
   
      
      
   

itemDetails.team = team; 

game.add(itemDetails); 

}

}

// Position current player at correct spawn offset location

let spawnIndex = spawnLocations[game.team]; 

game.offsetX = level.spawnLocations[spawnIndex].startX * game.gridSize; 

game.offsetY = level.spawnLocations[spawnIndex].startY * game.gridSize; 

game.createTerrainGrid(); 

378

Chapter 12 ■ Multiplayer with webSoCketS

// Notify the server once all assets have been loaded

loader.onload = function() {

multiplayer.sendWebSocketMessage({ type: "initialized-level" }); 

}; 

}, 

play: function() {

// Run the animation loop once

game.animationLoop(); 

game.start(); 

}, 

You will notice that the multiplayer initLevel() method is very similar to its single-player counterpart. 

Within the method, we start by initializing the game.team and game.type variables. We then load the level data like we did for single-player. We then initialize a few multiplayer-related variables that we will use later. 

Next, we place all the starting items for both the players at their respective spawn locations and set the offset location for each player based on their spawn locations. 

We then load the terrain grid like we did for single-player, and finally we send the initialized-level message to the server once the level has loaded completely to let the server know that we are ready to start the game. 

In the play() method, we call animationLoop() once, and then call game.start(). Unlike the single-player version, we do not set an interval to call animationLoop() repeatedly. We will be using a slightly more complicated method for invoking animationLoop() to ensure that both the players stay in sync during the game. 

Next, we will modify the handleWebSocketMessage() method in multiplayer.js to call these newly created methods, as shown in Listing 12-19. 

 Listing 12-19.  Modifying Message Handler to Initialize and Start Game (multiplayer.js) handleWebSocketMessage: function(message) {

var messageObject = JSON.parse(message.data); 

switch (messageObject.type) {

case "room-list":

multiplayer.updateRoomStatus(messageObject.roomList); 

break; 

case "joined-room":

multiplayer.roomId = messageObject.roomId; 

multiplayer.color = messageObject.color; 

break; 

case "initialize-level":

multiplayer.currentLevel = messageObject.currentLevel; 

multiplayer.initLevel(messageObject.spawnLocations); 

break; 

379



Chapter 12 ■ Multiplayer with webSoCketS

case "play-game":

multiplayer.play(); 

break; 

}

}, 

We merely call the initLevel() method when we receive an initialize-level message and call the playGame() method when we receive a play-game message. 

If we restart the server and run the game in two browser windows, we should be able to join the same room from both browsers and see the game load in both, as shown in Figure 12-5. 

 Figure 12-5.   Multiplayer game loading in both browser windows

Once the two players join the room, the server automatically assigns both the players different colors and spawn locations. When the game loads, both players are placed at their respective spawn locations with the same starting team: two scout tanks, a heavy tank, and a harvester. 

We can scroll around the map and even select units; however, we still can’t play the game by giving these units commands. This is what we will implement in the next chapter. 

Summary

In this chapter, we looked at using the WebSocket API with Node.js for a simple client-server architecture. 

First we installed Node.js and the WebSocket-Node package and used it to build a simple WebSocket server. 

Then we built a simple WebSocket-based browser client and sent messages back and forth between the browser and the server. 

We used this same architecture to implement a multiplayer game lobby with rooms that players could join and leave. We designed a multiplayer level with spawn locations and starting teams. Finally, we loaded and started the same level on two different browsers, while placing the two players at different spawn locations. 

In the next chapter, we will implement the actual multiplayer gameplay by passing commands between the browsers and server. We will use triggers to implement winning and losing a game. Finally, we will add some finishing touches and wrap up the multiplayer section of our game. 
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CHAPTER 13

Multiplayer Gameplay

In the previous chapter, we saw how the WebSocket API could be used with a Node.js server to implement a simple client-server networking architecture. We used this to build a simple game lobby, so two players can now join a game room on a server and start a multiplayer game against each other. 

In this chapter, we will continue where we left off at the end of Chapter 12 and implement a framework for the actual multiplayer gameplay using the lock-step networking model. We will look at ways to handle typical game networking problems such as latency and game synchronization. We will then use the sendCommand() architecture that we designed in earlier chapters to ensure that the players’ commands are executed on both the browsers so that the games stay in sync. We will then implement winning and losing in the game by using triggers like we did in Chapter 11. Finally, we will implement a chat system for our game. 

Let’s get started. 

The Lock-Step Networking Model

So far, we used the Node.js server to communicate simple messages such as the game lobby status and joining or leaving a room. These messages were independent of each other, and one player’s messages did not affect another player. However, when it comes to the gameplay, this communication is going to get a little more complex. 

One of the most important challenges in building a multiplayer game is to ensure that all the players are in sync. This means every time a change occurs in any of the games (for example, a player issues a move or attack command), the change is communicated to the other players so that they too can make the same change. 

What is even more important is that the action or change occurs at the same moment in both the players’ machines. If there is a delay in executing these changes, subtle differences in unit positions will eventually build up, resulting in noticeable divergences between the game states. 

For example, a unit that is just half a second late in arriving at an enemy location might avoid an enemy attack and survive in one browser, while the same unit may have been destroyed on the other player’s browser. The moment something like this happens, the two players are now playing two completely different games instead of the same one. 

To ensure that both players are completely in sync, we will implement an architecture known as the lock-step networking model. Both players will start with the same game state. When the player gives a unit a command, we will send the command to the server instead of executing it immediately. The server will then send the same command to the connected players with instructions on when to execute the command. 

Once the players receive the command, they will execute it at the same time, ensuring that the games stay synchronized. 

The server will achieve this behavior by running its own game timer, at 10 clock ticks per second. When a player sends the server a command, the server will record the clock tick when it received the command. The server will then send the command to the players, while specifying the game tick to execute the command. 

The players in turn will keep track of the current game tick and execute the command at the right tick. 
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One thing to remember is that since the server needs to execute the commands for all the players at the same time, it will need to wait for the commands from all the players to arrive before stepping ahead to the next game tick, which is why it’s called  lock-step. 

This process is further complicated by the fact that network latency can cause communication delays, with messages sometimes taking several hundred milliseconds to travel between client and server. Our networking model will need to measure and take this latency into account to ensure smooth gameplay. 

We will start by modifying our game code to measure the network latency for each player when the player first connects to the server. 

Measuring Network Latency

For our purposes, we will define the latency as the time taken by a message to travel from the server to the client. We will measure this latency by sending several messages back and forth between the server and the client and then taking an average of the time used for each trip. 

We will start by defining two new methods for measuring the latency inside server.js, as shown in Listing 13-1. 

 Listing 13-1.  Methods for Measuring Network Latency (server.js)

function measureLatencyStart(player) {

var measurement = { start: Date.now() }; 

player.latencyTrips.push(measurement); 

var clientMessage = { type: "latency-ping" }; 

player.connection.send(JSON.stringify(clientMessage)); 

}

// The game clock will run at 1 tick every 100 milliseconds

var gameTimeout = 100; 

function measureLatencyEnd(player) {

// Complete the calculations for the current measurement

var currentMeasurement = player.latencyTrips[player.latencyTrips.length - 1]; 

currentMeasurement.end = Date.now(); 

currentMeasurement.roundTrip = currentMeasurement.end - currentMeasurement.start; 

// Calculate the average round trip for all the trips so far

var totalTime = 0; 

player.latencyTrips.forEach(function (measurement) {

totalTime += measurement.roundTrip; 

}); 

player.averageRoundTrip = totalTime / player.latencyTrips.length; 
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// By default game commands are run one tick after they are received by the server

player.tickLag = 1; 

// If averageRoundTrip is greater than gameTimeout, increase tickLag to adjust for latency player.tickLag += Math.round(player.averageRoundTrip / gameTimeout); 

console.log("Measuring Latency for player. Attempt", player.latencyTrips.length, "- 

Average Round Trip:", player.averageRoundTrip + "ms", "Tick Lag:", player.tickLag); 

}

In the measureLatencyStart() method, we first create a new measurement object with a start property set to the current time and add the object to the player.latencyTrips array. We then send a message of type latency-ping to the player. The player will respond to this message by sending back a message of type latency-pong. 

