Game Networking for Beginners with Unity3D
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AboutUnity

Unity (alsocalled Unity3D) is a cross-platform game engine with a built-in| DE developed

by Unity Technologies. Itis used to devel op video games for web plugins, desktop

platforms, consoles and mobile devices, andis utilized by over one milliondevelopers. It grew
froman OS Xsupported game development tool in 2005 to a multi-platform game engine.

As of this publishing, Unity currently supports development for iOS, Android, Windows,
Blackberry 10, 0S X, Linux, web browsers, Flash, PlayStation 3, Xbox360, Windows Phone,

and Mm The gameengineis downloadable from their website intwo different versions:
Unity and Unity Pro. Unity provides a freelicense for indie devel opers, or the commercial Unity
Prolicense whichfor a fee provides additional features. In this eBook we use just the features
providedin thefreeversion of Unity.
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Introduction

Hi everyone. Thanks for reading my eBook. There are several networking tutorials I’ve found
on Unity3D Networking, but they wereinadequate to me. They mostly said things like:

e copythis

e pastethis
e dothat

e deletethis
e etc..

Although itwas ok for meas|’ve had networking experiencein the past| thought goodness,
anyonewho hasn’thad experience with networking in the past might really struggle with these
tutorialsasthey don’t explain what they are having you do or why. Therefore, I’ve decided to
write my own to help anyone who wants to add networkingto their Unity 3D game. I’'msure
for some game networking experts, they might have different opinions on a lot of what |
introduce here,andl don’tclaimto bean expertby anystretch. | design verypractically and
implement a good-enough approach as we are makinggames after all ©. My intentwiththis
tutorialisto serveasanintroduction to game networking and to provide the skills and
knowledge required to get you started developing multi-player gamesinUnity3D. Whereyou
takeitfromthereis up toyou. | willhave a few areas of “do this”, “pastethat”, but they will
almostalways belead with anexplanation of whatyou're doingand why.

Special Thanks

Much of the original networking code I’'m using was taken from the Star Trooper Multi-Player
Tutorial by Andrius Kuznecovas. Without his sample lwould have had a much harder time
getting up to speed on Unity3D networking. I've taken his concepts and tried to provide a lot
more detail on what I’'m doing and why I’'m doingit. I've also replaced the use of Star Trooper
with a very simple demo that we will build inline ourselves in this tutorial. | hate tutorials that
use existing code that does a whole lot more than what we’re trying to teach. |like to dumb it
down to the basics and show what’s needed without a lot of extra complexity. | hope you find
this tutorial beneficial.



To accompanythis eBookl’veincluded two additional files:

Accompanying material can be download from:
http://www.3 dm uve.com/e book/ne tworkingforbe ginners withunity3d_content.zip

3DMUVE Networking Tutorial for Unity3D - Code Only Package.unitypackage
This is a Unity3D Package File containingall the source code discussed in this eBook. Instead of

retyping the code, or trying to cut/paste, it’s best to use this package. Leverage the eBookto
understand what’s being done and following the steps on how to create the ingame objects and
assemble everything. If you run into difficulty the next file includes the completed projectin its
entirety.

3DMUVE NetworkingTutorial for Unity3D full Unity3D Project.zip
This is a copy of the full Unity3D project that | developed for this eBook. | would recommend
onlyusing itifyou get stuckand need to look at a completed project to try and figure out where
things differ. If you find any mistakes between what’s documented in the eBook and this
project please let me know.

Let’s start with understanding some gamingconcepts. I’'mgoingto focus on justone, the
“Hybrid Engine”, whichin my opinion is the most functionalstyle of networking for most multi-
player games, especially real-time games. It’'simportant to understand there are many ways to
implement a networked game, and even though we might use the same underlying low-level
calls,onedesignisn’t necessarily better than another. Each game has different needs andasa
lead designer and developer we need to work together to decide whichis bestforour games. |
lean towards what|’ve coinedas the “Hybrid” style networking engine, but thisisn’tan industry
term, and I’'msure a lot of other gaming implementations do something similar. We will cover

“Authoritative”, “Relay” and “Hybrid” and even develop a little of each since “Hybrid” is
basically a combination of the other two.

To startwith we'll discuss:

Whata Master Game Serveris

Whata GameServer is

LAG, PredictionandSmoothing
Connectivity and challenges with firewalls,
Coding Sample

u b W N -

Building a sample applicationto testour code



Finally we’ll discuss the Unity 3D API’s used to implement the code.

e NetworkView

o StateSynchronization

o RPCcalls
e [nstantiating of networked objects
e Managingnetworked objects

This tutorial develops a Windows based game, but from a networking perspective | believe everything
covered will apply to all the Unity3D supported platforms. The only real thingthat makes this Windows
specificis the Input checks of the keyboard and mouse. If you wanted to port this tutorial torunonan
iPad for example it should work just fine but the Input would have to be updated to use a less brute
force approach to checking Input. | haven’t tried this yet but unless the Unity3D networking APl’s are
doing something under the covers, | believe you should be able to play cross -platform too, which means
auseronan iPadshould be able tointeract with a useron a PC for example. | haven’t read anywhere
that this is blocked.

Game Networking Engine Designs

There are many ways you can design a networked game. Some games run a single game serverona
publicly accessible computer somewhere and gamers can connect to it remotely without entering
anything special because the clientis already configured “at the factory” if you will to connect to the
one hosted game server. In other cases the user might be required to enter the credentials of the game
server to control what game they connect to and in another design there might be a menu displayed
which allows the game client to choose what they want. We’ll examine these in a little more detail, and
then we’ll develop a sample that uses a dynamically generated selection menu.

Master Game Server (MGS)

A Master Game Server (MGS)can bethought of as a lobby server. It's where your game client
first connects to see what games are alreadyavailable. You can choose to joinan existinggame
or starta new game. Unity provides a MGS for testingas well as the source code for you to run
your own MGS customized for just your game, available here ./ /www.unity3d.com/master-sener/indexhtmi). 1N

its simplest forman MGS provides a list of existing games. It might show thegame name, a
description, number of connected players, informationabout location or network lag, or other
detailsto helpyou decide whatgameto join. You might create/join a private game for just your
friends to play. You can extend the MGS to support buddylists, friend chat, and other features
to help the gamers with game matching or the social aspects of cooperative play. The MGS

does NOT perform anygamerelated tasks, except with initial connectivity needs. It’s strictly the
central hub for match making andcoordination of players joining games. Oncea gameis
underwayit’s handled by the Game Server (GS) and has no further coordination with the MGS.


http://www.unity3d.com/master-server/index.html

Peer-to-Peer (P2P)

A P2P game networking design is when each game client has a network connection to every other game
clientand they’re able to send commands to one another to provide appropriate updates. Considera
two player game such as chess, each player client would tell the other player client of its move, and they
would continue to exchange updates throughout the game. In the P2P design each clientis equalin
power and makes decisions for the game. Its commonin a turn based game where the gamer takes a
turn and the local game client performs 100% processing of that turn then tells the other gaming clients
what it did. As each gamer takes theirturn, 100% of the processingis performed by the local game
clientand the results are passed on. It’s less common to see this styleimplementation usedin a fast
paced game such as a FPS.

Another challenge with P2P is anincreased risk of cheating. Ifthere are no controls in place across all
game clients to ensure each move being performed is valid, then a compromised game client could
conceivably cheat with no restrictions.

We alsodon’t see P2P used often with games requiring large numbers of users due to the complexity of
ensuringall clients can connect directly to all other clients. When we get into coding we’ll show how to
setup NAT Punch Through (we’ll discuss in more detail later), a technique used to bypass firewalls which
would otherwise prevent gamers from connectingto a non-publicly hosted game server. This process is
rather tricky for game clients connectingto a single game server. Ifall clients had to connect to all other
clients we’d have to perform this step again and again which can be very complicated, prone to failure,
and not necessarily needed.

Game Server (GS)

The Game Server (GS) is the main coordinator for a new game. The mainpurpose of theGSis to
coordinate connectivity of all the clients. Most games don’t have every client connectdirectly
to every other client, unlessit’s only atwo player game (or veryfew players.) We usually
design a GSasthecentral hubfor all clients to connect. Aclient talks to other clients by sending
commandsto the GS and the GS relays those commands to all the other clients.

Game Networking Engine Styles
Thereareseveral common types of Game Servers people implement:

Dedicated / NON Client

The Dedicated Game Serverdoesn’talso run a client. It's often used for MMOPG’s where the
playersthemselves don’t have the option to host their own game, butcanonly join anexisting
game. Another usecaseistolettheplayer hosttheir own game on a dedicated computer.
Becausethereisnoclientalso running performanceisimproved which can help support more
clients, or possiblyreduce lag due to the server running slow and contending for resources with
the client. Wedon'tseethis use caseoften asitrequiresa seconddedicatedserver whichisn’t
usuallyavailable. Some games focused ata small populationof hard core games, suchas Half



Life’s Counter Strike, willsometimes provide the option fora player hosted dedicated Game
Server.

Non Dedicated / With Client

Mostgames thatallow the playerto hosttheir own gameallow the playertoalsorunasa
player (client) on thatgameatthesametime, fromthesamecomputer. Thebenefitisthatit
makes iteasyfor a player to host their own game without needing a second computer or
complex networking setup. ThedisadvantageisthattheGSis also coordinating all networking
to all clients and can affect the game playfor everyoneifthelocal clientis slowing things down.
Itcanalsoaffectthelocalclientbecausetheserveris contending for resources.

We'll be developing a non-dedicates game server forour game, but we'll be offloading some of
the traditional Game Server processing to other clients using my Hybrid approach.

Regardless of Dedicated or Non-Dedicated, the fol lowing GS types can exist witheither of the
above mentioned types:

Relay

A Relay GS acts morelike a peer-to-peerimplementation where allthe work is being performed
onthe clients,and the GSisjust used to send packets between a client and all other clients.
This provides the best performance as actions can occur locallyas soon as the player does
something, and gets updated to other clients asynchronously. However, because of this itlends
to hacking/cheating and canalso provide unexplainedresults dueto lagandother issues. (le:a
player explodes but on the remote client nothing caused the explosiondueto lag or packet
drop,atthesametimeon a differentclienta bombwent off killingthe player, and on a third
clientthe playerwas awayfromthebomb butdies ashorttimelaterfor no apparentreason,
when the session state gets replicated)

These days withcontrolled client devices such as smart phones, ipads or consoles, we don’t
need to be as concerned withhacking theway weare on PC/MAC titles.

Authoritative

Authoritative GSisjust the opposite of the relay server. In this model the clientsends all
commandsto the GSand the GS decidesif thecommandis acceptable and performs the
appropriateaction, such as walk forward, then updates all the clients with the new position and
orientation of all objects. Thisis commoninan MMORPG wheretheactionis moreturnbased,
butless thanideal for a real-time FPS which has fast pacedaction and expects nearreal-time
response. Allclients areinlock-step with each other, butdueto lagof the GS, can feel slow and
unnatural to the player. Some games use anAuthoritative approachbutadda local prediction
soitfeels moreaccurate. Inthiscasea playerrequeststo move. Itsendstherequestto the



server butatthesametimeassumes theserver willapproveitsothelocal moveis started. This
way itfeels responsive to the player but the GS still has the final say and will put the player back
wherehe was ifitdoesn’tapprove therequest.

Hybrid

What| recommend for most multi-player gamesis what|’ve coined as the Hybrid style. This
incorporates the best of the relay and authoritative serversina well balanced way providing
the most flexible gaming experience. InHybrid the player performs anactionwhichoccurs
immediatelythen tells the other clients throughthe GS so they can refreshwhat the other
playersaredoing appropriately. Thisissimilarto the peer-to-peer. However, when it comes to
things that affect other players, then eachplayer is responsible for the decision of things it
controls, whichis similar to the Authoritative approach butinstead of the GS being the
authoritor, eachclientis the authoritorfor the objects they control/manage. Someobjectsin
the scene/level aren’ttiedto a playersuchasthetrees, or power-up items. Inthis casethe GS
would betheauthoritorfor thoseitems. Let’s go through anexample:

o Let's say weshoota missile projectile. Westarttheanimationimmediately on our
clientsoweexperienceno lag.

e Wetell theother clients so they too caninstantiatethe projectile. We'll refer to this
remote copy of the missile as the missile’s AVATAR.

e Asthe missiletravels on theoriginatingclient, theclientis sending updates throughthe
GSso eachremoteclientknows the current positionandorientation

e Ontheremote clients we use something called predictionandsmoothing (covered | ater)
to update the missiles avatar on theremoteclients

e Nowbackontheoriginalclientthe projectile hits another player. Theappropriate
responseisto showthecollisionwhichwe do “LOCALLY”. Next we’d wanttoapply
damagetotheother player, butwe DON'Tdo that. Since wedon’tcontrol the other
player thatwas hitwearen’tresponsible for applyingdamage, we’re NOT authoritative
for thehitplayer.

o Wecould chooseto either send a message (through the GS) to the player we hit
andaskittoapplythedamage, but thisisa slightlymore advanced topicfor
another ebook. Insteadwhatwe’ll lethappenis whenever a “local” player is hit
by a remote projectile, thatlocal player willbeits own authoritor, and will apply
damagetoitself. Thereforeintheabove case the missile was local notthe
player being hit, sowejustshow the explosion foraestheticsandwe’re done.
Only when a missile hits a local player or other local object will that client
process damage.



