6502 compatible) with 2K of RAM

    


    	
      A PPU that handles displaying all images on screen:


      
        	
          It has its own 2K of Video RAM (VRAM), which can optionally be added to with RAM from the game cartridge, with the patterns used for the tiles and sprites coming from an 8K section of the game cartridge.

        


        	
          This can be supplied by the game cartridge as a single fixed 8K ROM area, as a bank switchable 8K area, or even as 8K of RAM that can be written to by the CPU.

        

      

    


    	
      An APU that handles all sound output and is programmed via commands from the CPU.

    


    	
      The game cartridge, which not only contains program and data space that is either fixed or bank switched banks with a maximum of 32K available at any one time but also contains an 8K section for the Pattern tables and can optionally add more VRAM, work RAM, or even battery-backed RAM for saving game progress.

    

  


  1.3 6502 Assembler


  The NES console uses a slightly modified version of the popular 8-bit 6502 microprocessor, which was used in many computers and consoles from the late 1970s through most of the 1980s. We will focus on how to write games using 6502 Assembler, just like the developers of the original NES games used back in the day.


  It is possible to use higher-level languages (such as C) to make NES games, but due to the limited processing power of the system, use of assembly is required to achieve some features. By learning and using 6502 Assembler, you will be able to take control and make the most of the hardware.


  The words “assembly language” make a lot of people, whether they are experienced programmers or starting programming for the first time, think that they will not be able to learn how to use it. The good news is that 6502 Assembler has a relatively short list of instructions to learn, and once you have mastered the basics, you can get something up and running with minimal effort.


  1.4 Calling all retro developers


  Why would you, the reader, want to create games for a game console released back in the 1980s?


  
    	
      Retro game consoles like the NES have become very popular to collect, play, and talk about. There is a large variety of games for the system, but there is a compelling challenge to see what the platform can be made to do with the wisdom of the games that have been created for newer generations of systems.

    


    	
      Modern game development and what goes on “under the hood” are completely obscured by the complexity of whatever 2D/3D development platform is being used. Who will develop the game engines of the future if some of the underlying concepts are forever hidden from view? Sometimes going back to a retro system and being limited by a platform’s capabilities can improve the way games are developed for modern platforms.

    


    	
      Due to the limitations/simplicity of the system, a single developer or small team can create a polished and professional title, compared to the cast of thousands required to create a game for a modern platform.

    


    	
      Working on a system with strict limits to its capabilities, both in processing power and memory, is similar to and good training for being able to work on modern limited systems such as mobile phones and tablets.

    


    	
      Showing that you can create a game for a retro system may be the way to demonstrate to a modern development team that making games is what you want to do as a career and may give you an advantage over other applicants when seeking a position in the game industry.

    

  


  1.5 The structure of a game


  Throughout this guide, we will be working through the concepts of creating a complete game; to do that, we break a game down into various components and go into detail on each section (see figure 1.5).


  
    [image: ]


    Figure 1.5 The structure of a game

  


  1.5.1 Initialize console


  At the start of your game code, you need to set up the console to be ready for your game to run. The NES console has a complex set of custom components, but it has no built-in operating system, so as the developer, we need to start with some important steps as follows:


  
    	
      Wait for the video hardware and the rest of the NES components to be ready.

    


    	
      Clear memory so we have a known starting set of values.

    


    	
      Initialize sound hardware, and ensure any existing sounds are turned off.

    


    	
      Detect which game controllers are connected depending on which ones our game will support; for example, if your game needs the light gun controller, check that it is connected, and if not, display a message.

    


    	
      We are going to be displaying graphics, and depending on how the tile and sprite patterns are stored in our game ROM, they may need to be transferred to graphics chip (PPU) video memory.

    

  


  1.5.2 Intro screen(s)


  The next section of a game is the entry point for the players of the game. This is where you tell them what the game is about, its title, what enemies they will be facing, and maybe some high scores to beat. This could be


  
    	
      A single screen with a title image, waiting for the player to press Fire on the control pad

    


    	
      A collection of screens showing more information

    


    	
      Maybe even a demo mode showing the game in action

    

  


  If the game has some settings that could be adjusted by the player, such as starting lives or player configuration, then an Options screen where they can be selected could be included.