In the measureLatencyEnd() method, we take the last measurement from the player.latencyTrips array and set its end property to the current time and its roundTrip property to the difference between the end and start times. 

We then calculate the average round trip for the player by adding up all the roundTrip values and then dividing the sum by the number of trips. 

Finally, we use averageRoundTrip to calculate a tickLag property for the player. This is the number of ticks after sending a command that the player can be safely expected to have received the command. By default, tickLag is set to 1, which means we ask all the players to execute the command one tick after we receive it. 

We then adjust tickLag for network latency by estimating the number of extra game ticks the player’s round-trip time is likely to cause. We use a very simple heuristic for this—dividing the average round-trip time by the time each tick takes and then rounding this value. 

You can play around with this heuristic and fine-tune it for accuracy if you like; however, for the purposes of smooth gameplay, it is safer to have a high value. If the value is too low, one of the players with high latency might not receive instructions in time and every other player will have their game freeze until the slower player catches up. If the value is too high, players will have a higher delay between the time that they give the command and the time it actually executes, but the game will never freeze. 

It has been found that players are able to get used to network lag and automatically adjust for it as long as the delay is consistent. Any time the lag varies too much or the game freezes unexpectedly, players tend to get frustrated by it. In my experience, the lag compensation from this simple heuristic is sufficient for a very decent game experience. 

We also use a simple trick to mask this slight game lag. Units when given commands will immediately acknowledge it with audio feedback, giving the player the illusion that their command was executed immediately. The actual execution still takes place a few hundred milliseconds later, after it has gone to a server, been acknowledged, and sent back to the clients; however this delay isn’t as noticeable. Some games use additional animations to go along with the sound, such as a reloading or charging weapon animation to let the player know that the command has started execution. 

Next we will modify the multiplayer object’s handleWebSocketMessage() method to respond to the server’s latency-ping message, as shown in Listing 13-2. 
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 Listing 13-2.  Responding to latency-ping with a latency-pong (multiplayer.js) handleWebSocketMessage: function(message) {

var messageObject = JSON.parse(message.data); 

switch (messageObject.type) {

case "room-list":

multiplayer.updateRoomStatus(messageObject.roomList); 

break; 

case "joined-room":

multiplayer.roomId = messageObject.roomId; 

multiplayer.color = messageObject.color; 

break; 

case "initialize-level":

multiplayer.currentLevel = messageObject.currentLevel; 

multiplayer.initLevel(messageObject.spawnLocations); 

break; 

case "play-game":

multiplayer.play(); 

break; 

case "latency-ping":

multiplayer.sendWebSocketMessage({ type: "latency-pong" }); 

break; 

}

When the browser receives a latency-ping message from the server, it immediately sends back a latency-pong message to the server. 

Finally, we will modify the request event handler for the websocket object on the server to start measuring latency when a player connects and to finish measuring latency when the player sends back a latency-pong response, as shown in Listing 13-3. 

 Listing 13-3.  Starting and Finishing Latency Measurement (server.js)

wsServer.on("request", function(request) {

var connection = request.accept(); 

console.log("Connection from " + request.remoteAddress + " accepted."); 

// Add the player to the players array

var player = {

connection: connection, 

latencyTrips: []

}; 

players.push(player); 
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// Send a fresh game room status list the first time player connects

sendRoomList(connection); 

// Measure latency for player

measureLatencyStart(player); 

// Handle receiving of messages

connection.on("message", function(message) {

if (message.type === "utf8") {

var clientMessage = JSON.parse(message.utf8Data); 

// Handle message based on message type

switch (clientMessage.type) {

case "join-room":

joinRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

if (player.room.players.length === 2) {

// Two players have joined. Initialize the game

initializeGame(player.room); 

}

break; 

case "leave-room":

leaveRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

break; 

case "initialized-level":

player.room.playersReady++; 

if (player.room.playersReady === 2) {

// Both players are ready, Start the game

startGame(player.room); 

}

break; 

case "latency-pong":

measureLatencyEnd(player); 

// Measure latency at least thrice

if (player.latencyTrips.length < 3) {

measureLatencyStart(player); 

}

break; 

}

}

}); 
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// Handle closing of connection

connection.on("close", function() {

console.log("Connection from " + request.remoteAddress + " disconnected."); 

// Remove the player from the players array

var index = players.indexOf(player); 

if (index > -1) {

players.splice(index, 1); 

}

}); 

// Handle closing of connection

connection.on("close", function() {

console.log("Connection from " + request.remoteAddress + " disconnected."); 

// Remove the player from the players array

var index = players.indexOf(player); 

if (index > -1) {

players.splice(index, 1); 

}

var room = player.room; 

if (room) {

// If the player was in a room, remove the player from the room

leaveRoom(player, room.roomId); 

// Notify everyone about the changes

sendRoomListToEveryone(); 

}

}); 

}); 

We start by adding a latencyTrips array to the player object and calling measureLatencyStart() once the player has connected. 

We then modify the message handler to handle messages of type latency-pong. When the player responds to a latency-ping message with a latency-pong message, we call the measureLatencyEnd() method that we defined earlier. We then check whether we have at least three latency measurements and, if not, call the measureLatencyStart() method again. 

Now, if you start the server and run the game, the server will make three attempts to measure the latency. You can see the WebSocket communication using the browser’s developer console, as shown in Figure 13-1. 
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 Figure 13-1.   Observing the WebSocket communication in the developer console You will notice that the incoming and outgoing messages have different background colors, making them easier to distinguish. The client first receives a message of type room-list, which it uses to update the multiplayer game lobby. It then receives three latency-ping messages and responds by sending three latency-pong messages. All of this happens within the first few seconds after a connection is established. 

Now that we have measured latency for the players, it’s time to implement sending commands. 

Sending Commands

Once the game starts, we will maintain a game clock with a game tick number on both the server and the clients. When a player sends a command to the server, we will send the command back to the clients with instructions to execute the command at a later tick calculated by using tickLag. 

We will start by modifying the multiplayer object’s handleWebSocketMessage() method to receive commands within a game-tick message, as shown in Listing 13-4. 

 Listing 13-4.  Receiving Commands in game-tick Message (multiplayer.js) handleWebSocketMessage: function(message) {

var messageObject = JSON.parse(message.data); 

switch (messageObject.type) {

case "room-list":

multiplayer.updateRoomStatus(messageObject.roomList); 

break; 

case "joined-room":

multiplayer.roomId = messageObject.roomId; 

multiplayer.color = messageObject.color; 

break; 

case "initialize-level":

multiplayer.currentLevel = messageObject.currentLevel; 

multiplayer.initLevel(messageObject.spawnLocations); 

break; 
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case "play-game":

multiplayer.play(); 

break; 

case "latency-ping":

multiplayer.sendWebSocketMessage({ type: "latency-pong" }); 

break; 

case "game-tick":

multiplayer.lastReceivedTick = messageObject.tick; 

multiplayer.commands[messageObject.tick] = messageObject.commands; 

break; 

}

When we receive a game-tick message from the server containing a list of commands and the tick number on which the commands need to be executed, we save the commands in the multiplayer.commands array and then update the lastReceivedTick variable. 

Next we will implement the game loop and handle sending and processing commands, as shown in Listing 13-5. 

 Listing 13-5.  Handling Commands in the Client (multiplayer.js)

play: function() {

// Run the animation loop once

game.animationLoop(); 

// Instead of animationLoop, use tickLoop, which will coordinate with the server to call animationLoop

multiplayer.animationInterval = setInterval(multiplayer.tickLoop, game.animationTimeout); game.start(); 

}, 

sendCommand: function(uids, details) {

multiplayer.sentCommandForTick = true; 

multiplayer.sendWebSocketMessage({ type: "command", uids: uids, details: details, currentTick: multiplayer.currentTick }); 

}, 

tickLoop: function() {

// If the commands for that tick have been received

// execute the commands and move on to the next tick

// otherwise wait for server to catch up

if (multiplayer.currentTick <= multiplayer.lastReceivedTick) {

var commands = multiplayer.commands[multiplayer.currentTick]; 

if (commands) {

for (var i = 0; i < commands.length; i++) {

game.processCommand(commands[i].uids, commands[i].details); 

}

}
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game.animationLoop(); 

// In case no command was sent for this current tick, send an empty command to the 

server

// So that the server knows that everything is working smoothly

if (!multiplayer.sentCommandForTick) {

multiplayer.sendCommand(); 

}

// Move on to the next tick

multiplayer.currentTick++; 

multiplayer.sentCommandForTick = false; 

}

}, 

First, in the play() method, we set an interval to call the tickLoop() method every 100 milliseconds when the game starts. 