O

If you're paying attention and gettingitsofaryou might realize the missile was
justdestroyed on the original client, sowe’re no longer sending/receiving
updates. Therefore doesn’t the missile avatarjuststop on all the other clients?
Well itwould except we're still using prediction which will keep the avatar
movingalongits previous trajectory for ashort period. The only extrathing we
doonthe avataris managea timerto self destruct theavataraftera certain
period of time since we’re no longer receiving updates from the original client.
We could senda command from the client where the missile hitto all other
clientsinstructing them to explode the missile, but unless we hita local object
we’d never hitanything official and never applydamage. Therefore, theonly
time we tell all otherclients to explode the missileis when the hitobjectis a
local objectthattakes damage. Inthatcase we need to destructthe missile for
everyone.

A few other moreadvanced approaches we canimplementinclude:

O

O

When the originating missileis destroyed we send a packet to all the remote
missile avatars to take over their own navigationuntil they either hit something
or their timer expires.

Alternatively, from the time we instantiate the missile on the remote clients we
canleteachremoteclienthandleits own local movement, never needingto
send network updates as the missiletravels. Thisis alsoa perfectly acceptable
technique since a missile’s trajectoryis mathematical and very consistent. It’s
actuallymoreefficientto doitthis way. However, when it hits somethingon a
clientthat controls what was hitandtherefore applies damage to what was hit,
we should send a command to all other clients instructing them to terminate the
missileso wedon’t perform additional damage on a secondaryclient because we
hitsomething theretoo, ata later pointintime. Thisworks greatfora dumb fire
missile, or laser, orgun. However, ifitwerea heatseeking missile with Al
directingit, then I’d probably onlyrun thaton oneclientandlet
networkView.observed properly control the missile movement on the remote
clients.

Expect some of theseto be covered in more detailina future eBook.

Thereare many ways to consider implementingthis and I’'m just suggesting a few
ways todoit. Atthe end of the dayit’s up to the developerandgamedesigner to
decidehowthey wantitto work. There’s no magichere. Thisisthetricky partof

network programming andwhy it’s socrucialto understandall then anomalies and
how to properly designfor them.



e Ifthe missileavatarhits a local playeron the client controlling the player, then that
player applies damageto itself and decidesif it was destroyed. Ifitwas destroyed the
clientwill senda destroyed message through the GS telling all the other clients it was
destroyed.

e Youcould potentiallyhave a situation where every client has the missile hitthe player
excepttheclientwheretheplayerislocal. Ineachoftheseinstances the missile will
explodelocally, but no damage willbeincurred and the player will go on unaffected.
This isdoneforaesthetics only. We only process damage when the missile hits on the
clientwheretheplayerbeing hitislocal.

e Someonehas tobeinchargeof thedecisionmakingand| prefereachplayer tobein
charge of hisown character along with any other objects that character owns/controls.
This is the crux of the Hybrid model.

e Inthecaseofanobjectthat’s neutral, suchasa treethat cantake damage, then the GS
is theowner of all neutral objects and will be res ponsible for performing any damage
incurred. Thisisagood reasonto havea dedicated GS, so the extra processing forscene
objects wouldn’t affect a player client running on the same computer.

LAG:

A challenge manygames experienceislag. Gaming Lagiswhen a clientfalls behind and doesn’t
keep up with other clients usually due to network latencyand/or different speed client
computers. Lagcanresultinplayers appearingto jump from place to place and not walk
smoothly,amongotherissues. In somecasesit’sdueto someplayers having slower computers
thanothers.Inothercasesit’s due to some players having slower networks that can’t keep up
with theamount of packets being sent. LAG can also be caused by a poor game networking
design thatsend too many networkpackets creating anissue thatimpedes all clients from
keeping up.

A way to limitthe affect of lagisto implement what’s known as predictionand smoothing. One
reason games experience lagis becauseittakes timefor a clientto send a messageto a GS then
the GSto send the messageto all theclients. By thetimea clientreceives it, the playerisno
longer atthespotbeing reported. Consider agamerunningat60 fps. Theclientscreenis
updatingevery 16 ms. Ifittakes 30 ms to deliver anupdate to a remoteclient, thelocal player
has already processed through 2 additional frames. It might have stopped, sped up, or turned
and theremoteclientdoesn’tknow it yet.

1. Prediction is theactof movingtheplayer where you thinkit'll be. If theclientcan
calculatethelagis30 ms,andthecurrentframerateis 60fps, thenitcanbe



deduced thatiftheremote playeris movingin a certaindirectionanditkeeps
movingin thesamedirection then by the time the packet was receivedits really two
frames furtheralong. Prediction updates the location to reflect this predicated new
location based on the previous location, directionandspeed.

2. Smoothing is movingthe player fromits current positionto the new positionover
the course of time before the next packetarrives. If you areableto estimate30 ms
between network updates on average, then you can calculate to move the remote
avatarfrom point Ato point Bwill need to take 2 frames. You therefore move the
player half way inthefirst framethen theremainingdistanceinthe nextframe. This
helps reduce seeing the remote avatar appearto JUMP dueto bad lag.

Network Connectivity and Firewalls:

IP Addresses and Ports

Network IP Address
(http://en.wikipedia.org/wiki/IP_address)

An Internet Protocol address (IP address) is a numerical label assigned to each device (e.g., computer,
printer) participatingin a computer network that uses the Internet Protocol for communication.2l An IP

address serves two principal functions: host or network interface identification and location addressing.
Its role has been characterized as follows: "Anameindicates what we seek. An address indicates where
itis. A routeindicates how to get there.”

Two versions of the Internet Protocol (IP) are in use: IP Version 4 and IP Version 6. Each
version defines an [P address differently. Because of its prevalence, the generic term IP
address typically still refers to the addresses defined by [Pv4. The gap in version sequence
between [Pv4 and IPv6 resulted from the assignment of number 5 to the experimental
Internet Stream Protocol in 1979, which however was never referred to as IPv5.

IPv4 addresses
Main article: IPv4#Addressing
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An IPvd address (dotted-decimal notation)

172 . 16 .254 . 1
\ 4 \ 4 \ 4 \

10101100 00010000 ,11111110,00000001
L Il I

One byte =Eight bits

Thirty-two bits (4 x 8), or 4 bytes

&

Decomposition of an [IPv4 address from dot-decimal notation to its binary value.

In IPv4 an address consists of 32 bits which limits the address space to 4294967296 (232)
possible unique addresses. [Pv4 reserves some addresses for special purposes such as
private networks (~18 million addresses) or multicastaddresses (~270 million
addresses).

[Pv4 addresses are canonically represented in dot-decimal notation, which consists of four
decimal numbers, each ranging from 0 to 255, separated by dots, e.g., 172.16.254.1.Each
part represents a group of 8 bits (octet) of the address. In some cases of technical writing,
[Pv4 addresses may be presented in various hexadecimal, octal, or binary representations.

Network Port

A network portis basicallya unique numberon a computer to separate network trafficacross
differentapplications. It's not uncommon to have several applications using the network at the
sametime,andinorderfor each application to separate the traffic from other applications a
unique portisspecified. When we getinto thecode we’ll specify the ports as part of the
network setup. Itis possibleyoucould runintoa portconflict withanother application, but
we’ll choosea port#thatis rarely used, and since we don’t normally runadditional programs
when we’re also runninga gameit’s not likely that youwill runinto a conflict.

Network Address Translation or NAT.

For mostgamers, they’re running the game on their computer or consolefromhomeandare
therefore behind arouter. Even smart phones andpads using 3G/4G serviceare behind a
router and have a non-public|P address assigned to them. Mostcable/internet providers
providea router which is connected to the outsidelineand allcomputersinthe house need to
connectto therouter beforethey go out to the Internet. The connectionmightbea physical
cableor awireless connection, butin any case everything goes through that router. Since the
normal gamer is using a residential internet service, they don’t geta unique PublicIP forevery
computer inthehouse. Instead all the computersin thehouseare on a private networkcalled
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a LAN. This way alltheinternal computers can sharefiles, printers, music andother thingsina
secureway. When anycomputer in the house needs to connect to the Internettherequest
goes through therouter. The computer’sinternal HW address is encapsulated in the packet,
andtherequestissentusingtheonePubliclPthatisontherouter. Totheworld allthe
computers inthe houseseemto bethesamebecausetheyall sharea single |P to theworld.
When a response comes backto the computer, therouter receives the packet andaccesses the
original internal HW address that was encapsulated in the original network packet. This allows
the router to return the network packet to the correct computer. Thisidea of encapsulating
the HW address into the packet and using a single shared IP to the outside world is known as
Network Address Translationor NAT.

Hopefully that made sense to everyone. You might wonder why you need to know or care.
Well the problem with a router is thatitalsoblocks all incoming trafficif it didn’t first originate
fromaninternal computer (similar to a firewall). That makes ithard to run ahome gaming
server andallow remote connections. You seethe GS can get outtothe MGS, butoncea client
establishesitself asa GS we need all theremote clientsto connecttoit. Todothatthose
remote clients need to tell the GS they wantto connect, but because of the router or firewall
thatis between the GS and the outside Internet, the clients probably can'treachit. That's
where NAT Punch Throughcan help and we’ll discuss that next.



NAT Punch Through / NPT

NAT Punch Through (NPT) isaway to getaround a firewall or router blockingincoming traffic; a
default configurationfor both. Most residential routers and firewallsallow outbound traffic but
notinboundtraffic except whereit’s a returnfroman original outbound request. In order to
hosta gameyou’ll need other game clients to connectto your gameserver. Unless they’reon
the samehome network they won’t be ableto reach you because of the router/firewall
blocking things, andthat’s where NPT comesin. NPT redirects the original outbound
connection fromthe GS that was used to connect to the MGS, and uses thatas a connection
sourcefornew clients. This waytheclients don’t haveto go directly to the GS, trying to open a
new connectionthrough the router orfirewall. Sincethe connection fromthe GSto the MGSis
already established, that same connection is used to connectall the Game Clients. When the
connection is established between eachclientandthe GS, the connection is a direct
connection, and doesn’t utilize the MGS for any additionalwork.

NPT doesn’t always work because some commercial routers andfirewalls will block NPT
redirection. These moreadvancedsystems seethenewinbounddataisfroma different
address (eachgameclient) than the original connection to the MGS, and therefore blockit. The
only other way to make a GS accessibleto the publicisto either makesureits|Paddressisona
public network, or reconfigure the router or firewall (Not covered inthis tutorial as every
router/firewallis a little different) to allow the trafficthrough. To geta publicIP usually
requires going to yourservice provide and obtaining a publicIP which youusually need to pay
for. Then you couldconfigurethe computer that will host the GS with this address. Unless
you’re a professional gaming company who is going to hostan MMOPG, this isn’t usually done.

To configuretherouter to allow newinbound connections is called IP/Port Forwarding, and
requiresa skilled person to login to the router and modifythe router to allow trafficfor a
specific port (whatever portthe gameserver is configured for) and configure the router to
redirect any new incoming connections thataren’talready associated to a computer to first
allowtheincomingrequestandsecondto redirect the requestto a specificcomputer in the
housethat’s already running the GS. This isn’thardto do, butyoureally don’t wantto require
your gamers to haveto deal with this. Alotof thetimeyour gamers either aren’tskilled in
networking and wouldhave no idea how to manually configure therouter, or they mightbe
kids and their parents control the router and won’tletthekidstouchitanyway. | won’tgointo
additional detail here as every routeris going to be a little different, and for most residential
systems NPT works justfine. | havea pretty complex home networkwith several layers of
routers,and NPT works fine for me. Mostconsoles such asan XBox 360 or PS3 use NPT as their
primary way of supporting multi-player games, sol wouldn’t worry much about |P/Port
Forwarding.