  Load graphics and patterns and draw screen(s)


  Before displaying any screens, we first need to set up the graphical patterns that will be used to create our title screen(s). The NES does not have a classical bitmapped display, for example, where every pixel can be individually controlled (at least without cartridge add-ons). It uses a matrix made up of fixed 8 × 8 pixel tile patterns. These tile patterns need to be loaded from the game ROM into the NES’s video memory before they can be used. We will cover this in more detail a bit later.


  In addition to the tile patterns that make up the background objects, the NES also has smaller objects, called sprites, that can appear in front of (or behind) the background tiles. These sprites are also defined by 8 × 8 pixel patterns, and the patterns for these also need to be loaded from the game ROM into the NES’s video memory.


  Intro screen loop


  Once the title screen has been displayed, we need to introduce a simple logic loop that will wait for input from the player controller. The input from the controller could just be waiting for the player to press the Start button, or there might be several menu items to take the player to an Options screen, load a saved game, or enter a code to start the game at a specific level. While we are waiting for player input, we also may want to animate objects on screen, play a catchy music track, or, after a period of time, change to a different screen showing the best high scores or more information about the enemies/characters we are going to encounter.


  1.5.3 The game loop


  Next is the most important part of a game: the main loop that controls the game logic. This is the game engine that drives all the logic of your game; it will vary depending on what type of game you are creating, but it can be split up roughly into the following sections:


  
    	
      Get player input, move player

    


    	
      Initialize/spawn enemies

    


    	
      Move enemies

    


    	
      Detect collisions

    


    	
      Animate moving and stationary objects

    


    	
      Level progression/increase difficulty

    

  


  Get player input, move player


  Most games allow the player to control one or more characters (or ships), so we need to get the player’s input from the controller, which may move the player’s character around the screen or, when detecting a button press, shoot a bullet, drop a bomb, summon magic, or bring up an Options screen.


  If we move the player, then quite often we also want to check where the player is located so that the player character interacts with the background (i.e., stops before going through a wall or lands on a platform). If we are going to shoot a bullet or drop a bomb, we might need to check whether we have a bullet or bomb available to shoot. Some early shoot-em-up games only allowed one bullet! We cover this further in chapter 7.


  Initialize/spawn enemies


  A shoot-em-up would not be much fun without some enemies to shoot at, so next, we need to decide whether new enemies should appear on the screen. This may be a fixed type of enemy for the level of the game or may be selected from several enemy types based on a random event or the player’s actions. Once we decide to create a new enemy, we then set up appropriate information for controlling the enemy—for example, place initial sprite(s), and set values in a RAM table. We cover this in more depth in section 8.2.


  Move enemies


  Once we have one or more enemies on screen, we need to move them. In section 8.2, we move any existing enemies based on their current position and their state, using the information in the RAM table we set up when creating the enemy. An enemy might continue to move until it hits a background boundary or might react based on the player’s position or actions. We cover this in more depth in section 8.3.


  Detect collisions


  A very important part of our game logic is collision detection; this is where we want to check whether enemies, their bullets, and other objects have hit the player or fixed objects on the screen. Depending on the game, collision detection can be handled within the movement logic of the player and enemies but can also be a separate step. We cover this in more depth in chapter 9.


  Animate objects


  We also may want to animate the player’s ship, enemies, or background details regularly. Animation can make a game come alive, so it is well worth including. This is usually handled in both the player and enemy movement sections but can also include changes to the background.


  Increasing difficulty/game progression


  Most types of games can benefit from changes as the player works their way through the game; this can be achieved via the game having things such as


  
    	
      Multiple screens with different layouts

    


    	
      Levels to progress through, perhaps with a change in the enemy and/or background graphics, along with an increase in difficulty

    

  


  Difficulty can also be matched to how well the player is doing. Some shoot-em-up games do this to ensure a less experienced player can still make some advancement in the game. In our example game, we will change the frequency and type of enemies that appear, as well as increase their speed as a player progresses through the game.


  1.5.4 Graphics chip draws changes to the screen


  The NES has a powerful graphics chip, called the PPU, that handles the drawing of the contents of the screen multiple times per second. What it draws to the screen is contained in special RAM areas known collectively as video RAM or VRAM. This VRAM is not directly accessible from the 6502 CPU, and changes to VRAM need to be sent from ROM or RAM to the PPU via a set of control ports.


  Changes to VRAM can only be made when the PPU chip is not busy drawing the screen. The screen is drawn, one row at a time, from left to right, until it reaches the bottom of the screen, as shown in figure 1.6.
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    Figure 1.6 NES PPU chip: What is a vBlank?