Next, in the sendCommand() method, we send a message of type command to the server with the details of the command as well as the UIDs for the command. 

The command message also contains the current game tick. This way, the command message can let the server know what game tick the client is currently on. We also set the sentCommandForTick flag to true. 

In the tickLoop() method, we check to see whether we have received commands for the current tick. 

In case we have not, we will wait for the commands to arrive from the server. This is how we ensure that all of the clients act in sync. 

If we have received the commands for the tick, we process all the received commands using the game.processCommand() method. We then call the game.animationLoop() method. 

In case we have not sent out any commands so far, we also send an empty command to the server. This acts as a heartbeat message to let the server know which game tick was completed even when the player doesn’t issue any commands during the game tick. 

Finally, we increment the game tick number and clear the sentCommandForTick flag. 

With this in place, the client will coordinate with the server by sending commands with sendCommand() and receiving them back via game-tick messages. It will then call animationLoop() for each game tick as long as it has received commands from the server for the game tick. Ideally, if there aren’t any network delays, tickLoop() will call animationLoop() every 100 milliseconds and never skip a tick. 

Now that the client has been modified to send and receive commands, we will modify the server to handle these commands as well. 

We will start by modifying the message event handler on the server to handle messages of type command, as shown in Listing 13-6. 

 Listing 13-6.  Handing Messages of Type command (server.js)

// Handle message based on message type

switch (clientMessage.type) {

case "join-room":

joinRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

if (player.room.players.length === 2) {

// Two players have joined. Initialize the game

initializeGame(player.room); 

}

break; 
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case "leave-room":

leaveRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

break; 

case "initialized-level":

player.room.playersReady++; 

if (player.room.playersReady === 2) {

// Both players are ready, Start the game

startGame(player.room); 

}

break; 

case "latency-pong":

measureLatencyEnd(player); 

// Measure latency at least thrice

if (player.latencyTrips.length < 3) {

measureLatencyStart(player); 

}

break; 

case "command":

if (player.room &&  player.room.status === "running") {

if (clientMessage.uids) {

player.room.commands.push({ uids: clientMessage.uids, details: 

clientMessage.details }); 

}

player.room.lastTickConfirmed[player.color] = clientMessage.currentTick + 

player.tickLag; 

}

break; 

}

When the server receives a message of type command, we check whether the message has UIDs. If so, we store the commands in the room’s commands array. If not, the message is just a heartbeat message with no command that needs saving. We then update the lastTickConfirmed property for the player. 

Finally, we will modify the startGame() method in server.js to start the game loop and run the game, as shown in Listing 13-7. 

 Listing 13-7.  Modifying the startGame() Method (server.js)

function startGame(room) {

console.log("Both players are ready. Starting game in room", room.roomId); 

room.status = "running"; 

sendRoomListToEveryone(); 

// Notify players to start the game

sendRoomWebSocketMessage(room, { type: "play-game" }); 
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room.commands = []; 

room.lastTickConfirmed = { "blue": 0, "green": 0 }; 

room.currentTick = 0; 

// Calculate tick lag for room as the max of both players’ tick lags

var roomTickLag = Math.max(room.players[0].tickLag, room.players[1].tickLag); 

room.interval = setInterval(function() {

// Confirm that both players have sent in commands for up to present tick

if (room.lastTickConfirmed["blue"] >= room.currentTick &&  room. 

lastTickConfirmed["green"] >= room.currentTick) {

// Commands should be executed after the tick lag

sendRoomWebSocketMessage(room, { type: "game-tick", tick: room.currentTick + 

roomTickLag, commands: room.commands }); 

room.currentTick++; 

room.commands = []; 

} else {

// One of the players is causing the game to lag. Handle appropriately

if (room.lastTickConfirmed["blue"] < room.currentTick) {

console.log("Room", room.roomId, "Blue is lagging on Tick:", room. 

currentTick, "by", room.currentTick - room.lastTickConfirmed["blue"]); 

}

if (room.lastTickConfirmed["green"] < room.currentTick) {

console.log("Room", room.roomId, "Green is lagging on Tick:", room. 

currentTick, "by", room.currentTick - room.lastTickConfirmed["green"]); 

}

}

}, gameTimeout); 

}

When the game starts, we initialize the commands array, currentTick, and the lastTickConfirmed object for the room. We then calculate the tick lag for the room as the maximum of the tick lag for the two players and save it in the roomTickLag variable. 

Next, we start the timer loop for the game using setInterval(). Within this loop, we first check that both players have caught up with the server by sending commands for the present game tick. 

If so, we send out a game-tick message to the players with a list of commands and ask them to execute the commands roomTickLag ticks after the current tick. This way, both the players will execute the command at the same time, even if the message takes a little time to reach the players. 

We then clear the commands array on the server and increase the currentTick variable for the room. 

If the server hasn’t received confirmation for the current tick from both the clients, we log a message to the console and do not increment the tick. You can modify this code to check whether the server has been waiting for a long time and, if so, send the players a notification that the server is experiencing lag because of a specific player. 

If you start the server and run the game on two different browsers, you should be able to command the units and have your first multiplayer battle, as shown in Figure 13-2. 
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 Figure 13-2.   Commanding units in a multiplayer battle

The multiplayer portion of our game is now working. Right now both the browsers are on the same machine. 

You can host the code on a web server to access them from different machines. You can also move the server code onto a separate Node.js machine and modify the multiplayer object to point to this new server instead of localhost. If you want to move to a public server, you can find several hosting providers that provide Node.js support, such as EvenNode (https://www.evennode.com) and Nodejitsu (https://www.nodejitsu.com/). 

Now that we have implemented sending commands, we will implement ending the multiplayer game. 

Ending the Multiplayer Game

The multiplayer game can be ended in two ways. The first is if one of the players defeats the other by satisfying the requirements for the level. The other is if a player either closes the browser or gets disconnected from the server. 

Ending the Game When a Player Is Defeated

We will implement ending the game using triggered events just like we did in Chapter 11. This gives us the flexibility to design different types of multiplayer levels such as capture the flag or death match. We are limited only by our imagination. 

For now, we will make the level end when one side is completely destroyed. We will start by creating a simple triggered event in the multiplayer level, as shown in Listing 13-8. 

 Listing 13-8.  Trigger for Ending the Multiplayer Level (levels.js)

/* Conditional and Timed Trigger Events */

"triggers": [

{

"type": "conditional", 

// Check if the player has lost all units and buildings

"condition": function() {

for (let i = 0; i < game.items.length; i++) {

let item = game.items[i]; 

if (item.team === game.team) {

// Player still has one item in the game

return false; 

}

}
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return true; 

}, 

// Player has lost the game

"action": function() {

multiplayer.loseGame(); 

}

}, 

]

In the conditional trigger, we check whether the game.items array contains at least one item belonging to the player. If the player has no items left, we call the loseGame() method. 

Next we will add the loseGame() and endGame() methods to the multiplayer object, as shown in Listing 13-9. 

 Listing 13-9.  Adding loseGame() and endgame() Methods (multiplayer.js) loseGame: function() {

multiplayer.sendWebSocketMessage({ type: "lose-game" }); 

}, 

endGame: function(message) {

game.running = false; 

clearInterval(multiplayer.animationInterval); 

// Show reason for game ending, and on Okay, exit multiplayer screen

game.showMessageBox(message, multiplayer.closeAndExit); 

}, 

In the loseGame() method, we send a message of type lose-game to the server to let it know that the player has lost the game. 