For our game we’ll be usinga MGS to provide a list of available Game Servers we canconnect
to. Eachclientwillbeableto decideifit wantsto join anexistinggameor hosta new game.
We'll automatically checkifour GSis onapublicor privateIP and attemptto connectdirectly
or using NPT automatically. If NPTis needed it'll automaticallyuseit, otherwiseit’ll usea direct
connect method.



General CodingOverview

Converting between C# and Java Script

| have a C/C++/C#/Java/lava-Script background (in that order) so I've decided to write all the
samplecodeinC#. | know for many, Java-Scriptis used becauseit’s consideredthe Unity3D
Scripting language. However, I’ve also been toldthere are some things you can’tdo in Unity

Java-Scriptthatyou candoin Unity C#. I’'m notsurewhattheyare, butl knowformel like C#

better so | choseto do everythinginC#. In either case both are convertedto somethinginternal
Unity can workwith, soneither is really using the native compilers anyway. If youprefer Java-

Scriptover C#it'sreally nota big deal to convert my code, and each class is fairlysmall with just
a few small methodsineach. The basicthingsto thinkabout when converting from C#to Java-

Scriptincludes:

1.

RPCcalls—“Remote Procedure Calls” allowone game client to talkto another (including
the gameserver itself)

o InC#use---[RP(C]

o InlJava-Scriptuse--- @RPC

. Variables Declarations

o InCHuse---floatthis_is_a_float_variable;

o InlJava-Scriptuse---var this_is_a_float:float;
Methods in C#are FunctionsinlJava

o InCHuse--voidsome_method_name(...);

o InlJava-Scriptuse—function some_method_name(...);
Foreach in CHuse “FOR” in JavaScript

O InC# use - foreach (HostData gs in data)
O InJavaScript use -- for(var gs:HostData in data)

. CoRoutines

o InCHuse---1Enumeratorasthereturnvalue

o InlJava-Scriptit’sautomatic

Yieldingina CoRoutine

o InCHuse---yieldreturnO;

o InlJava-Scriptuse---yield;

Required Components

o InCHuse--- [RequireComponent(typeof( {componentname} ))]

o InlJava-Scriptuse--- @script RequireComponent( {component name} )



Tags

Tags are a feature ofthe Unity3D editor that allow you to group certain objects together to make it easy
to find them or for performing specific game logic based on the tagsetting. If you choose any game
objectinthe scene thenlook at the top of the Inspector Window you’ll see two drop downs, one for Tag
and one for Layer. Tags are tricky to define at first for people new to Unity3D so | thought I’d take a
moment and explainit here. Toadd a Tag clickon the TAG dropdown then choose “Add Tag”. When
you click it you see what looks like the “Layer” editor. However, the first thingshown is the word tag
with a little arrow next toit. Clickingit drops down the tagand shows size =0. Change size to
somethinglarger. | use 20 to start. This will give you 20 new elements for tags. Click to the right of the
first one “Element 0” and enter “Projectile”. That’s it, we now have a “Projectile” tagthat can be used
to mark various objects.

Layers

Layers are used to optimize Rendering, Lightingand Collision and are a more advanced feature of
Unity3D that we won’t cover in this tutorial. In short you can use Layers to instruct the camera not to
render certain layers, or lighting not to light certain layers and even use it to control colli sion detection
so certain object might naturally pass through an object while others don’t.



Overview of our Networking Tutorial:

Demo Overview

Let’s take a few minutes now to thinkabout what we’re going to build. When | lookatsample
codethere’s nothing that frustrates me more than an overcomplicated sample thathas way
more functionality then | careabout, makingitreallyhardto follow the code and understand
what’s goingon. | don’twantto do thatto you, sowe’renotgoingto useanexistingdemo.
Instead we're going to develop a verysimple sample from scratch aswe go. I’ll explain what
we're doing each step of theway. Itwon’tbe pretty, butit's not meantto be. That'llbean
exercise for you when we’reall done, to make a real gamethatlooks niceand uses whatyou've
learned in thistutorial. Forour needs we'rejustgoingto keep itsimple.

Whatwe’ll build is a simple game with the following:

1. Wé'll createtwo levels
Firstlevel will be our Master Game Server Lobby Level
e We'll havea Create Server Button
o We'll havea text box to providea name for the newlycreated game, which
will bedisplayed for others to see as the name of an available gameto join.
e We'll havea listof available games and clicking on a game will join the game
3. Thesecond level will bethein-gamelevel
e Thein-gamelevel will start with a flat floorto walk around on.
e Theingamelevel will havea boxin the middle of the floorwe can bumpinto
e We'll createa couple pickups we can walk over to pickup
e We'll createa couple spawn areas for character spawning and a couple spawn areas
for pickupspawning
o The playerwill berandomly instantiated when youstartor joina gameatone of the
Spawn areas
e The playerwillbeableto shoota projectile at other players
e We'll providea hook forapplyingdamage butwe’ll leave theactual gamelogicto
you as an exercise

| think thatshould cover most of the basicelements necessary to giveyou an idea of how
networkinginunity works. From hereyou shouldbeableto go on and explore on yourown
and hopefully build some pretty amazing games. Remember to let me know how you do; I’d
loveto hear fromyou at http://www.3dmuve.com.

Basic Networking API's
An Application Programming Interface (API) is a set of programming commands we can use to
performspecificfunctions. When working with Unity3D they have many different API’s for
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differenttasks,andwe’ll be focused on their Networking API’s that are the specific set of
Unity3D commands for performing networking requests. Lower level languages suchas C/C++
usedifferent API’s that are muchmore complicated to setup and use, but provide a lot more
control. Unity3D simplified usingthese lower |level networking API’s by creating theirown
wrappers aroundthemand controllingsome of the lower level requirement whichwe don’t
need to burden ourselves with.

TCP vs UDP:

Both are networking API’s and TCP is probablythe most popularduetoitsuseingeneral home
networking and surfing the web. TCP provides manyadvanced features for error detection and
correction. It'swhat’s referred to asa lossless protocol, because it guarantees never to lose or
drop packets, and always keeps packets ordered. UDP on the other handhas no errorchecking
which makesita lotfaster, but proneto errors, lost packets or packets arriving out of order.
You mightexpectwe’d use TCP for games sinceit provides error checking, but this checking
makes TCP slow. Instead Unity3Dandother Network Gaming API’s create wrappers around
UDP.Thesewrappers canaddfeatures such as error checking; while atthe same time still
improve performance over TCP because they are purpose built for our needs instead of general
purpose. Ifweweren’tusingthe Unity3DAPI’s we’d haveto learnmuch lower level API calls,
which would take us a lotlongerto master. Unity3Dhas madeiteasyforus.

Unity3D Networking API’s

NetworkView

Before we get into coding in Unity | want to cover some basicfundamentals. Firstisthe
NetworkView Componentin Unity, found under Component/Miscellaneous. NetworkView
identifiesanobjectas beingableto send and receive network requests. Theserequests canbe
automated movement requests whichare handled by the NetworkView componentitselfusing
the Observed property, and via RPC calls (covered |ater)thatallow you to execute s pecific code
for an objecton a specificremoteclient (or allremote clients).

Let’s consider fora secondwhy NetworkView is so important. If we were using something
other than Unity3D suchas C/C++andwedidn’t have a NetworkView component then how
would wedirecta request to a specificobject on a specific remote client? We’'d havetosenda
requestto another client,and probably provide some sort of globalidentifier. Then that
remote client would have to loop throughall of its objects to seeif it finds a matching global
identifier andifitdoes, thenitknows whatobjectthe network request was targeted for. Thisis
a lotof work, and the beauty of using the NetworkView componentis that thisis done
automatically for us.



Any objectthat needs to be synchronized over the network needs to have a NetworkView
componentadded. Thereforeanyplayer characters will need a NetworkView andanyvehicles
they can getinanddrive, or objects they can pickup/drop. This alsoincludes weaponsand
projectiles. Whatdoesn’tusually need a NetworkView are things thatadd aesthetics to a scene
butdon’taffectgameplay suchas particles, a wavingflag or banner, rippling water, trees,
building, etc... Really anythingthatis static and doesnt moveand can'tbe destroyedor
animationsthatdon’t need to bein-syncacross clients such as particles or a waving flag.

viewID

A critical parameter to NetworkView is viewlD. viewlDis similar to the previously discussed
Global ldentifierthatis used to identify anobject on a remote client. Althoughwedon’t
normally haveto loopthrough themto find the object we’re looking for we still need to ensure
the valueissetcorrectly. If weinstantiatea new object using Network.Instantiate then viewlID
is automatically setfor us andfor any given objectit’ll have the sameviewID value on all
remoteclients. Alternatively, ifwecreatean object manually usingan RPC call alongwith a
local “Instantiate” call instead of Network.Instantiate, then we need to generate a value for
viewlD just once using “Network.AllocateViewID()” and then passthatvaluein the RPC call to
all otherremoteclients so they too canusethesamevalue on theirlocallycreated avatars
(copies).

Specific to NetworkView objects there are two ways to communicate changes between game
clients.

Observed

The firstwayis the default “Observed” property of the NetworkView, which is usually the
objectthe NetworkViewisadded to. Thisworksinconjunction withthe State Syncronization
property which tells the NetworkView if it should send updates for position and orientation
aboutthe “Observed” objector not,andifsoifitshouldbesentasreliable or unreliable.
Reliableensuresit’s delivered and inorder whereas unreliable says you can lose a packetand
it’s no bigdeal because the next packet replaces this packet anyway. Forexamplea death
packet mustgetthrough and notbedropped, buta position updatecanbelessaccurateasit’ll
justupdate with the newer position the nextrefresh cycle. Observed update packets aresent
and processed automaticallyandby default you don’t need to do anything with them.

Remote Procedure Calls (RPC)
The other way to communicate updates is to use a Remote Procedure Call (RPC) which is a way

to send specificcommands to s pecific players (orall players) and allows youto control what
detailedinformation gets sent. We’'lluse RPC's to do things such as instantiating a new player
or weapons fire, transmitting death or damage if the player needs to be rendered differently



when ittakes damage. Wecouldalsouse anRPC to signify somethingwas picked up or
dropped, a dooropened, or othertriggered events.

In our gamethefollowingobjects need a networkView. | don’tthink | forgotto tell you when
to add each networkView butincase | missed any, make surethese objects aresetcorrectly:

1. MasterServerMenu Objectinthe MasterGameServerLobby Level
2. TestGamelevel Level objects:

PickupSpawn Game Object
BallPickup Prefab
Player Prefab

Spear Prefab

Instantiating a Networked Object

Toinstantiatea new object we could use Network.Instantiate, but | don’tlikeit under all
circumstances because we can’'t provide anydetails other than the type of object, location and
orientation. Most of thetime we’ll have other informationsuchas parent object, object name,
maybe something about the health, currentinventory, currentteam or allegiance, etc...
Therefore we’ll instantiate everything usinganRPC call sowe can control things more
completely.

We'll be developing a hybrid GS/peer-peer model as described above. We'll have some objects
thatarepartofthesceneandcontrolled by the GS, then each player willcontrol itself.

Building our Game:

Let’s start by creating a new project using File/New Project. When you create the new project
choose “Standard Assets (Mobile)”. That’s justso we have sometextures we canuseto fill our
scene. | usethe 2x3 screen layout, choose-ableinthe upper right corner of the screen.

So nowyou havean empty scene. Firstthingsfirst, let's namethescene. Callit

“TestGamelevel”. Use “File/Save Scene as” to savethelevel.

Building the Game Level:
Let’s createa new planethatwill beour floor:

Creating the Floor
1. Use“Game Component/Create Other/Plane”.

2. Nowrenamethe Game Componentto “Floor”
3. Now with the Floor chosen in Hierarchy view go to the Inspector and changethescale
to (1000,0,1000). Leave the positionandrotationsetto all zeros.



Now expand the “Standard Assets (Mobile)” Folder underthe Project Window then
expand the sub folder “Textures”

Now dragthe “Grid” textureand drop iton thefloor plane so we canbetter see the
floor

Great, we now havea floor. Ok, nextlet’s drop a BOX into the center of thefloor:

Creating the Scenery:

1.
2.
3.