  


  Once the bottom of the screen has been reached, the PPU chip raises a signal (the vBlank Interrupt) and then needs to wait for the raster, which is drawing the screen, to return to the top in order for it to start drawing again.


  This vBlank period is the time to change things in VRAM while the PPU chip is not using it. Trying to change VRAM at the wrong time can lead to incorrect output on the screen. It can be done, just with great care. Note that the time to both read and write VRAM is longer while the screen is being drawn (as the PPU is busy).


  The vBlank signal from the PPU graphics chip causes a non-maskable interrupt (NMI) to be generated for the 6502 CPU. The 6502 CPU will stop what it was doing and continue executing from the NMI interrupt routine specified in the Vectors table (see section 5.5). It is the responsibility of the programmer to save any 6502 registers used inside the NMI routine and restore them before exiting.


  1.5.5 Ending a game


  Several early arcade games just keep going, slowly getting harder until the player loses all their lives; the developers never programmed in an ending. In fact, some of these games keep going until a “kill screen” occurs, usually caused by a number, such as the player’s score or a level counter running out of memory and causing the game to crash. Well-known examples of these include Donkey Kong, where its level timer on level 22 reaches zero, thus killing the player immediately, and Pac-Man, which glitches when the player reaches level 256.


  Later games allowed the player to work toward a goal or have a fixed number of levels to work through. Working toward a goal gives the player something else to achieve other than just a high score. Also, having a goal allows the development of a background story that can complement the details in the game, either in the game or in the instruction material.


  It is a good idea to work out an ending for your game, even if it is just a score summary screen or a nice graphic of your hero sitting down for a well-deserved rest. It gives the player closure and a chance to review how well they have done.


  Summary


  
    	
      By learning and using 6502 Assembler, you will be able to take control and make the most of the hardware.

    


    	
      Developing games for a retro console can provide a way to demonstrate your skills and passion in the game industry without having to involve a team of people.

    


    	
      Your game code needs to wait for the NES console hardware to be ready.

    


    	
      The “game loop” is the most important part of a game.

    


    	
      Most games have a way to make progress with different levels, enemies, and increased difficulty.

    


    	
      Player satisfaction is improved if a game has a background story and a defined ending.

    

  


  2 Getting set up


  This chapter covers


  
    	Selecting an emulator


    	Selecting and setting up a text editor


    	Selecting and setting up an assembler


    	Selecting a tool for creating tile and sprite patterns


    	Selecting a tool for creating sound effects and music

  


  To start creating games that will run on the Nintendo Entertainment System (NES), you will need a development environment. Back when games for the system were first created, specialized computers hooked up to a hardware-based development system were required, which was quite an expensive undertaking at the time, and these were only handed out to selected parties by Nintendo. Now, due to the availability of modern personal computers, we can not only simulate this development environment completely in software, but we can have far more advanced tools. An easy-to-use development environment with a modern text editor with syntax coloring, along with additional tools to compile and debug your programs, will allow you to focus on developing the functionality of your game.


  We will cover getting a development environment set up on Windows-, Linux-, or macOS-based systems, and you will be able to choose the tools that suit your preferences. The selection of tools is far more limited on Linux and macOS systems, but a usable setup can still be achieved.


  2.1 Emulation


  It is not practical to have a physical NES game console wired up to your personal computer so that you can build, deploy, and debug your game code. Software-based emulators, which emulate all the functionality of the NES hardware but run on your personal computer, are a much better option. 


  The NES is a very popular 8-bit system, so many emulators do a decent job of emulating the system. Note, however, that they are not perfect at emulating the NES hardware (especially the sound), so any games should be tested on real hardware before releasing to other users.


  NOTE To be able to test a game on real NES hardware, several SD-based cartridge adapters can be used; personally, I use the EverDrive N8 cartridge manufactured by Krikzz (see https://krikzz.com/our-products/legacy/edn8-72pin.html).


  Quite a few of the emulator solutions are primarily focused on the Windows platform, but there are still a few choices that will run on Linux or macOS systems. Most of the emulators are available as both downloadable binaries, which you can just run on your system, and source code that you can compile on your system.


  Some of the emulators also have a built-in or complimentary debugger. A debugger is especially important as it allows you to see your game code running one step (line/statement) at a time. Being able to step through your code and see what registers, flags, and memory are changed can help you find out why your code is not performing how you expect. The term “debug” implies it is a tool to help remove the bugs in your code.