In the endGame() method, we clear the game.running flag and the multiplayer.animationInterval interval. We then show a message box with the reason for ending the game and finally call the multiplayer. 

closeAndExit() method once the Okay button on the message box is clicked. 

Next, we will modify the server to handle game ending. This will involve handling the lose-game message from either of the clients, notifying all the clients that the game has ended, and then cleaning up the game-related variables on the server. 

We will start by defining a new endGame() method in server.js, as shown in Listing 13-10. 

 Listing 13-10.  The Server endGame() Method (server.js)

function endGame(room, message) {

// Stop the game loop on the server

clearInterval(room.interval); 

// Tell both players to end game

sendRoomWebSocketMessage(room, { type: "end-game", message: message }); 

// Empty the room

room.players.forEach(function(player) {

leaveRoom(player, room.roomId); 

}); 

room.status = "empty"; 

sendRoomListToEveryone(); 

}
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This method handles clearing up all the game-related properties and notifying the clients that the game has ended. We start by clearing the interval for the game loop. We then send the end-game message to all the players in the room with the reason for the game ending provided as a message parameter. We then remove all the players from the room using the leaveRoom() method and set the room status to empty. Finally, we send the updated room list to all connected players. 

Next, we will modify the message event handler on the server to handle messages of type lose-game, as shown in Listing 13-11. 

 Listing 13-11.  Handing Messages of Type lose-game (server.js)

// Handle message based on message type

switch (clientMessage.type) {

case "join-room":

joinRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

if (player.room.players.length === 2) {

// Two players have joined. Initialize the game

initializeGame(player.room); 

}

break; 

case "leave-room":

leaveRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

break; 

case "initialized-level":

player.room.playersReady++; 

if (player.room.playersReady === 2) {

// Both players are ready, Start the game

startGame(player.room); 

}

break; 

case "latency-pong":

measureLatencyEnd(player); 

// Measure latency at least thrice

if (player.latencyTrips.length < 3) {

measureLatencyStart(player); 

}

break; 

case "command":

if (player.room && player.room.status === "running") {
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if (clientMessage.uids) {

player.room.commands.push({ uids: clientMessage.uids, details: 

clientMessage.details }); 

}

player.room.lastTickConfirmed[player.color] = clientMessage.currentTick + 

player.tickLag; 

}

break; 

case "lose-game":

if (player.room &&  player.room.status === "running") {

endGame(player.room, "The " + player.color + " team has been defeated."); 

}

break; 

}

When we receive a lose-game message from one of the players, we call the endGame() method with the reason for ending the game. 

Finally, we will modify the multiplayer object’s handleWebSocketMessage() method to receive messages of type end-game, as shown in Listing 13-12. 

 Listing 13-12.  Receiving Messages of Type end-game (multiplayer.js)

handleWebSocketMessage: function(message) {

var messageObject = JSON.parse(message.data); 

switch (messageObject.type) {

case "room-list":

multiplayer.updateRoomStatus(messageObject.roomList); 

break; 

case "joined-room":

multiplayer.roomId = messageObject.roomId; 

multiplayer.color = messageObject.color; 

break; 

case "initialize-level":

multiplayer.currentLevel = messageObject.currentLevel; 

multiplayer.initLevel(messageObject.spawnLocations); 

break; 

case "play-game":

multiplayer.play(); 

break; 

case "latency-ping":

multiplayer.sendWebSocketMessage({ type: "latency-pong" }); 

break; 
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case "game-tick":

multiplayer.lastReceivedTick = messageObject.tick; 

multiplayer.commands[messageObject.tick] = messageObject.commands; 

break; 

case "end-game":

multiplayer.endGame(messageObject.message); 

break; 

}

}, 

When the client receives an end-game message, we call multiplayer.endGame() with the reason provided in the message. 

If you start the server and run the game, you should see a message box when one of the players destroys all of the other player’s units and buildings, as shown in Figure 13-3. 

 Figure 13-3.   Game ends when one player defeats the other

If you click the Okay button, you should be taken back to the main game menu. You will notice that when a game ends, the lobby automatically shows the room as empty so that the next set of players can join the room. 

We will also need to end the game whenever one of the players closes the browser or is disconnected from the server, since the game cannot continue with just one player. 

Ending the Game When a Player Is Disconnected

Whenever a player disconnects from the server while playing a game, it will trigger a WebSocket close event on the server. We will handle this disconnect by modifying the close event handler on the server, as shown in Listing 13-13. 
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 Listing 13-13.  Handling Player Disconnects (server.js)

// Handle closing of connection

connection.on("close", function() {

console.log("Connection from " + request.remoteAddress + " disconnected."); 

// Remove the player from the players array

var index = players.indexOf(player); 

if (index > -1) {

players.splice(index, 1); 

}

var room = player.room; 

if (room) {

var status = room.status; 

// If the player was in a room, remove the player from the room

leaveRoom(player, room.roomId); 

// If the game had started or was already running, end the game and notify other player if (status === "running" || status === "starting") {

var message = "The " + player.color + " player has been disconnected."; endGame(room, message); 

}

// Notify everyone about the changes

sendRoomListToEveryone(); 

}

}); 

If the player is in a room, we remove the player from the room and send the updated room list to everyone. If the game was running, we also call the endgame() method with the reason that the player has disconnected. 

If you start the server and begin a multiplayer game, you should see a disconnect message when either of the players gets disconnected, as shown in Figure 13-4. 
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 Figure 13-4.   Message shown when a player gets disconnected

Clicking the Okay button will take you back to the main menu screen. Again, the lobby automatically shows the room as empty so that the next set of players can join the room. 

The last thing we will handle is ending the game if a connection error occurs and the connection is lost. 

Ending the Game When a Connection Is Lost

Whenever the client gets disconnected from the server or an error occurs, it will trigger either an error event or a close event on the client. We will handle this by implementing these event handlers within the start() method of the multiplayer object, as shown in Listing 13-14. 

 Listing 13-14.  Handling Connection Errors (multiplayer.js)

start: function() {

if (!window.WebSocket) {

game.showMessageBox("Your browser does not support WebSocket. Multiplayer will not work."); 

return; 

}

const websocketUrl = "ws://" + (window.location.hostname || "localhost") + ":8080"; this.websocket = new WebSocket(websocketUrl); 

this.websocket.addEventListener("open", multiplayer.handleWebSocketOpen); 

this.websocket.addEventListener("message", multiplayer.handleWebSocketMessage); this.websocket.addEventListener("close", multiplayer.handleWebSocketConnectionError); this.websocket.addEventListener("error", multiplayer.handleWebSocketConnectionError); 

}, 
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// Display an error message and end game in case of a connection error

handleWebSocketConnectionError: function() {

multiplayer.endGame("Error connecting to multiplayer server."); 

}, 

For both the events, we call the endGame() method with an error message. We will also remove these handlers when we exit multiplayer by modifying the closeAndExit() method, as shown in Listing 13-15. 

 Listing 13-15.  Clearing Error Handlers (multiplayer.js)

closeAndExit: function() {

// Clear all handlers and close connection

multiplayer.websocket.removeEventListener("open", multiplayer.handleWebSocketOpen); multiplayer.websocket.removeEventListener("message", multiplayer.handleWebSocketMessage); multiplayer.websocket.removeEventListener("close", multiplayer. 

handleWebSocketConnectionError); 

multiplayer.websocket.removeEventListener("error", multiplayer. 

handleWebSocketConnectionError); 

multiplayer.websocket.close(); 

// Enable room list and join button

document.getElementById("multiplayergameslist").disabled = false; 

document.getElementById("multiplayerjoin").disabled = false; 

// Show the starting menu layer

game.hideScreens(); 

game.showScreen("gamestartscreen"); 

}, 

If you run the game now and shut down the server to cause a server disconnect, you should see an error message, as shown in Figure 13-5. 

399



Chapter 13 ■ Multiplayer GaMeplay

 Figure 13-5.   Message shown in case of a connection error

If there is a problem with the connection while the player is either in the lobby or playing a game, the browser will now display this error message and then return to the main game screen. 