7.

Use “Game Component/Create Other/Cube”
YoucanrenameitifyouwantbutleavingitCubeworksfine

With thecubeselected inthe hierarchy view change the scalein the Inspectorview to
(300,300,300)

Position the cubeat(0,150,0). This will putit perfectly on thefloor,in thecenter.

Now expand the “Standard Assets (Mobile)” Folder underthe project area then expand
the sub folder “Textures”

Now dragthe “JoystickThumb” textureand drop iton the cube sowe can better seeit.
Reallyanytexture can beused, but!’vejust pickeda coupleincluded with the engine by
defaultto makethings easy

Make surethe Box Collider on the Cubeis positionedat(0,0,0) and sizedat(1,1,1)

Creating the Player Character
Now we’ll create a player character veryeasily:

1.

0O No v kW

Firstlets choose “Game Object/Create Empty” then rename the new Game Objectto

“Player”

Now put the “Player” at (0, 30,-300), rotation at(0,0,0)andscaleat(1,1,1). Thissetsthe

player to be nexttoandlookingatthecube

Lets create a player body simply by choosing “Game Object/Create Other/Capsule”

Dragthe “Capsule” into the Player

Renamethe “Capsule” to “PlayerBody”

Makesurethe positionfor the “PlayerBody” is setto (0,0,0)

Set the PlayerBody scaleto (15,30,15) androtationto (0,0,0)

Changethe “PlayerBody” Capsule Collider to radius=1 and height=2. This will properly

cover our player

Now let’s add a rigid body to the player. Thisis so we’ll properly collide withthe box and

other objectsin thescene, and not pass right through them, and properly slide around

them.

a) Firstchoosethe “Player”inthehierarchy, notthe “PlayerBody”

b) Next Choose “Game Component/Physics/RigidBody”, to enable physics on our
player soitcorrectlyreactsto gravity andcollisionwith other objects.



10.
11.

12.

13.

Player

14.

c) The “Player”isnotasbigor heavy asthebox so changethe following properties in
the RigidBody:

o Mass=10

o Drag=5

o AngularDrag=2

o Under the constraints dropdown change “Freeze Position” andactivate the

“Y” and change “Freeze Rotation” andactivate Xand Zso when we do collide
we remain solidly on thegroundanddon’t twist and fall or float away.
Now dragthedefault “MainCamera” intothe player object
Changethe Main Camerato be positionedat(0,150,-250) this placesitslightly above
and behindour player.
Now with the Camera selected choose the “ROTATE” widgetin the upper left hand
corner andslightly rotate the cameradownsoit’s looking towards the player butin
frontoftheplayer. For metherotationisat(7.436944,1.77822,0)
Now we need to add some specialnetworking code to the player. Sincethe player
object will be moving and we’ll need to track andcoordinate those moves overthe
network, we’ll need to add a network component to the player. Thisisthe
networkView, and any object needingto besynchronized over the network needsits
own networkView. Also, the networkView.viewlID is a unique value for anobjectthatis
consistent for the objecton all clients. Thisis how send/receive commands know what
objectthey’retargeted at. If we’reon theclient where we have a local player moving
and we wantto update theremoteclients withthe movement, the networkView
componentdoes the work forus, and it uses viewlDto know whichremote player
avataron each remoteclient should be updated.
a. ToaddthenetworkView componentchoose “Component/ Miscellaneous /
NetworkView”

Controller:
We'realmostdone withour playerbutitcan’t moveyet; we haven’tadded player

controls. We coulduse one of the available player control scripts but | prefer to write
my own and keep things really simple. Let’s do that now:
a. Rightclickina blankareainthe “Project” Window and choose “Create/Folder”
b. Namethe Folder NetworkSampleCode
c. Nowrightclick onthe new folder and choose “Create/C# Script”. You could use
Java Scriptbut| prefer C#. If you chooseJava Scriptyou’ll need to change a few
things such as variable declarationand using @rpcinsteadof [rpc].

See here for more details on converting between C# and Java Script.
d. Namethe newscript “PlayerController”
e. Doubleclickonthenewscriptto open the Unity3D MonoDevelop Editor/IDE



f. Nowfor our player control here’sthe code. Thecodeis fairly well commented so
hopefully it'll make senseto you. Thisisjusta very simple controller script to
read WSAD key presses and update the player accordingly based on the key
presses:

Player Controller Code:

using UnityEngine;
using System.Collections;

public class PlayerController : MonoBehaviour {

// Use this for initialization
void Start () {

// Update is called once per frame
void Update () {// Process the keyboard input for moving/turning every frame

ProcessForwardMove();
ProcessTurnMove();

}

void ProcessForwardMove()

{

// When moving Forward or Backward we'll move along the Z axis, so we TRANSLATE

// along X, Y and Z with X and Y =0 and Z the amount we want to move.

// In this sample we want to move 100 units a second, so we multiply that by Time. deltaTime
// to get how much we move in the frame.

// Ideally instead of hardcoding the 100, we should make it a variable but I'm trying to keep
// things simple.

// In unity positive Z moves forward, so to move backward we just use a -Z value

if (Input.GetKey(KeyCode.W) ) // Press or Hold W to move forward
{

transform.Translate(0,0, 100 * Time.deltaTime);

}

if (Input.GetKey(KeyCode.S) ) // Press or Hold S to move backward
{

transform.Translate(0,0, -100 * Time.deltaTime);

1

}

void ProcessTurnMove()

{
// When turning Left and Right we'll rotate along the Y axis (up/down axis), so we ROTATE

// along X, Y and Z with X and Z =0 and Y the amount we want to turn.

// In this sample we want to move turn units a second, so we multiply that by Time.deltaTime
// to get how much we turn in the frame.

// |deally instead of hardcoding the 100, we should make it a variable but I'm trying to keep
// things simple.




// A left turn is a negative rotation and a right turn is a positive rotation

if (Input.GetKey(KeyCode.A) ) // Press or Hold Ato turn Left

{

transform.Rotate(0, -100 * Time.deltaTime, 0);

}

if ( Input.GetKey(KeyCode.D) ) // Press or Holda D to turn right

{

transform.Rotate(0, 100 * Time.deltaTime, 0);

}
}
}

g. Hopefully that made sense and wasn’t too difficult. Now saveit, clicking savein
the upper left cornerthen return to the Unity3D Level Builder.

h. Nowinthehierarchyclick onthe “Player”

i. NowDragthePlayerController scriptinto the Inspectorfor the “Player” atan
open area atthebottom

j. Ifnoerrors weshouldhavethings looking something like this
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k. Let's go aheadandtestthegameso far. Firstchoose File/Save Project and
File/Save Scene

I. NowclicktheBlackarrow atthetop center of thescreen thatlooks likea VCR or
taperecorder play button (I guess I’'m showing my age :J)

m. Using WSAD youshouldbeabletowalkaround thescene. Try walkinginto the
block and you shouldsmoothly slidealongthe side of ituntil yougetaround it.




Player Spawn Area:
Now we’ll create the player spawnarea. Forthis and the pickup spawn area, I’'m not going
to do a lotof explaining because thisis all general Unity3D level creationsteps. I'll take
timeto explainthe details when we getinto more of the network code specifics.

1. WEe'll create2 Player Spawnareas:
a. ChooseGameObject/Create Empty
Renamethe Game Objectto “PlayerSpawn”
Position “PlayerSpawn” at(0,0,0)
Choose Game Object / Create Empty
Renamethe Game Objectto “PlayerSpawn1”
Position “PlayerSpawnl” at(500,30,500)
Repeatsteps 1-3 but call this “PlayerSpawn2”
Position “PlayerSpawn2” at (-500,30,-500)
i. NowDragboth PlayerSpawnlandPlayerSpawn2into PlayerSpawn
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Pickup Spawn Area:
Now we’ll createthe pickup spawnarea.

1. We'll create 2 Pickup Spawnareas:
a. Choose Game Object/Create Empty
Renamethe Game Objectto “PickupSpawn”
Position “PickupSpawn” at(0,0,0)
Choose Game Object / Create Empty
Renamethe Game Object to “PickupSpawn1”
Position “PickupSpawnl” at(500,15,-500)
Repeatsteps 1-3 but call this “PickupSpawn2”
Position “PickupSpawn2” at (-500,15,500)
i. NowDragboth PickupSpawnlandPickupSpawn2 into PickupSpawn
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2. Nowadd a networkView component to the PickupSpawn using “Component /
Miscellaneous / Network View”
3. Nowwe’ll need a prefab to spawnandpickup
a. Createa newsphereusing “Game Object / Create Other /Sphere”
b. Renametheobjectto BallPickup
c. Positiontheobjectat(0,0,0)
d. Changethescaleto(10,10,10)
e. Nowgo tothe Project Window, right clickon an openarea and choose “Create /
Folder”.
f. CalltheFolder“PreFabs”



g. Now Dragthe “BallPickup” Sphere we just created fromthe hierarchy viewanddrop

itonto the “PreFabs” Folder
h. Nowrightclick onthe “BallPickup” inthe hierarchy window and choose “Del ete”

We'rejustaboutready to startadding the networkingcode. Onelastthing let’s movethe
“Player” objectto a PreFabanddeletethe “Player” from the scene hierarchy. Doing this will
makethelevel non playableasthecameraistied to the player so wewon’thavea functioning
level anymore. However, sincethe camerais associated to the playerwe’ll befineoncethe
player isinstantiated into thescene. We could choose to havea temporary cameratoshowa
partofthesceneand when the playerisinstantiated just disable the temporary cameraand
enablethe player camera, butfor this tutorial we'll keep it simple andjust have the one player
camera.

Okyou’redoinggreat. You'recurrentlevel should nowlook something like this:

‘‘‘‘‘

_ There are 2 sud liteners in the s Inthe scene.

At this pointlet’ssavethislevel. Itshould alreadybe called TestGamelevel. If youdidn’t
already saveitinthebeginning makesuretosaveitnowandcallit “TestGamelLevel”



Overview of Networking Classes we’ll create for our Demo

Ok so now we wantto get started with networking so first we'l | create a new scene and this
scene will function as our Master Game Server (MGS) Lobby, where we’ll pick agame fromthe
listor starta new game. Choose “File / New Scene”. Now let’s savethissceneas
“MasterGameServerLobby”, using “File / Save Scene as”.

NOTE: Before I forget, let’s make sure we add our two scenes to our project, so with
“MasterGameServerLobby” opened (double click on the scene in the Project Window) go to
“File / Build Settings” and choose “Add Current”. Ok now double click back on
“TestGamelevel” to reopen it and add it at the next (second) level in our project using “File /
Build Settings” and choose “Add Current”, Great, now we can reload
“MasterGameServerLobby”, so do that now by double clicking on it in the Project Window.

Next we're going to create somescripts andassociate those scripts to thelevel. Belowisthe
code fullycommented so hopefullyyou’ll be able to understand what’s going on. Before we get
to the codelet me explainthevarious modules:

1. NetworkMasterServer —The NetworkMasterServerscriptdoesa few things butthe
mainthingsitdoesistoshowthe MGS Lobby Menu andperformthe selected actions.
Italsohasthetestconnectioncode whichis usedto determineif NAT Punch Through
(NPT)is requiredandif so pass the appropriate parameters to makeit happen

2. NetworkLoadLevel —As its nameindicates, thisis whereweloadthelevel, but we do so
properlyfor a networked level, so we properly manage networkstate, then once the
level isloaded we alsosenda message to spawnall our playersintothe new level.
Consider a player joinsagameandtherearealready5 other playersinthegame. It's
not enough to spawn just the new player, we need to alsoinstantiate the other 4
players appropriately into ourscene, and any other networked objects such as vehicles
or projectiles, etc...

3. InstantiatePlayer —Herewe actuallytake care of instantiatingthe player and cleaning
up the player when a remote player disconnects

4. NetworkRigidBody —This handlesthe prediction and smoothingfor anobjectthatisa
remoteavatar. We'll receive periodicnetwork updates on the objects current position
and orientation, and we’ll use NetworkRigidBody to smooth the transition from the
currentlocationto the new.



5. PlayerSpawn —When theInstantiatePlayerscriptinstantiates a player we need to do
several things. Inshort, ifthe player beinginstantiated is the local player then we need
to ensurethe camerais configured as enabledandif we'refirst personwe might want
to makesurethings likea HUD are properly enabled, and the player model is not
enabled. Wealsoneed to makesureplayer controlis enabled sowe can control the
player.