  2.1.1 Mesen


  Mesen is quite a good choice for emulating the NES hardware (see figure 2.1). It has a high level of emulation accuracy and several handy add-on tools (such as a built-in debugger), plus, most importantly for readers of this book, it can be controlled from other applications. It is also, at the time of writing, actively being updated and supported.
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    Figure 2.1 Mesen debugger in action

  


  In addition, Mesen supports both Windows and Linux as platforms. For macOS users who want to use Mesen, one of the virtualization apps such as UTM, VMWare Fusion, or Parallels Desktop will allow the Windows version to run in a window on a Mac system and still be able to access the filesystem. The main support website for Mesen is https://www.mesen.ca/docs/index.html.


  TIP I have found the Mesen emulator to be the best option for developing titles for the NES, especially since, at the time of writing, it is being actively supported, and the additional tools, such as the debugger, work very well.


  2.1.2 FCEUX


  FCCEUX has been in development since 2008, starting on Windows and later made cross-platform. Its emulation is considered very accurate, and it has several tools built in, such as a debugger and various viewers for all the graphical objects (see figure 2.2).
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    Figure 2.2 FCEUX running on Windows

  


  It is the best choice for those developing on the macOS platform unless you run Mesen using a Windows virtual session. You can download FCEUX for your operating system here: https://fceux.com/web/download.html.


  2.1.3 iNES


  iNES has been in development since 1996, and as of this writing, is currently at version 6.1 (see figure 2.3). iNES’s emulation is considered very close to running a game on real hardware and supports many homebrew memory mappers. There are builds for Windows and many Linux distributions including Android devices, but there are, unfortunately, no builds for macOS at the time of writing. It also has a simple debugger built in, which makes it a more attractive option for NES development. You can download a version for your operating system here: http://fms.komkon.org/iNES/#Downloads.
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    Figure 2.3 iNES emulator Windows version

  


  Once you have iNES downloaded, installation is very simple. Basically, you select a folder and then unzip the download file contents into the folder.


  2.1.4 Other options


  Other emulators are also available, based on your chosen development system platform. These are listed in table 2.1.


  Table 2.1 List of other available emulators


  
    
      
      
      
      
    

    
      
        	
          Name

        

        	
          Platforms

        

        	
          Site

        

        	
          Debugger

        
      

    

    
      
        	
          Mesen

        

        	
          Windows/Linux

        

        	
          https://www.mesen.ca/docs/index.html

        

        	
          Yes

        
      


      
        	
          Nestopia UE

        

        	
          Windows/Linux

        

        	
          http://0ldsk00l.ca/nestopia/

        

        	
      


      
        	
          FCEUX

        

        	
          Windows/Linux/macOS

        

        	
          https://fceux.com/web/home.html

        

        	
          Yes

        
      


      
        	
          iNES

        

        	
          Multiplatform

        

        	
          http://fms.komkon.org/iNES/

        

        	
          Yes

        
      


      
        	
          JNES

        

        	
          Windows/Android

        

        	
          http://jabosoft.com/categories/1

        

        	
      


      
        	
          BizHawk

        

        	
          Windows/macOS

        

        	
          https://github.com/TASEmulators/BizHawk

        

        	
          Yes

        
      


      
        	
          VirtualNES

        

        	
          Windows

        

        	
          http://virtuanes.s1.xrea.com/

        

        	
      


      
        	
          RetroArch

        

        	
          Multiplatform

        

        	
          https://www.retroarch.com/index.php

        

        	
      


      
        	
          Higan

        

        	
          Windows

        

        	
          https://higan.readthedocs.io/en/stable/

        

        	
      

    
  


  2.2 Editor


  One of the most important tools needed to write assembly language is an application to edit the source files. This can be something as simple as Windows Notepad or Linux’s VIM (or even ED for old-timers like me), but it is a lot better if the assembly text is formatted and colored in such a way as to improve readability and highlight any potential syntax errors (see figure 2.4). It is even better if you can compile your current project and see any errors or warnings from the assembler.


  
    [image: ]


    Figure 2.4 Source text formatting

  


  There are quite a few powerful and flexible text/code editors available. For this book, we will focus on two: Visual Studio Code and Sublime Text. which are both available on Windows, Linux, and macOS. Some other well-supported text and code editors you could consider are
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