A more robust implementation would include trying to reconnect to the server within a timeout period and then resuming the game. We can achieve this by passing a reconnect message with a unique player ID 

to the server and handling the message appropriately on the server side. However, we will stick with this simpler implementation for our game. 

Before we wrap up the multiplayer portion of our game, we will implement one last feature in our game: player chat. 

Implementing Player Chat

The first thing that we need to do to enable chat is create an input area to enter these chat messages, and style it appropriately. 

We will start by defining an input box for chat messages inside the gameinterfacescreen layer in index.html, as shown in Listing 13-16. 

 Listing 13-16.  Adding Input Box for Chat Message (index.html)

<div id="gameinterfacescreen" class="gamelayer"> 

<img src="images/screens/interface-left.png" class="left-panel" draggable="false"> 

<img src="images/screens/interface-right-game.png" class="right-panel" draggable="false"> 

<div id="gamemessages"></div> 

<div id="callerpicture"></div> 

<div id="cash"></div> 

<div id="sidebarbuttons"> 

<input type="button" id="starport" title = "Starport"> 

<input type="button" id="ground-turret" title = "Turret"> 

<input type="button" id="harvester" title = "Harvester"> 

<input type="button" id="scout-tank" title = "Scout Tank"> 400
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<input type="button" id="heavy-tank" title = "Heavy Tank"> 

<input type="button" id="chopper" title = "Copter"> 

<input type="button" id="wraith" title = "Wraith"> 

</div> 

<canvas id="gamebackgroundcanvas"></canvas> 

<canvas id="gameforegroundcanvas"></canvas> 

<input type="text" id="chatmessage"> 

</div> 

Next, we will add some extra styles for the chat message input to styles.css, as shown in Listing 13-17. 

 Listing 13-17.  Styles for Chat Message Input Box (styles.css)

#chatmessage {

position: absolute; 

top: 460px; 

background: rgba(0, 255, 0, 0.1); 

color: green; 

border: 1px solid green; 

/* Hide chat input by default */

display: none; 

}

#chatmessage:focus {

outline: none; 

}

Finally, we will modify the resize() method of the game object to resize the chat input whenever the window is resized, as shown in Listing 13-18. 

 Listing 13-18.  Resizing the Input for Chat Messages (game.js)

resize: function() {

var maxWidth = window.innerWidth; 

var maxHeight = window.innerHeight; 

var scale = Math.min(maxWidth / 640, maxHeight / 480); 

var gameContainer = document.getElementById("gamecontainer"); 

gameContainer.style.transform = "translate(-50%, -50%) " + "scale(" + scale + ")"; 

// What is the maximum width we can set based on the current scale

// Clamp the value between 640 and 1024

var width = Math.max(640, Math.min(1024, maxWidth / scale )); 
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// Apply this new width to game container and game canvas

gameContainer.style.width = width + "px"; 

// Subtract 160px for the sidebar

var canvasWidth = width - 160; 

// Set a flag in case the canvas was resized

if (game.canvasWidth !== canvasWidth) {

game.canvasWidth = canvasWidth; 

game.canvasResized = true; 

}

// Set the chatmessage input to the same value

document.getElementById("chatmessage").style.width = canvasWidth + "px"; game.scale = scale; 

}, 

Now that we have set up the chat input box, we need to allow the player to enter chat messages and send them to the server. We will start by adding an event handler to listen for keydown events so we can handle keyboard input for chat messages, as shown in Listing 13-19. 

 Listing 13-19.  Handling Keyboard Input for Chat Messages (game.js)

handleKeyboardInput: function(ev) {

// Chatting only allowed in multiplayer when game is running

if (game.type === "multiplayer" && game.running) {

let chatMessage = document.getElementById("chatmessage"); 

// Invisible elements have a null offsetParent

let chatInputVisible = chatMessage.offsetParent !== null; 

if (ev.key === "Enter") {

if (chatInputVisible) {

// Send any text in the message input

let message = chatMessage.value.trim(); 

if (message) {

multiplayer.sendChatMessage(message); 

}

// Clear the input and hide it

chatMessage.value = ""; 

chatMessage.style.display = "none"; 

} else {

// Show the input and set focus on it

chatMessage.style.display = "inline"; 

chatMessage.focus(); 

}

} else if (ev.key === "Escape") {
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if (chatInputVisible) {

// Clear the input and hide it

chatMessage.value = ""; 

chatMessage.style.display = "none"; 

}

}

}

}, 

Whenever a key is pressed, we first confirm that a multiplayer game is running and exit if it is not. 

If the Enter key is pressed, we check whether the chatmessage input box is visible. We then either display the input box if it is not already visible, or send the contents of the message box to the server using the sendChatMessage() method if it is already visible. We then clear the contents of the input box and hide it. 

If the Escape key is pressed while the input box is visible, we clear the contents of the input box and hide it. 

This way, the player can press Enter to start chatting, type a message, and press Enter again to send the message. If the player starts typing a message and then decides not to send it, pressing Escape will clear the message. 

We will need to add an event listener to listen for the keydown event and call the 

handleKeyboardInput() method, as shown in Listing 13-20. 

 Listing 13-20.  Listening for keydown Events (game.js)

// Initialize game once page has fully loaded

window.addEventListener("load", function() {

game.resize(); 

game.init(); 

}, false); 

window.addEventListener("resize", function() {

game.resize(); 

}); 

window.addEventListener("keydown", game.handleKeyboardInput); 

Finally, we will define a sendChatMessage() method inside the multiplayer object as shown in Listing 13-21. 

 Listing 13-21.  Handing Messages of Type chat (multiplayer.js)

sendChatMessage: function(message) {

multiplayer.sendWebSocketMessage({ type: "chat", message: message }); 

}

The sendChatMessage() method sends the player’s message to the server with type set to chat. 

Now that the client can send chat messages to the server, we will modify the message event handler on the server to handle messages of type chat, as shown in Listing 13-22. 
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 Listing 13-22.  Handing Messages of Type chat (server.js)

// Handle message based on message type

switch (clientMessage.type) {

case "join-room":

joinRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

if (player.room.players.length === 2) {

// Two players have joined. Initialize the game

initializeGame(player.room); 

}

break; 

case "leave-room":

leaveRoom(player, clientMessage.roomId); 

sendRoomListToEveryone(); 

break; 

case "initialized-level":

player.room.playersReady++; 

if (player.room.playersReady === 2) {

// Both players are ready, Start the game

startGame(player.room); 

}

break; 

case "latency-pong":

measureLatencyEnd(player); 

// Measure latency at least thrice

if (player.latencyTrips.length < 3) {

measureLatencyStart(player); 

}

break; 

case "command":

if (player.room && player.room.status === "running") {

if (clientMessage.uids) {

player.room.commands.push({ uids: clientMessage.uids, details: 

clientMessage.details }); 

}

player.room.lastTickConfirmed[player.color] = clientMessage.currentTick + 

player.tickLag; 

}

break; 
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case "lose-game":

if (player.room && player.room.status === "running") {

endGame(player.room, "The " + player.color + " team has been defeated."); 

}

break; 

case "chat":

if (player.room &&  player.room.status === "running") {

// Sanitize the message to remove any HTML tags

var cleanedMessage = clientMessage.message.replace(/[<>]/g, ""); 

sen dRoomWebSocketMessage(player.room, { type: "chat", from: player.color, message: cleanedMessage }); 

}

break; 

}

When we receive a message of type chat from a player, we send back a message of type chat to all the players in the room, with a from property set to the player’s color and a message property set to the message we just received. 

Ideally, you should validate the chat message so that a player cannot send malicious HTML and script tags inside chat messages. For now, we use a simple regular expression to strip out any HTML tags from the message before sending it back. 

Finally, we will modify the multiplayer object’s handleWebSocketMessage() method to receive messages of type chat, as shown in Listing 13-23. 