However, if the player beinginstantiated is a remote avatarthen we need to make sure
the camera is disabledsince we only want the local player managing the camera. We
alsoneed to makesurethere’sno HUD, but we DO wantto render the player model.
Wealsoneed to makesureplayer controls are disabledfor this remote avatar so we
don’taccidently control it when we’re controlling our own local player. Finally we’ll
wantto enable predictionandsmoothing for the network updates we do receive.

6. BallSpawnManager — This controls spawning a group of balls that canbe picked up,
carried and thrown at other players.

7. BallController —This isassociated with thelocal player,and monitors the player
colliding with a ball to pickitup or pressing the fire buttonto throw a ball if the playeris
carryingone. Onlya local player can throw a ball, nota remoteavatar. WeuseanRPC
to appropriatelyupdate all theremote avatars, soall clients see the ball being thrown.
To throw the ball we applya forceto the physics component of theballand let the
physics enginedo therest. Weonly apply theforce on the original ball, nottheremote
ballavatars, andwe let the NetworkRigidBodyscript properlyupdate the ball movement
on the other clients.

We could makean argumentto leteach client manage the ball navigationonits own
and handlethe collision onits own, but still only apply damage based on the owning
clientof theobjectthatwas hit. This would reduce networklag which can be more
obvious with a fast moving object such as a missileand theresults to theend user
probably wouldn’t be noticeable unless they have their monitors right nextto each
other. Sinceour ball doesn't move that fast we’ll relyon NetworkRigidBody to update
the ballon the other clients, primarily so you canlearnthe technique.

e Ifyouchooseto leteach clientupdate the ball then you’ll need to disable
NetworkView:Observed and NetworkView:State_Synchronization, and also disable
NetworkRigidBody which we currently toggle on/off in code so you’ll need to search
outall reference to it pertaining to the ball and remove it. Finally instead of applying



force just on the local playerthrowing the ball, you’ll needto apply the force on all
clients.

BallManager — The BallManager is responsible for detecting ball collisionwith a player
when the ballisthrown, to instillproper damageto the hitobject. Italso takes care of
respawning a ball after it’s thrown and various timers to manage how long to wait after
arespawnbeforeit’s okayto pickup a ballandanauto destruct/respawn on a ball after
it’s thrown but doesn’t hitanother player.



Analysisand Code of each Network Class

NetworkMasterServer:
Therearea few important commands to understand inthe NetworkMasterServer:

Network.InitializeServer isthe main command to use when you wantyour clientto becomea

Game Server (GS). When you create a server youspecify the number of allowed client
connections, the network port to listen on for new connections, and whether NPT is permitted.

Network.InitializeServer(
number_of allowed_clients,
serverPort,
allow_NAT_Punch_Through);

MasterServer.RegisterHost is used after you create yourself asa GS, then theregister host
goes back to the Master Game Server to tellityou’renowa GS. This way your GS will show up
as anavailable choice to other clients.

MasterServer.RegisterHost(
gameType,
gameName,
gameDescription);

Network.Connect is used onanon-GSclientwhen thatclienthasselected a GSfromthe
availablelistand decides to jointhe game. If the GS selected has useNat, then you should
connectusingtheguid of the GS. Ifthe GS doesn’t have useNat then you should attempt to
connectdirectlyusingthe GS’s IP address and the GS’s listen port.

// Directconnectto a GS
Network.Connect( gs.ip, gs.port);

// Use NPT to connectto the GS
Network.Connect( gs.guid);



ClearHostList will clearthelocal arrayof available game hosts. It'sa good idea to periodically
refresh thelistsoyou aren’t dealing with stale data

MasterServer.ClearHostList();

RequestHostList is used to pull a list of available Game Servers from the MGS. You specifythe
gametypeandretrieve GS’s forjust that type

MasterServer.RequestHostList (gameType);

PollHostList is used to extractthelist of available gameserversinto alocal array for
processing. Usethisto getthe listanddisplay the screen display list, allowing any to be chosen.
| prefer to show the Game Name, Game Descriptionand Active vs Maximum allowed players.
You can chooseto get moreadvanced and alsoshow ping orlatency informationandsort
lowestto highestso agamer canchoosea GS closest to him to minimize LAG.

MasterServer.PollHostList

Createa new c#file under your NetworkSampleCode folderandcall it NetworkMasterServer.
NetworkMasterServer code

Here’s a full sample of the codein use. Saveitinto the NetworkMasterServer code file you just
created:

// You can just copy and paste this entire function and use it as is.
// However, some of the GUI menu items will need to be customized with the proper game name such as:
// gameType and the string: "Your Game Title Here"

using UnityEngine;
public class NetworkMasterServer : MonoBehaviour {

// Keep track of various menu and ingame states
public enum menustate

{

networklobby, //Master Game Server Lobby
ingame, // Ina game as either the GS or Client

}

public menustate gamemenustate = menustate.networklobby;

// NOTE: gameType is used to distinguish your game from any other game that might

// also be registered to the MGS. | also like to add a version number as part of the
// game type. This way as you release new version, the client will have to match the
y/4 same version in order to connect

public string gameType = "SampleUnityNetworkingDemo_v1.0";




// NOTE: gameName is an arbitrary name that will show in the game lobby so other players
// find and distinguish your game from another. We also add a text box so the

// game client can customize it before creating a new game

private string gameName = "LetsPlay";

public int serverPort = 25002; // The port must be unique to the GS and not conflict with other
// apps running on the game server. This is how clients will

// connect to the GS

// NOTE: The rest of the variables below are various attributes used to automatically refresh
// the discovered game servers, and to keep track of the testing and results when

// checking to see if NPT is required

private float lastHostListRequest =-1000.0f;

private float hostListRefreshTimeout = 10.0f;

private ConnectionTesterStatus natCapable = ConnectionTesterStatus.Undetermined;
private bool filterNATHosts = false;

private bool probingPubliclP = false;

private bool doneTesting = false;

private float timer = 0.0f;

private string testMessage = "Testing NAT capabilities";

public GUIStyle format = new GUIStyle();

private bool useNat =false;

// Enable this if not running a client on the server machine

// MasterServer.dedicatedServer = true;

void OnFailedToConnectToMasterServer(NetworkConnectionError info) {
//Debug.Log(info);
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void OnFailedToConnect(NetworkConnectionError info) {
//Debug.Log(info);
}

void OnGUI () {
ShowGUI();
1

void Awake () {
DontDestroyOnLoa d(this);

// Start connection test
natCapable = Network.TestConnection();

// What kind of IP does this machine have? TestConnection also indicates
// this in the test results
//if (Network.HavePublicAddress())

// Debug.Log("This machine has a public IP address");
//else
y/4 Debug.Log("This machine has a private |P address");

// The game can have several menus and states, so | like to use
//an enum to keep track of what state we’re in. Inthis case we’re




//in the MGS lobby
gamemenustate = menustate.networklobby;

}

void Update() {

// If test is undetermined, keep running

if (IdoneTesting) {

TestConnection(); // Testing is to evaluate the IP's of the client and server to determine if
// we need NPT to connect

}

if (Time.realtimeSinceStartup > lastHostListRequest + hostListRefreshTimeout)

{

MasterServer.ClearHostlist(); // Clear the current local list of GS's prior to refreshing it
MasterServer.RequestHostList (gameType); // Get an update list of available GS's from
// the MGS

lastHostListRequest = Time.realtimeSinceStartup;

//Debug.Log("Refresh Available GS List");

1

}

// Test Connection is used to check the connection to the Game Server (GS) to determine if it's behind a
// router/FW with a different public IP and private IP. This helps us determine if we need to try using NAT
// Punch Through to connect Network.useNat will be set based on the tested findings. This is used on the
// client to figure out how to connect On the GS we check INetwork.HavePublicAddress() and pass it into
// the MGS when we register so it know if NPT is required

void TestConnection() {

// Start/Poll the connection test, report the results in alabel and react to the results accordingly
natCapable = Network.TestConnection();

switch (natCapable)

{

case ConnectionTesterStatus.Error:

testMessage = "Problem determining NAT capabilities";
doneTesting = true;

break;

case ConnectionTesterStatus. Undetermined:
testMessage = "Testing NAT capabilities";

doneTesting = false;

break;

case ConnectionTesterStatus.PubliclPls Connectable:
testMessage = "Directly connectable public IP address.";
useNat = false;

doneTesting = true;

break;

// This case is a bit special as we now need to check if we can
// use the blocking by using NAT punchthrough

case ConnectionTesterStatus.PubliclPPortBlocked:
testMessage = "Non-connectble public IP address (port " +
serverPort +" blocked)," +

" running a server is impossible.";




useNat = false;

// If no NAT punchthrough test has been performed on this public IP, force a
// test

if (!probingPubliclP)

{

//Debug.Log("Testing if firewall can be circumvented");
natCapable = Network.TestConnectionNAT();

probingPubliclP = true;

timer = Time.time + 10;

1

// NAT punchthrough test was performed but we still get blocked
else if (Time.time > timer)

{

probingPubliclP = false; // reset

useNat = true;

doneTesting = true;

1

break;

case ConnectionTesterStatus.PubliclPNoServerStarted:
testMessage ="Public IP address but server not initialized," +
"it must be started to check server accessibility.” +

“ Restart connection test when ready.";

doneTesting = true;

break;

default:

testMessage = "Error in test routine, got" + natCapable;

if ( string.Compare("Limited",0,natCapable.ToString(),0,7) ==0)
useNat = true;

doneTesting = true;

break;

} // end switch

//Debug.Log(testMessage);

}

// Here we paint the menu screen so the player can choose to join a game or start a new game
void ShowGUI()

{
//in the AWAKE method we used: DontDestroyOnLoad(this);

// so when we load our game level this ShowGUI is still running
// so here we can see what menu we should be showing and display the appropriate menu

// When we're ingame we want to show a Disconnect button to quit the game
// and return to the lobby

if (gamemenustate == menustate.ingame )

{

if (GUI.Button (new Rect(10,10,90,30),"Disconnect"))

{

Network.Disconnect(); // Tell all the other clients you're disconnecting
MasterServer.Unregiste rH ost();

gamemenustate = menustate.networklobby;

// Return to the Master Game Server Lobby

// because we pressed disconnect
Application.LoadLevel("MasterGameServerLobby");




1

}

else //ensure we're in the lobby, and not off somewhere unexpected
if (gamemenustate == menustate.networklobby )

{

if (Network.peerType == NetworkPeerType.Disconnected)
{

format.fontSize = 28;

GUI.Label(new Rect(((Screen.width/2)-80) * 0.2f,
(Screen.height/2)-200,

400,

50),

"Your Game Title Here",

format);

gameName = GUI.TextField(new Rect((((Screen.width/2)) * 0.2f)+200,
(Screen.height/2)-100,

200,

30),

gameName);

// Start a new server

if (GUI.Button(new Rect(((Screen.width/2)-100) * 0.2f,
(Screen.height/2)-100,

200,

30),

"Start Server"))

{

// If start server is chosen then we want to initialize ourselves as a

// server and then register with the master server so other players will
// see us as a choice in the list of game servers

// We'll use Network.InitializeServer to enable our Game Server (GS)
// functionality but first we need to determine if we'll require clients to
// connect to us directly or by using NPT.

// The first two parameters to InitializeServer are how many clients can
// connect and the port to use The port needs to be unique, but on

// desktop/laptop pc's it's not usually an issue as there aren't a

// lot of network listeners running to contend

// Once the game starts you can consider using

// Network.maxConnections to stop any new players from connecting

if (doneTesting ) // If done testing use the more thorough results of
// the testing to setup the server

Network.InitializeServer(32, serverPort, useNat );

else // otherwise setup the server and specific NPT based on

// public/private P this is not as accurate as the full test, but is

// sufficient for most needs

Network.InitializeServer( 32,

serverPort,

INetwork.HavePublicAddress());

MasterServer.updateRate =3;

MasterServer.RegisterHost( gameType,




gameName,
"This is early network testing for my game");

}

// Extract the list of available GS's into a local variable array for processing
HostData[] data = MasterServer.PollHostList();
int _cnt =0;

// Loop through all the available GS's provided by the MGS and
// display each one so we can choose one to joing

foreach (HostData gsin data)

{

// Do not display NAT enabled games if

// we cannot do NAT punchthrough

if (!(filterNATHosts && gs.useNat) )

{

// Build a name string to use for displaying the GS in the list
string name=gs.gameName + "-"+ gs.comment +" (" +
gs.connectedPlayers +" /" +gs.playerLimit +")";

if (GUI.Button(new Rect(((Screen.width/2)-100) * 0.2f,
(Screen.height/2)+(50* _cnt),

600,

30),

name ))

{

// Enable NAT functionality based on GS host
// we're connecting to

useNat = gs.useNat;

if (useNat)

{

print("Using Nat punchthrough to“ +

“ connect");

Network.Connect(gs.guid);

1

else

{

print("Connecting directly to host");
Network.Connect(gs.ip, gs.port);

}

e o e e

Now thatyou’ve created a new scriptlet’s go back to our MasterGameServerLobby Level,
which should justhavea singledefaultcamerain it. Now create a new empty game object




using “GameObject/CreateEmpty” andthen rename the new GameObject to
“MasterServerMenu”.

Now let’s add a NetworkView component to the MasterServerMenu. This will enable
networking forus. To do so choose “Component/Miscellaneous/Network View”.

Good, now wewantto also add the NetworkMasterServer script to thesame
“MasterServerMenu” we just created, so with MasterServerMenu selected in the “hierarchy’,
dragand drop the NetworkMasterServer script fromthe Project Window to a blankspotin the
“Inspector” windowof the MasterServerMenu.

If we now run thislevel we’ll seethe menu selections, but we can’tdo much with it beyond that
yet.



NetworkLoadLevel:
NetworkLoadLevel is where we perform the actuallevel load, along with maintaining proper
statewithintheclientand appropriatelyspawningour playeroncethelevel isloaded.

Let's add “NetworkLoadLevel” to our scene. Solet’s createa new class by rightclicking on the
NetworkSampleCodein the Project area and choosing “Create / C#script”. Name the new script
“NetworkLoadLevel”.

Now let’s associate the new script to the scene by choosing “MasterServerMenu” inthe
hierarchy window for the “MasterGameServerLobby” level, and drag our NetworkLoadLevel
scriptinto an empty sectionin the Inspector Window.

Now we shouldsee three components associated to the “MasterServerMenu”

1. NetworkView
2. NetworkMasterServer
3. NetworkLoadLevel

The commands that areimportant to understand hereinclude:
networkView.RPC( “LoadLevel", RPCMode.AllBuffered, "test", lastLevelPrefix +1);

The RPCcommandsends a request to run the “LoadLevel” method (or functioninjava), which
as its nameindicates will load the level requested. As previously discussed anRPCis used to
send commands to remote players or just the game server. Those remote commands then
performa local action, butin generalit’s being performed equally on all clients.

The next parameter “RPCMode.AllBuffered” does two things. Firstthe “All” indicates allclients
receivethis request, including thelocal client sending the command. Therefore, we don’talso
load thelevel manually. Instead we'll receive the network request telling us to loadthe level
andloaditjustlike everyoneelse. Theother part of thecommandisthe “Buffered” whichtells
the Game Server to hold onto thecommandandrerunthecommand foranynew clients that
connect. Thisis useful for initializing new objects suchasloading a level or creating a new
object.

The remaining parameters are sent to the “LoadLevel” method and will reflect whatever
parameters that method needs. In this caseit’s the name of thelevel to load and a level prefix.

LoadLevel
For good measure we disable sending network packets and message queuing while we loadthe
new level. Thisisto prevent picking up objects fromtheoldlevel that we'retrying to getrid of



as partofloadingthenewlevel. Oncethelevel is successfully loaded we’ll reactivate both
sending of network packets and message queuing. Note: We use “yield” to just give a little
timeto ensurethelevel completed loading successfully before we active the networking again.

The level prefix is used to set the network level prefix using
Network.SetLevelPrefix(levelPrefix); This ensures that we don’t receive ghosts from another
level and objects are properly filtered so we onlysee what belongsin the current level.

The lastimportant thing we do in NetworkLoadLevel is send a command to the level’s Player
Spawn areatellingitto instantiate our new player. Now let’s think about the flow for a minute.

1. The RPCtoloadtheleveliscalled once by the GameServer to load thefirstlevel

2. This RPCtoloadthelevelisstored asa Buffered requestso allnew clients connectingwill
alsoreceivea “LoadLevel” event.

3. Aseachclientloadsitslevelitthen needs to load its local player character.

a. Weaccomplish this by using
SendMessage(" InstantiatePlayerOnNetworkLoadedLevel",
SendMessageOptions.RequireReceiver); which sends a local message to the
InstantiatePlayer class which is attachedto the PlayerSpawn area. We haven’t
actuallysetup the InstantiatePlayer script to the spawn object yet, so we’ll explain
this in more detail shortly.

4. The “InstantiatePlayerOnNetworkLoadedLevel” method performs the playerinstantiate by
calling Network.Instantiate which willinstantiate this player on all clients.

a. Sinceeach clientonlyloadsitslevel once we only call the local
“InstantiatePlayerOnNetworklLoadedLevel” once for each client, which is what
creates thelocal player on that client

b. Sincetheplayeriscreated witha Network.Instantiateit’ll be bufferedon the GSand
then also called on all other clients to instantiate the remote player avatars.

NetworkLoadLevel code

Here's a full sample of thecodein use. Saveitinto the NetworkLoadLevel code fileyou just
created:

using UnityEngine;
using System.Collections;

[RequireCompone nt(type of ( NetworkVie w))]

public class NetworkLoadLevel : MonoBehaviour {

// Keep track of the last level prefix (increment each time a new level loads)
private int lastLevelPrefix = 0;




private NetworkMasterServer mgs;

void Awake () {

// Network level loading is done in a seperate channel.

DontDestroyOnLoa d(this);

networkView.group = 1;

//Application.LoadLe vel( "EmptySce ne");

mgs = GameObject.Find("MasterServerMenu").GetCom ponent<NetworkMasterServer>()
as NetworkMasterServer;

}

//void OnGUI () {

void Update() {

// When the server is started then issue a "LoadLevel" RPC call for the local GS client
// to load his own level then also buffer the LoadLevel request so any new client that
// connects will also receive the "LoadLevel"

if (Network.peerType != NetworkPeerType.Disconnected &&
mgs.gamemenustate == NetworkMasterServer.me nustate.networklobby &&
Network.isServer )

{

// Make sure no old RPC calls are buffered and then send load level command
Network.RemoveRPCsl nGroup(0);

Network.RemoveRPCsl nGroup(1);

// Load level with incremented level prefix (for view IDs)

// NOTE: The RPCMode.AllBuffered sends the request to all clients,

//including the client sending the request. Also, the Buffered command

// tells the game server to hold onto the RPC command and also

//  send it to any new clients that connect. This is important for level

// loading or player instantiation so we make sure all objects are correctly

// created on all clients, but would not be used for example to indicate a

// death as the new client would never have seen the player in the first place and
//  therefore doesn't need to see the death.

networkView.RPC( "LoadLevel",

RPCMode.AllBuffered,

"TestGamelLevel",

lastLevelPrefix + 1);

}
}

[RPC]
IEnumerator LoadLevel (string level, int levelPrefix)

{
// If we already loaded the level don't load it again

if (mgs.gamemenustate != NetworkMasterServer.menustate.ingame )

{

mgs.gamemenustate = NetworkMasterServer.menustate.ingame;
//Debug.Log("Loading level " +level +" with prefix " + levelPrefix);

lastLevelPrefix = levelPrefix;

// There is no reason to send any more data over the network on the default channel,
// because we are about to load the level, because all those objects will get deleted
// anyway

Network.SetSendingEnabled (0, false);




// We need to stop receiving because first the level must be loaded.
// Once the level is loaded, RPC's and other state update attached to
// objects in the level are allowed to fire
Network.isMessageQueueRunning = false;

// All network views loaded from a level will get a prefix into their NetworkView!D.
// This will prevent old updates from clients leaking into a newly created scene.
Network.SetLevelPrefix(levelPrefix);

Application.LoadLevel(level);

yield return 0; //new WaitForSeconds (1);

yield return 0; //new WaitForSeconds (1);

// Allow receiving data again

Network.isMessageQueueRunning = true;

// Now the level has been loaded and we can start sending out data
Network.SetSendingEnabled (0, true);

// Once the level is loaded we then need to instantiate our local player. To do that we
// could use Network.Instantiate, but that only lets us send

GameObject go = GameObject.Find("PlayerSpawn");

InstantiatePlayer io = (InstantiatePlayer)go.GetComponent(type of(InstantiatePlayer));
io.SendMessage("InstantiatePlayerOnNetworkLoadedLevel",
SendMessageOptions.Require Receiver);

}
}

void OnDisconnectedFromServer () {

// If we lose the connection to the server then return to the Master Game Server Lobby
Application.LoadLevel("MasterGameServerLobby");

}
}

If you haven’tdoneso yet, NetworkLoadLevel needs to be associated to the MasterServerMenu
objectinthe MasterGameServerLobbyLevel. Pleaseloadthe MasterGameServerLobby level,
then choosethe MasterServerMenu inthe Hierarchy, then drag and drop the
NetworkLoadLevel script from the Program Window to a free areainthe Inspector Window.




InstantiatePlayer

Fantastic, | hopeyou’re gettingeverythingso far. If not please go back and rereadsome of the
moresubtledetails bothin this tutorial andin the code comments. It'simportantto
understandeverythingup to this point.

Now we’ll work on the InstantiatePlayer code discussed above.
Before we instantiate the player we need to enable networking for the player:

1. PickthePlayerprefabintheProjectview then choose “Component/Miscellaneous /
Network View” to add the networking to the player.
2. WealsoneedtheBallPickupto bea networked objectsolet’s do the samething for the

BallPickup, choose “Component/ Miscellaneous / Network View” to add the networking
to the BallPickup.

The InstantiatePlayer code needs to be associated to the right objectinourscene. Firstlet’s
createa new c#file by right clicking on NetworkSampleCodein the Project Window and
choosing “Create / C#Script”. Namethis new script “InstantiatePlayer”.

Now let’s open the “TestGamelevel” (not the MasterGameServerLobby) level then choose
“PlayerSpawn” in the hierarchyview. Now Drag the “InstantiatePlayer” scriptinto an empty
area of the Inspector.

Terrific, we're makingreallygood progress now and can actually runthe game soon.
Let’s takea look atsome of the code details:
We create two publicvariablesin this code sample:

public Transform PlayerAvatar;

public Transform[] spawn;

PlayerAvatar will besetto thePlayerPrefab. Thisissoweknow whatplayertospawn. We
could optionallyhave this bean array with manydifferent player prefabs mapped toit,and
choosethe playerbasedon some gamelogic.

Spawn is anarray. Because we havetwo childspawnareas under PlayerSpawn, we’ll change
the array sizefrom0to 2, then drageachof the childPlayerSpawnl and PlayerSpawn2 objects
intothesearrayareas. Theidea is to randomlyspawn our player from either spawnpointto
makeita little moreinteresting.



InstantiatePlayerOnNetworkLoadedLevel
Next we have the method InstantiatePlayerOnNetworkLoadedLevel, which gets called by the

NetworkLoadLevel class as part of the LoadLevel event. Thisis whatactuallyinstantiates our
player. Afewthings are happening here.

1. Wepickarandominteger numberbetween 0 and 1 torepresent one of thetwo spawn
areas.

2. Wealignthespawn areatothecube, justsothespawned player is facingsomething
interestingwhen it’s spawned. Ideallywe could have done thisin thelevel editor, but
this isjusttoshowanotherthing wecan do as partofthespawn. Whenwealignthe
player to facethe CUBE we use LookAt, but we keep the original Y of thespawnarea, so
our player doesn’tend up witha pitchto mess upits orientation.

3. Wespawntheplayerusing Network.Instantiate. Thissets up a buffered requeston the
GSto instantiatethe player on all new client connections. Italsosendstheinstantiate
requestto us so wetoo instantiatethelocal player. We usethe spawn’s positionand
the updated spawnrotation, so when we’re spawned we end up facing the CUBE.

OnPlayerDisconnected
A separate method is the OnPlayerDisconnected method which gets calledon the GSwhen a

clientdisconnects fromthegame. As partof thecleanupthe GSremoves all Buffered client
requests fromthe disconnected client, then sends a DestroyPlayerObject command to all
clients sothey eachproperlyremove the disconnected client fromtheirscene.