 Listing 13-23.  Receiving Messages of Type chat (multiplayer.js)

handleWebSocketMessage: function(message) {

var messageObject = JSON.parse(message.data); 

switch (messageObject.type) {

case "room-list":

multiplayer.updateRoomStatus(messageObject.roomList); 

break; 

case "joined-room":

multiplayer.roomId = messageObject.roomId; 

multiplayer.color = messageObject.color; 

break; 

case "initialize-level":

multiplayer.currentLevel = messageObject.currentLevel; 

multiplayer.initLevel(messageObject.spawnLocations); 

break; 

case "play-game":

multiplayer.play(); 

break; 
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case "latency-ping":

multiplayer.sendWebSocketMessage({ type: "latency-pong" }); 

break; 

case "game-tick":

multiplayer.lastReceivedTick = messageObject.tick; 

multiplayer.commands[messageObject.tick] = messageObject.commands; 

break; 

case "end-game":

multiplayer.endGame(messageObject.message); 

break; 

case "chat":

game.showMessage(messageObject.from, messageObject.message); 

break; 

}

}, 

If you start the server and play a multiplayer game now, you should be able to send chat messages from one player to the other, as shown in Figure 13-6. 

 Figure 13-6.   Chat between players during multiplayer

We now have a working player chat for multiplayer. With this last change, we can consider our multiplayer game wrapped up. 

Summary

We have come a long way over the course of this book. We started by looking at the basic elements of HTML5 

needed to build games, such as drawing and animating on the canvas, playing audio, and using sprite sheets. 

We then used these basics to build a Box2D physics engine–based game called  Froot Wars. In the process, we looked at creating splash screens, asset loaders, and customizable levels. We then examined the building blocks of the Box2D engine and integrated Box2D with the game to create realistic-looking physics. 

We then added sound effects and background music to create a very polished game. Finally, we looked at converting a game for mobile devices by making it responsive to different resolutions and aspect ratios, handle touch events, and use WebAudio. 
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After that, we built a complete real-time strategy game called Last Colony. Building upon ideas from the previous chapters, we first created a single-player game world with large pannable levels and different types of entities. We added intelligent movement using pathfinding and steering, combat using states and triggers, and even a game economy. We then saw how this framework could be used to tell a compelling story over several levels of a single-player campaign. 

Finally, over the last two chapters, we used Node.js and WebSockets to add multiplayer support to our game. We started by looking at the basics of WebSocket communication and using it to create a multiplayer game lobby. 

We then implemented a framework for multiplayer gameplay using the lock-step networking model, which also compensated for network latency while maintaining game synchronization. We handled connection errors as well as game completion using triggered events. Finally, we built a chat system to send messages between the players. 

In the final chapter of this book, I’d like to share some of the resources, tools, and processes that I have used over the years to build a fairly large variety of games. Incorporating some of these ideas into your own game development should help in making your future game development faster and streamlined, so you can feel comfortable taking on larger and more ambitious projects. 
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CHAPTER 14

Essential Game Developer Toolkit

Over the past few years, I have worked on a large number and variety of game projects for clients, including endless runner games, racing games, base-defense games, arcade games, puzzle games, educational games, and different types of multiplayer games. 

During this time, I discovered two very important things about game development. The first is that most games consist of large portions of similar, repetitive code, and a lot of games can be developed very quickly by reusing common components. The second thing that I realized is that the more I automated and streamlined my workflow and eliminated repetitive and boring tasks, the easier it became to take on larger and much more challenging game projects. 

I specifically chose the two games that I did for this book because together they cover a set of components and techniques that can be reused in a very large variety of games. With some tweaks, you should be able to create most typical smaller mobile games such as puzzle, physics, and tower defense games as well as larger projects such as role-playing games. 

While the actual gameplay may change, the basic infrastructure that you need for common tasks such as loading assets, selecting and loading levels, animating and commanding entities, playing sound, and displaying scores should remain the same across most games that you develop. Even the multiplayer server design should remain similar for a large variety of multiplayer games. 

You should be able to reuse large portions of code from these sample games to get you started on your projects, so you can focus on the creation and design aspects instead of getting bogged down in writing the basic infrastructure each time you make a new game. You will also find that as you keep making games, creating newer games will become much more easy and effortless, as you start developing an intuition for which building blocks to combine, and learn to reuse these blocks instead of trying to create everything from scratch each time. 

However, there are a few simple things that you can do to make your game development even faster, as discussed in this chapter:

•  Use a code editor specifically customized for web and game development

•  Write clean and modular code for easier debugging, testing, and reuse across 

projects

•  Set up a development workflow to automate any repetitive tasks with a decent  

set of tools

© Aditya Ravi Shankar 2017 
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Customizing Your Code Editor

As a game developer, your code editor is where you will be spending a lot of your time. Choosing the right editor and customizing it for your needs is essential if you don’t want to waste a significant portion of this time struggling with your editor to do common repetitive tasks. 

Over the years, I have used a variety of code editors, and at any given time you will find at least a dozen extremely popular code editors with comparable features, for any given language. 

My current favorite editor is Visual Studio Code (https://code.visualstudio.com/), a free and open source code editor developed by Microsoft for Windows, macOS, and Linux. Even though VS Code has been around only since 2015, it has already developed a very large fan following because of its speed, customizability, plug-in support, and steadily growing list of features. 

The editor is completely open source and has been written largely in JavaScript, making it easy to modify and extend. As a result, it also has a large community that continues to develop new extensions and features for it. 

Some of my favorite features, and the reason that I recommend Visual Studio Code, are

•  Syntax highlighting and code completion

•  Custom extensions

•  Git integration

•  Integrated debugging

Syntax Highlighting and Code Completion

Syntax highlighting is one of those features that everyone now expects in any decent code editor. It improves the readability of the code by allowing you to easily distinguish between objects, methods, comments, and quoted text using color, making it easier to read, understand, and navigate the code. In fact, I consider this feature so essential that I would recommend dropping your current editor if it doesn’t support syntax highlighting. 

Another feature that VS Code has is IntelliSense, the ability to provide intelligent code completion, parameter information, and member lists. This feature lets you easily see the member functions of an object as you type, making it very easy to find the method or property you need, see any parameters for the methods, and reduce unnecessary typing (see Figure 14-1). 
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 Figure 14-1.   Syntax highlighting and code completion in action

One advantage of working with an editor that supports code completion is that you can start using descriptive names for all your methods and variables, since you no longer need to worry about typing the variable again and again. This makes your code much more readable, and easier to maintain. Another advantage is that you get hints when you don’t remember the exact name of a variable or parameter, so you don’t have to look up the API each and every time. 
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Custom Extensions

Visual Studio Code has a complete API for writing your own custom extensions in JavaScript. You can read more about the extensions API at https://code.visualstudio.com/docs/extensions/overview. 

These extensions allow you to add all kinds of features to the editor. There are already extensions for verifying that your code is well written and error free, for automatically formatting your code, and even one to automatically add browser vendor prefixes to your CSS code. All of these extensions, and countless more, can be installed using the Extensions sidebar inside the editor (see Figure 14-2). 

 Figure 14-2.   Finding and installing extensions

While you can explore the extensions library and install extensions as needed, the extensions that I strongly recommend installing are for linting and code snippets. 

Linting

Linting is the process of running a program to analyze your code for potential errors. This includes logical and syntactical errors, as well as formatting and stylistic errors such as nonadherence to coding standards. 

VS Code has extensions that will allow you to monitor your HTML, CSS, and JavaScript code for lint. 

Installing the lint plug-ins—ESLint (http://eslint.org/) for JavaScript, HTMLHint (http://htmlhint.com/)  

for HTML, and Stylelint (https://stylelint.io/) for CSS—allows the editor to easily prompt you to fix your errors, almost like a spell checker in a typical word processor (see Figure 14-3). 
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 Figure 14-3.   Typical errors reported by a linting tool

As you can see, having the editor track possible errors in your code can be extremely helpful. ESLint also has the ability to automatically fix any auto-fixable errors such as spacing or indentation, which is very convenient. 

You can customize each of these linting tools by specifying the rules that you want to apply for your code inside their respective configuration files. A typical ESLint configuration file is shown in Listing 14-1. 