InstantiatePlayer code

Here’s a full sample of thecodein use. Saveitinto the InstantiatePlayer code file you just
created:

using UnityEngine;
public class InstantiatePlayer : MonoBehaviour {

public Transform PlayerAvatar;
public Transform[] spawn;

/****************************************************************

*

* All Code Below Here is only executed on the SERVER

*

*

*****************************************************************/

// When a new player connects the GS will receive this callback. Atthat time we'll
// instantiate the player on all clients, with it facing the block in the center of the level




// at a randomly select spawn point
void InstantiatePlayerOnNetworkLoadedLlevel ()

{

Transform spawnarea;

// Let's randomize where we spawn from between the two available spawn areas (0 and 1)
int spawnpoint = (int)Mathf.Round(Random.Range( 0.0f, 1.0f));
Debug.Log("Spawning at :" + spawnpoint.ToString()) ;

// using the generated random #, use the spawn array to find which spawn point to use
spawnarea =spawn[spawnpoint];
GameObject go = GameObject.Find("Cube");

Debug.Log("Instantiate a new player");
// Instantiating Player when Level is Loaded

// First turn the spawn area to be facing the cube. We could have pre done this in the
// level editor, but we'll do it hear just because.

// Note: we only use the CUBE's X and Z position, but keep our

// spawn's Y position so we don't affect the

// pitch orientation of our player, keeping it level to the scene.

spawnarea.LookAt( new Vector3( go.transform.position.x ,

spawnarea.position.y,

go.transform.position.z ) );

// Now Instantiate the player at the spawn area, facing the cube

// Internally this is a BufferedAll RPC call to instantiate the player on all current and
// future clients

Network.Instantiate(PlayerAvatar, spawnarea.position, spawnarea.rotation, 0);

}

// Called on the GS when a remote client disconnects
void OnPlayerDisconnected (NetworkPlayer player)
{

// Removing player if Network is disconnected
Debug.Log("Server destroying player");

// remove any pending Buffered RPC's left from the disconnected player for group 0
Network.RemoveRPCs( player, 0);

// Cleanup just the player and all the objects the player might have instantiated
Network.DestroyPlayerObjects( player ); //send a request to all the remaining clients
// to have them remove the disconnected player

}

}

InstantiatePlayer shouldalready be associated to the PlayerSpawn Objectin the TestGamelevel
Level. Ifit’s not, pleaserepeattheearliersteps and drag/dropthe InstantiatePlayer Scriptto a
clear areainthelnspector Window of the PlayerSpawn Object.




Superb! We'realmostready to runandtestthe game.

Now save everythingand returnfromthe MonoDevelopto the Unity Editorandmake sure
thereareno compilation errors showing up atthe bottom.

PlayerSpawn Public Variables Setup

Now if you open the TestGamelevel level andclick on the PlayerSpawn objectin the hierarchy
you should see two publicvariables under the InstantiatePlayer scriptinthe Inspector Window.
Under the Instantiate Player Component, drag the Player Prefabfrom the Project Window and
dropitonthe “PlayerAvatar” property inthe Inspector.

Next expand the PlayerSpawn inthe hierarchy to expose PlayerSpawn1andPlayerSpawn2.

Now in the Inspector change clickthe spawn property andchange theSizefrom0to 2. Now
you should have two empty items called “Element0” and “Element 1”. Drag “PlayerSpawn1”
fromthe HierarchyWindow to “Element 0” and “PlayerSpawn2” from the Hierarchy Window to
“Element1”.

Ok things should look something like this:

If you’vegotthis andno errorsweshould beableto performa testrunandseeour playerin
the scene. Beforeyou do this however, we wantto load the “MasterGameServerLobby’ so do
thatnow by doubleclickingonitinthe Project Window, then try and runthelevel. Atthis
pointyou shouldseethe mainlobbymenu appearlike this:
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Now if you choose “Start Server” the server should start, the TestGameLevel Level should Load,
the playershouldspawn and you shouldsee something like this:
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To test things are fully workingyou should be able to walk around using the WSAD keys.



Now to really test things out, run the same program fromanother PC, preferably on thesame
local home network (just to eliminate any NAT/NPTissues). From the Mater Game Server lobby
screen you should see something like this:

& uniy- 30MVE o - PC and Mac Sendione” B T S T o i)

File Edit Assets GameObject Component Temain indow Help

.........

You canseeherewelistthediscovered Game Servers underneaththe “Start Server” menu
selection. If you click on the shown Gameyoushouldjointhatgame, butif youdo thatyou’ll
find thegame playdoesn’t quite work right. What will happen is you’ll gettwo camerasinthe
scene, onefor each player whichwill generate errors, and you'll alsofi nd the controller would
control both players. We'll fixthese andother issues, andwe’ll add the BallPickup projectiles to
the game next.



PlayerSpawn:

So the reason youget two cameras when the second player joins andan issue with the controls
is becausethe player hasthe control and camera attached to itso when you spawnmorethan
onecharacterthe game no longer knows which oneshould be the primary. Thisis a pretty easy
fix. Whatwe’lldoisadd a spawn class to the playersowhenitspawns itcan performsome
checks and setthings appropriately. Let’s takea look.

Let’s right click on the NetworkSampleCode folderin the Project Window, and choose “Create /
c#script”. Namethisnew script “PlayerSpawn”.

Now in the PlayerSpawn code there are several things we need to do:

1. Setthe playercameraon/off dependingonifit’sa localplayer or remote player
2. Setthe defaultaudioon/offdependingonifit’s alocal playeror remote player
3. Set NetworkRigidbodyon/offdepending onifit’salocal playeror remote player.

So the only thingreallyin PlayerSpawn is the “OnNetworkinstantiate” method, which
automatically gets called when an objectis instantiated over the network. Therefore this
method will be called on boththe originating player and the remote player clients. What we do
is checkif “networkView.isMine” is true which means we’re the originating player and
therefore we need to setthings appropriately forus, or we’'re the remote player inwhichcase
we’re instantiating a remote avatarandneed to set different things.

Inthecaseoftheplayerwe’reinterested insetting the following:
When we’re the originating player we need to:

1. Disable NetworkRigidbody. Thisis because the Predictionand Smoothingthatis
performed by this class should only be performed on remote avatars. Ourlocal player
will be controlled directly by our key presses andthe physics associated to our player.

2. EnablethePlayerControls, whichensures we canusethe keyboard, mouse and other
devices to control our player.

3. Enablethecamerathatisassociated to the player. We could haveiton by default but
incasethelevel already hasa camerait’s better to haveit off, and as part of the spawn
we would disable the existing cameraandenable the player camera.

4. Enabletheaudiolistener. Similarto thecamerawe could haveitenabledahead of
time. However, ifthelevel had a defaultcamerainitthatcamera probably had an
audio listener init,so we’d wantto ensure we disabled the original camera and audio
listener before activating the audiolistenerassociated to the player.

When we're a playerinstantiating a remote avatar we basicallywantto do the opposite



1. Enablethe NetworkRigidbodyso wereceive NetworkView updates and properly apply
Prediction and Smoothing.

2. DisablethePlayercontrols because this remote avatar is being controlled by its
originating player,andwe’re just updating its position and orientation via NetworkView
updates and NetworkRigidbody to apply Prediction and Smoothing

Renaming Remote Objects:
Onemorethingto cover about PlayerSpawn. Whenit’'s a remote avatar beingspawned we
changethenameto name+’Remote” so laterif we're ever searching for local objects we don’t

accidentally pickup remote objects too.

Depending on what else was associatedto the Player character there couldbe more things to
enable/disable. For examplein a first person game we might wantto enablea HUD for the
originating player and enable the model renderer forthe remote avatars.

Let’s takea look atthe PlayerSpawn code:

PlayerSpawn code:

using UnityEngine;
public class PlayerSpawn : MonoBehaviour {

void OnNetworklInstantiate (NetworkMessagelnfo msg)

{

// 1 like to setup a local variable to our local gameObject so the code is a little more readable
GameObject localplayer = this.gameObject;

//networkView.group =1; //send all RPC messages for group 1, so only the

// player instantiate is on group 0

if (networkView.isMine)

{

// On the original player since we control the player with the keyboard controls
//so we don't want to use the NetworkRigidbody script which was specific for
// the prediction and smoothing of remote networked character avatars.

// Therefore, let's find that component on the new player and disable it
NetworkRigidbody _NetworkRigidbody =

(NetworkRigidbody) localplayer. GetComponent("Ne twork Rigidbody");
_NetworkRigidbody.enabled = false;

// Since this is the local player and not the remote avatar we do want to

// ensure the player controls are active.

PlayerController pc = (PlayerController)localplaye r.Get Com pone nt( "Playe rController");
pc.enabled = true;

// We don't have a Temp Camera setup in the scene, but if we did we would
// need to disable before activating the players camera
//GameObject.Find("TempCamera").SetA ctive Recursively(false);




// Since this is the local player, we want our local player camera enabled as

// the main camera for the scene Since the camera component isin a sub object

// called Main Camera under the Player Prefab we can use GetComponentinChildren
// looking specifically for our "Camera" component. There should only be one, so we
// don't need to loop through multiple components

Camera ca = (Camera)localplayer.Ge tComponentinChildren(typeof(Camera));
ca.enabled = true; // activate our camera

// Since this is the local player, we want our local player audio enabled.

// Since you can only have one audio enabled in a scene, we need to make sure
//it's not enabled for remote avatars. Therefore we set it disabled

// be default and enable it when we spawn the player

Audiolistener al =

(AudioListener)localplaye r.Ge tComponentinChildren(typeof (AudioListe ner) );
al.enabled = true;

}
else
{

name += "Remote"; // Append “Remote” to the name for easier searching of local object

// Since this player object is a remote avatar, we wont be performing any

// manual controls to this avatar. Instead we want all updates to come from
// network updates. The NetworkView will send those updates

// automatically. Therefore we want to enable "NetworkRigidbo dy"

// component which will process all the prediction and smoothing for our avatar
NetworkRigidbody _NetworkRigidbody =

(NetworkRigidbody) localplayer. GetComponent("Ne tw ork Rigidbody");
_NetworkRigidbody.enabled = true;

// Since this is a player avatar for a remote player, we need to make sure its

// camera is disabled. We already have our local player camera so we don't

// need this one

PlayerController pc = (PlayerController)localplayer.Get Com ponent( "Playe rController");
pc.enabled = false;

}

}

}

PlayerSpawnmust be associated to the Player Prefab so now that the componentis created,
dragand drop the PlayerSpawn component from the Project Window into an open area of the
Player Prefabin the Inspector Window.

If we did everything right when we run the game on two hosts we should see something like
this:
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NetworkRigidbody:

The Player (and the Ball) objects have physics RigidBodies associated to them. This way they
correctly behave to gravity and properly bounce off things. However this adds some
complications fora networked game as to where the physics shouldbe applied. Since we're
only moving ourcharacter onits local client, then using networkView to update the position
and rotationon the remote clients, we need to consider when/how we might want the remote
updates to provide more details about the state of the objects sowe can perform better
prediction and smoothing. If yourecall | spoke about Prediction and Smoothing earlier. Thisis
the concept of gracefully updating a remote avatarto minimize the effect of LAGand seeinga
character appear to jumpfromonespotto another. What predictionandsmoothing
accomplishesis to calculate the partial movement from point Ato point B over a period of
several frames so it moves smoothly instead of unnaturally jumping fromlocationto location.

If you don’t want to use NetworkRigidBody things will still work, but your object movement
over the network mightappear more jumpy/choppyattimes andnotassmooth. Things will
still work exactlythe same. NetworkRigidBody doesn’t change gameplay atall, it’s justabout
end user ascetics and theillusion of less LAG by moving objectsina more graceful way.

Objects with physics have additionaldatathat canhelp provide a nicer update on the remote
client, suchas timinginformation, velocityforces andangularvel ocity. To provide this
additional data we’ll use a script to override the normal behavior of the networkView Observed
and State Synchronization properties, sowe caninclude this additional data, and appropriately
apply thesmoothing and prediction between network updates.

NetworkRigidbodyis a classto do thisfor us. I’'m not goingto explain the mathindetailasour
focus is on networking, but you’ll see the smoothing uses a Lerp andSLerp functionandthen
performs prediction between network updates.