 Listing 14-1.  A Typical ESLint Configuration File

{

"env": {

"browser": true, 

"jquery": true

}, 

"globals": {

"Box2D": true

}, 

"extends": "eslint:recommended", 

"rules": {

"no-const-assign": "error", 

"no-this-before-super": "error", 

"no-undef": "error", 

"no-unreachable": "error", 

"no-unused-vars": "error", 

"constructor-super": "error", 

"valid-typeof": "error", 

"no-console": "off", 

"indent": ["error", 4, { "SwitchCase": 1 }], 

"quotes": ["error", "double"], 
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"semi": ["error","always"], 

"no-multi-spaces": "error", 

"no-trailing-spaces": "error", 

"space-infix-ops": "error", 

"space-unary-ops": "error", 

"func-call-spacing": ["error", "never"], 

"array-bracket-spacing": ["error", "never"], 

"block-spacing": "error", 

"brace-style": "error", 

"comma-spacing": ["error", { "before": false, "after": true }], 

"key-spacing": "error", 

"newline-after-var": ["error", "always"], 

"newline-before-return": "error", 

"no-multiple-empty-lines": "error", 

"no-tabs": "error", 

"space-before-blocks": "error", 

"object-curly-spacing": ["error", "always"], 

"eqeqeq": "error", 

"curly": "error", 

"keyword-spacing": "error" 

}

}

The configuration rules allow you to be as strict as you want with your coding standards. You can specify whether you want to enforce spaces before curly braces, or the number of spaces used when you press the Tab key. 

The complete list of rules for each of these tools is available at their respective websites. For example, the list of rules for ESLint is available at https://eslint.org/docs/rules/. 

Obviously, you don’t need to use all of these rules. You are free to pick and choose the ones that you would like to enforce in your project. 

In fact, all the code in this book was checked and formatted using these linting tools with a fairly strict set of rules, which is why everything from the indentation style to the spaces around brackets is consistent all through the book. 

While in the short term these linting tools will help you to quickly fix your code and maintain a consistent coding convention, in the long term they will also train you to naturally write clean and error-free code that follows the latest best practices. 

Code Snippets

Another useful feature is the ability to define code snippets and assign shortcut letters to access them. 

A typical example in JavaScript would be to map the letters cl as a shortcut for the statement console. 

log(""). You would then just type the shortcut and press the Tab key to let the editor automatically replace the shortcut with the entire statement. 

In addition to defining code snippets that you often reuse (such as a basic HTML5 file template or the asset loader object template), you can also install entire packs of commonly used snippets as extensions. 

While the use of code snippets might not seem like much, being able to generate multiple lines of code by just typing a couple of letters will give you an incredible boost in productivity and development speed. 

In addition to these two categories of extensions, I also recommend keeping an eye out for new extensions that you might find useful. 
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Git Integration

Git (https://git-scm.com/) is a free and open source version-control system designed to keep track of changes in source code while working with multiple contributors. 

Git can be used via either the command line or any one of a large number of graphical user interfaces such as GitKraken (https://www.gitkraken.com/) or SourceTree (https://www.sourcetreeapp.com/). 

Visual Studio Code also provides an integrated Git interface, shown in Figure 14-4, which allows you to handle all common Git tasks without leaving your editor. 

 Figure 14-4.   Using Git from inside VS Code

If you plan to collaborate with other developers, intend to share your code on an online repository like GitHub, or would like to keep track of file changes in your code, then learning to use Git is a must. 

If you have never used Git before and would like to learn to use Git, I’d recommend reading the book Pro Git, Second Edition, by Scott Chacon and Ben Straub. A free online version of this book is available at 

https://git-scm.com/book/en/v2. 
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Integrated Debugging

Another useful feature in Visual Studio Code is the ability to debug your code. You can easily add breakpoints to your code, step through lines of code, and watch the values of variables from inside the editor window (see Figure 14-5). 

 Figure 14-5.   Debugging code from inside VS Code

There are also extensions to integrate VS Code with various browser debuggers, so you can debug not just your Node.js JavaScript code, but also your browser JavaScript code. You can read more about the debugging feature of VS Code here: https://code.visualstudio.com/docs/editor/debugging. 

These are just a few of the features that make Visual Studio Code my current favorite editor. It has tons of other features that I use regularly, such as the ability to use multiple cursors, to easily find and jump to a function definition, to find and replace text using regular expressions, or to open any file just by typing a few letters from the file’s name. 

Keep in mind that there are several other editors that can be customized to provide similar functionality. Feel free to explore and try different editors until you find one that is perfect for you. However, no matter which editor you eventually decide to use, make sure that it contains at least some of these essential features, so you can be as productive as possible. 
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Writing Modular Code

Another thing that will help you massively as a game developer is learning to write clean, modular, and reusable code. A few of the more important rules for this, which you have already seen used in this book, are

•   Minimize code repetition: Whenever you notice code that will be needed in more than one place, immediately move it into a separate method so it can be called from 

wherever it is needed. Having common code in a single place makes it easier to 

modify and maintain, and putting it inside a method with a clearly understandable 

name makes your code easier to read. For example, in Last Colony, we moved 

common methods like addItem() and loadItem() to common.js so they could be 

used by all the game item types without needing to repeat the code in the individual 

item files. 

•   Convert useful code into reusable modules: If some code looks like it can be used in multiple games, abstract it out into a separate module for easy reuse. For example, 

in our games, we moved all the asset-loading code into a separate loader object that 

we used for both Froot Wars and Last Colony. The loader has been designed to be 

easily usable for any game. 

•   Make your code easily readable: The closer your code looks to regular English, the easier it becomes to read, debug, and maintain. This means using descriptive names 

for all your methods and variables so if someone else were to see these methods, 

they would easily be able to tell what was going on. For example, in Last Colony 

we used method names like showMissionBriefing(), updateRoomStatus(), and 

createTerrainGrid(). In addition to this, any time you have a section of code that 

isn’t self-explanatory, start with a comment briefly explaining what the code is 

supposed to do. This will help you when reviewing or debugging the code, as well as 

help other developers in understanding the code. 

Following just these basic principles should go a long way in helping you write readable, reusable, and maintainable code. You will find that clean code tends to have fewer bugs, and is much easier to modify or extend. Learning to write clean code is one of the essential foundations for collaborating with other developers to work on large projects. 

If you would like to read more on the topic, you can look at books such as  The Art of Readable Code by Dustin Boswell and Trevor Foucher. Another good resource is the book  Clean Code by Robert C. Martin. 

While the book is written with Java in mind, the ideas from the book have been adapted for JavaScript in a guide for producing readable, reusable, and refactorable JavaScript, which you can read at https://github. 

com/ryanmcdermott/clean-code-javascript. 

Automating Your Development Workflow

Automating your tasks can give you huge benefits. The most obvious one is that it will save your time and effort in completing difficult tasks. But more importantly, by eliminating human intervention you also reduce human error. There is no longer a chance of an accidental space or a misspelling causing your game to break and then needing a long time to debug—something all too common when we have to do long and boring tasks manually. Lastly, being able to do tasks fast and accurately allows you to scale up the scope of your project. 

A very simple example of this automation in action is our using a Node.js script to convert the Last Colony Tiled editor output into the map format for our game. Done manually, this could have taken a lot of effort, with a real chance of a copy-paste error. However, with the metadata generation automated, it is possible to delegate the task of map design to an artist or level designer, who just uses the map editor to draw the maps using a drawing interface. 
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You could then go on to generate the output for all of the maps in a single script that iterates through all the map files in the folder and generates the finished game files in just one quick run. Now, instead of having to limit yourself to five or ten slowly created levels, you could look at the possibility of hundreds of autogenerated levels designed by multiple non-technical level designers, safe in the knowledge that every level can be automatically converted and added to your game. 

I personally tend to automate or at least semi-automate any task that I find annoying or distracting. For example, when writing this book I had to take lots of screenshots in each chapter and then crop them very precisely for use within the book. Knowing that all the game images needed to be cropped at the same offset and with the same dimensions, I wrote a simple script that used the ImageMagick toolkit to crop the images for me. This meant I did not need to interrupt my writing workflow just to open an image editor and crop an image, saving me time and effort and allowing me to focus on the task at hand. 

In my larger game projects, I tend to automate everything from generating audio and image sprite sheets and minifying and compressing game code to building the final-release game folder for deployment on the server. 

Essential Tools for a Streamlined Workflow

You can easily start automating the tasks within your own projects by using a few useful command-line utilities and tools. Most of the tools in my regular toolkit can be broken down into five categories: image handling, audio/video handling, code linting and compression, servers, and build automation. 

Image Handling

In my experience, creating game art and assets is probably one of the most time-consuming parts of game development. This includes everything from drawing the initial artwork and preparing the art for game use to creating sprite sheets and compressed image files for the final game. 

There are three image-handling tools that I consider essential for game development:

•   Image editor: One thing that you definitely need is a decent image editor for creating and modifying your artwork. Both Adobe Photoshop (www.adobe.com/products/

photoshop.html) and the GNU Image Manipulation Program, or GIMP (https://

www.gimp.org/), are great options for professional work. Both have a very large community for support and instructional resources, and allow for scripting and 

automation of repetitive tasks via macros. 

•   Command-line image editing: ImageMagick (https://www.imagemagick.org/) is my favorite command-line tool for image manipulation. As mentioned on its website, 

you can use ImageMagick to resize, flip, mirror, rotate, distort, shear, and transform images, adjust image colors, apply various special effects, and draw text, lines, 

polygons, ellipses, and Bézier curves. You can even use it to combine images into 

sprite sheets, crop and resize images, and convert between different image formats. 

All of this can be done via the command line or even JavaScript using the node-

imagemagick module (https://github.com/yourdeveloper/node-imagemagick), 

making it easy to automate common image-manipulation tasks. 

•   Sprite sheet creation tool: While ImageMagick can be used for creating simpler sprite sheets, another favorite tool for creating more complex sprite sheets with 

different image sizes and types is TexturePacker (https://www.codeandweb.com/

texturepacker). It can combine your game artwork into sprite sheets, intelligently position the images within the sprite sheet so they occupy the least possible space, 

and generate metadata about the sprite position. It also comes with a command-line 

tool to allow automation of sprite sheet generation. 
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Code Linting and Compression

We have already discussed code linting and writing clean code briefly when talking about code editors. Most editor linting plug-ins just serve as front ends for these command-line tools. The linting tools I currently use are HTMLHint (http://htmlhint.com/) for HTML, Stylelint (https://stylelint.io/) for CSS, and ESLint (http://eslint.org/) for JavaScript. 

Another important set of tools is for code compression or minification. While spaces, indenting, and descriptive variable names are essential for code readability, they are of no use to browsers when running the code, and only serve to use up bandwidth. 

Code compression tools (or minifiers) remove unnecessary white space from the code, replace longer variable names with short single-letter variables, and apply various language-specific optimizations to make the code files as small as possible. 

The minifiers that I currently use are HTMLMinifier (https://github.com/kangax/html-minifier) for HTML, Clean-CSS (https://github.com/jakubpawlowicz/clean-css) for CSS, and UglifyJS 

(https://github.com/mishoo/UglifyJS) for JavaScript. 

The most common way to use these tools is to integrate them into a build process so that the source files are combined and minified into a release folder when you are ready to release a new version of the game. 

The release folder, which contains only compressed versions of the code files, is then deployed onto a web server so they can be accessed and run by browsers. 

Servers

There are two server tools that I find invaluable when developing HTML5- and Node.js-based games: 

•   http-server: http-server is a simple, zero-configuration command-line HTTP server. 

We looked at its use briefly when we started developing mobile game code back 

in Chapter 5. The program allows you to serve the contents of any folder just by navigating to the folder from the command line and calling it, which is extremely 

convenient for local development and testing. It allows you to specify options such as the port you want the server to run on and how long you want it to cache content. You 

can read more about http-server at https://www.npmjs.com/package/http-server. 

•   Process Manager 2: Process Manager 2 (PM2) is a production process manager for Node.js applications with a built-in load balancer. It allows you to keep applications alive forever, to reload them without downtime, and to facilitate common system 

admin tasks. This is very useful when you want to run one or more Node.js 

applications, such as the Last Colony multiplayer server. PM2 lets you easily keep 

track of all the server processes, view their logs and memory usage, and track 

whether an application crashed and needed to be restarted. It can also monitor your 

code files and automatically restart the application whenever the code changes. You 

can read more about PM2 at https://www.npmjs.com/package/pm2. 

Build Automation

Even though all these other tools will make your development faster and easier, you can go still further by automating your build process. A good build automation tool will allow you to automate all the painful and time-consuming tasks without taking too much effort to configure and set up these tasks. While there are several popular build toolkits out there, my personal favorite is Gulp.js. 

Gulp.js is a task runner, built on Node.js and npm, that allows you to define tasks in JavaScript as well as access most npm modules from within your build scripts. This reduces the typical learning curve associated with using the build tool, while still giving you the power and flexibility to do anything that you would do in a typical Node.js script. 
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Instructions for setting up Gulp.js as well as detailed documentation are available at the Gulp.js site (https://gulpjs.com/). 

Gulp.js also has wrapper plug-ins for most of the tools discussed earlier, which allows you to easily invoke them from within your build scripts. For example, Clean-CSS has the gulp-clean-css plug-in (https://www.npmjs.com/package/gulp-clean-css) and UglifyJS has the gulp-uglify plug-in (https://www.npmjs.com/package/gulp-uglify). You will find examples of usage for the plug-in included with the documentation for most plug-ins. 

A typical example of a build script that minifies all your HTML code is shown in Listing 14-2. 

 Listing 14-2.  A Typical Gulp.js Build Script

var gulp = require("gulp"); 

var htmlmin = require("gulp-htmlmin"); 

gulp.task("minify", function() {

return gulp.src("src/*.html")

.pipe(htmlmin({ collapseWhitespace: true }))

.pipe(gulp.dest("dist")); 

}); 

This example script uses the gulp-htmlmin plug-in to take all the HTML files within the src folder and minify them before saving the compressed files in the dist folder. You can read more about the gulp-htmlmin plug-in for HTMLMinifier at https://github.com/jonschlinkert/gulp-htmlmin. 

You should be able to find a preexisting gulp plug-in for most common build tasks, and easily write your own plug-in in JavaScript for any tasks that don’t have one. 

Once you set up your plug-ins and write your tasks, you can potentially have a script run all the tasks that you need with a single invocation of the gulp command. In time, as you get comfortable with using (and reusing) build scripts, you should start automating as much as possible, so you can focus on new development and game creation. 

Summary

If you have been following along since the beginning of this book, you should now have the knowledge, resources, and confidence to build your own amazing games in HTML5, and I want to thank you for taking this journey with me. 

My goal in writing this book was to demystify the process of building complex games in HTML5 and provide you with everything that you would need to build such games on your own. I sincerely hope that I was successful in this goal. 

A lot of the changes and improvements in this second edition, such as more-detailed explanations, newer game features, and additional content on mobile development, were based on the questions and feedback from readers, and I would appreciate hearing your feedback as well. I would also love to hear about how you used this book as a starting point for your own game projects. 

If you have any questions, comments, or feedback, you can reach with me via my website at  

www.adityaravishankar.com. 

While this book should have given you a great start, in my experience most of the learning in game programming comes from setting out on your own journey—trying your own experiments, making your own mistakes, and constantly growing and improving with each experience. So keep going, keep creating, and keep learning. 

I wish you all the best in your game programming journey. 
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multiplayer game

adding sound, 319

in browser windows, 380

combat, 324

handleWebSocketMessage()  

commands, 321

method, 379

init() method, 320–321

initGame() method, 376

messages, 324

initMultiplayerLevel() method, 379

objects, 319

levels, 374

play() method, 321

message event handler, 

references, 321

modify, 377

single-player campaign

spawnLocations array, 376

assault, 337

startGame() method, 376

rescue, 330

teamStartingItems array, 376

under siege, 343
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