Justas a reminder there aretwo ways to update a remote object. Theoneistorelyonthe
NetworkView componentandits Observed and State Synchronization properties. This sends
data automatically (Network.sendRate times per second). The other isusinganRPC. We will
seehowto usethe RPClater with the BallPickup Prefab. Think of an RPCasaneventdriven
messaging mechanism where NetworkView is more streaming based.

For now we’ll focus on the NetworkView Oberved and State Synchronization parameters. By
defaultwhen the NetworkView is associated to a game object, the Transform of the objectis
synchronized whichisthe position, rotation. If that’sall we need to send then we don’t need
anything special. However, if we wantto synchronize custom data then we can override the
defaultdatasent by the NetworkView Observed by updating the Observed parameter with the
NetworkRigidBody componentinstead of the default component whichisthe objectthatthe



NetworkView componentis attached to. To do this wefirstadda new a NetworkRigidBody
componentto our object, then we drag that NetworkRigidBody component from the Inspector
Window and drop on the NetworkView.Observed componentin the same Inspector Window.
This changes the default behavior of the NetworkView Component to usethe
NetworkRigidBody component to handle sending/receiving the automatic network updates for
positionand orientation.

The APl used to override sending/receiving events is the OnSerializeNetworkView method.
Let’s cover this inmoredetail:

NetworkRigidbody OnSerializeNetworkView

The purpose of the OnSerializeNetworkView is to synchronize and stream custom data fromthe
originating player object to all the clients showingthe objects avatar. Since our player
characters have physics associated to them we want to add some additional datato be
synchronized suchas timestamp, Vel ocity andangularVelocity and time. Otherwise just
positionand rotationare normallysent by default (Transform). By synchronizing this extra data
we can do a better job at predicting the continued movement andsmoothing the movement
between network updates.

The OnSerializeNetworkView provides both a writing and a reading state. The writing state is
performed on the original player clientandtheread is performed by all other clients to perform
the prediction and smoothing.

Onceyou havethescriptsaved lets correctly associateitto thescene. Click on the Player
PrefabintheProject Window and then drag the NetworkRigidbody code scriptinto a blankarea
of the Inspector Window.

It's notenough to just have the NetworkRigidBody script added as a component to our object.
Becauseeverything relies on the networkView component, along with the Observed and State
Synchronization properties we need a way to override networkView soinstead of just updating
positionand rotationitalsoupdates the other items managed by NetworkRigidBody. To do this
we need to change Observed from observing the objects transform to observing the
NetworkRigidBody component. To do this:

1. MakesurethePlayer Prefabis selected in the Project Window
2. DragtheNetworkRigidBody componentin the Inspectorand drop itonto the Observed
property of the networkView component.



NetworkRigidbody code: (original code strike-through, see new code below under 2
edition)







3rd Edition:
My apologies to anyone who received the 2" edition, as this was the wrong version of the code and

referenced Photon Networking. Photon Networking is a 3™ party networking package that is available
for Unity, but | did notintend to provide code samples for that. | apologize for the confusion. The
below code is the final Unity version of NetworkRigidbody, and in addition to correcting for a jitter
problem | encounteredinreal use.




using UnityEngine;
using System.Collections;

public class NetworkRigidbody : MonoBehaviour {

public double m InterpolationBackTime = 0.1;
public double m_ExtrapolationLimit = 0.5;
private float interpolationConstant = 0.01f;

internal struct State

{
internal double timestamp;
internal Vector3 pos;
internal Vector3 velocity;
internal Quaternion rot;
internal Vector3 angularVelocity;

internal float speed;

// We store twenty states with "playback" information
State[] m BufferedState = new State[20];
// Keep track of what slots are used
int m_TimestampCount;
NetworkView pv;
float queuedspeed=0;

void Start () {
_pv = (NetworkView)gameObject.GetComponent ("NetworkView");
enabled = ! pv.isMine;

void OnSerializeNetworkView (BitStream stream, NetworkMessagelInfo info)
{
// Send data to server
if (stream.isWriting)
{
Vector3 pos = transform.localPosition;
Quaternion rot = transform.localRotation;
Vector3 velocity = rigidbody.velocity;
Vector3 angularVelocity = rigidbody.angularVelocity;
float speed = queuedspeed;

stream.Serialize (ref pos);
stream.Serialize (ref velocity):;
stream.Serialize (ref rot);
stream.Serialize (ref angularVelocity);
stream.Serialize (ref speed);

}

// Read data from remote client

else

{
Vector3 pos = Vector3.zero;
Vector3 velocity = Vector3.zero;
Quaternion rot = Quaternion.identity;

Vector3 angularVelocity = Vector3.zero;
float speed = 0f;

stream.Serialize(ref pos);
stream.Serialize(ref velocity):;
stream.Serialize (ref rot);
stream.Serialize(ref angularVelocity);
stream.Serialize (ref speed);

// Shift the buffer sideways, deleting state 20
for (int i=m BufferedState.Length-1;i>=1;i--)
{
m BufferedState[i] = m BufferedState[i-1];
}

// Record current state in slot 0




State state = new State();

state.timestamp = info.timestamp;
state.pos = pos;

state.velocity = velocity;

state.rot = rot;

state.angularVelocity = angularVelocity;

state.speed = speed;

m_BufferedState[0] = state;

// Update used slot count, however never exceed the buffer size

// Slots aren't actually freed so this just makes sure the buffer is

// filled up and that uninitalized slots aren't used.

m_TimestampCount = Mathf.Min (m_TimestampCount + 1, m_BufferedState.Length);

// Check if states are in order, if it is inconsistent you could reshuffel or
// drop the out-of-order state. Nothing is done here
for (int i=0;i<m TimestampCount-1;i++)
{
if (m BufferedState[i].timestamp < m BufferedState[i+1].timestamp)
Debug.Log ("State inconsistent");

// We have a window of interpolationBackTime where we basically play
// By having interpolationBackTime the average ping, you will usually use interpolation.
// And only if no more data arrives we will use extra polation

void FixedUpdate () {
if (m_BufferedState[0].timestamp == 0)
return;

// This is the target playback time of the rigid body
double interpolationTime = Network.time - m_InterpolationBackTime;

// Use interpolation if the target playback time is present in the buffer
if (m_BufferedState[0].timestamp > interpolationTime)

{
//Debug.Log ("Performing Smoothing") ;

// Go through buffer and find correct state to play back
for (int i=1;i<m TimestampCount;i++)
{
if (m BufferedState[i].timestamp <= interpolationTime || i ==
m TimestampCount-1)

// The state one slot newer (<100ms) than the best playback state
State rhs = m_BufferedState[i-1];

// The best playback state (closest to 100 ms old (default time))
State lhs = m BufferedState[i];

// Use the time between the two slots to determine if interpolation is
necessary

double length = rhs.timestamp - lhs.timestamp;

float t = 0.0F;

// As the time difference gets closer to 100 ms t gets closer to 1 in

// which case rhs is only used

// Example:

// Time is 10.000, so sampleTime is 9.900

// lhs.time is 9.910 rhs.time is 9.980 length is 0.070

// t is 9.900 - 9.910 / 0.070 = 0.14. So it uses 14% of rhs, 86% of lhs

if (length > 0.0001) {

t = (float) ((interpolationTime - lhs.timestamp) / length);

// 1if t=0 => 1lhs 1is used directly
transform.localPosition =
Vector3.Lerp (transform.localPosition,
Vector3.Lerp (lhs.pos, rhs.pos, t),
interpolationConstant) ;
transform.localRotation =




Quaternion.Slerp (transform.localRotation,
Quaternion.Slerp(lhs.rot, rhs.rot, t),
interpolationConstant) ;

rigidbody.velocity =

Vector3.Lerp (rigidbody.velocity,

Vector3.Lerp (lhs.velocity, rhs.velocity, t),
interpolationConstant) ;
rigidbody.angularVelocity =

Vector3.Lerp (rigidbody.angularVelocity,

Vector3.Lerp (lhs.angularVelocity, rhs.angularVelocity,
t),
interpolationConstant) ;

float newspeed = Mathf.Lerp (lhs.speed, rhs.speed,
t);

BroadcastMessage ("UpdateThrottle", newspeed,
SendMessageOptions.DontRequireReceiver) ;

return;
}
//else
//Debug.Log ("Timestamp 0 <= Interpolatin");

else
//Debug.Log ("Performing Prediction") ;

float dt = (float) (Network.time - m BufferedState[0].timestamp);
if ( dt == float.NaN )
Debug.Log ("dt is NAN");
Vector3 extra pos = m _BufferedState[0].pos + m BufferedState[0].velocity * dt;
if ( extra pos.x == float.NaN || extra pos.y == float.NaN ||
extra pos.z == float.NaN )
- Debug.Log ("extra pos is NAN");

float angle = m BufferedState[0].angularVelocity.magnitude;

if ( angle == float.NaN )
Debug.Log ("angle is NAN");
if ( angle == 0 ) angle = 0.001f;
Vector3 axis = m BufferedState[0].angularVelocity / angle;
if ( axis.x == float.NaN ||axis.y == float.NaN ||axis.z ==
float.NaN )
Debug.Log ("axis is NAN");
Quaternion extra rot = m BufferedState[0].rot * Quaternion.AngleAxis (angle * dt,
axis);
if ( extra rot.x == float.NaN ||
extra rot. float.NaN ||
extra rot. float.NaN ||
extra rot. float.NaN ||

extra rot.eulerAngles.x == float.NaN ||
extra rot.eulerAngles.y == float.NaN ||
extra rot.eulerAngles.z == float.NaN

Debug.Log ("Rotation is NAN");

transform.localPosition = Vector3.Lerp (transform.localPosition, extra_ pos,
interpolationConstant);

transform.localRotation = Quaternion.Slerp (transform.localRotation, extra rot,
interpolationConstant);

if ( transform.localRotation.x == float.NaN ||
transform.localRotation.y == float.NaN ||
transform.localRotation.z == float.NaN ||
transform.localRotation.w == float.NaN ||
transform.localRotation.eulerAngles.x |
transform.localRotation.eulerAngles.y == float.NaN ||
transform.localRotation.eulerAngles.z == float.NaN

Debug.Log ("Rotation is NAN");

rigidbody.velocity = Vector3.Lerp (rigidbody.velocity,




m BufferedState[0].velocity, interpolationConstant);
rigidbody.angularVelocity = Vector3.Lerp (rigidbody.angularVelocity,
m BufferedState[0].angularVelocity, interpolationConstant);

BroadcastMessage ("UpdateThrottle", m BufferedState[0].speed,
SendMessageOptions.DontRequireReceiver) ;
}
}

void NetworkReset ()

{
m_BufferedState = new State[20];

}

Great, now your playerobjects should move and lookmore like a non-networked game, even
though thereis some network latency that canaffect movement. You’ll wantto do thesame
thing for the BallPickupandany other objects that willbe movingaround.

NOTE: Remember to change the Player Prefab networkView.Observed whichis normally set
to the transform of the object its set to and drag and drop the NetworkRigidBody scriptin the
Inspector onto the Observed propertyof the networkView in the same Inspector window.




Working with Pickups:

| hopeyou’refeelingpretty good at this point. You actually have a working multi-player
prototypethatyou cantakeand create your own exciting worlds with. However, we still have
onemoreitemto cover andit’sa bigone. | wantto show how to manage pickups, throwing
and destroy/respawning them. To do so we’ll use the BallPickup prefab we created along with
RPC calls to managethestate of events.

Froma designperspective you have several ways to handle pickupsin your game. You can
instantiate, destroy and re-instantiate as part of thespawn, or youcouldspawn onceandjust
turntheobjects on and off as needed. | chosethelatter becauseinthis case we know we’ll
have exactly two balls (two spawnareas)soit’s easyto create them once and manage them.
After we get through this, I’ll offer up a second optional sectionthat shows how to instantiate,
destroy theninstantiate again. Both techniques havetheirplace.

Aside from whichtechnique we choose, there are alsomany different ways to implement this
code,and nooneway is notnecessarily better thanthe other. I’'musinga particularstylethat
is comfortableto me. As you learn whatl’vedoneandunderstandthe networking techniques
you might decideto reengineer certain parts to meet your needs. That'sfineaslongasyou
understandandfeel comfortable with the process.

For our pickups I’ve created three new classes and modified the “Instantiate” class:

InstantiatePlayer:
Modified to support new player connection events andlost player disconnection events so we
can properly update our scene.

BallSpawnManager:

BallSpawnManager is associated to the PickupSpawn Game Objectin the main gamelevel. Its
purposeisto Instantiate theinitial balls, then appropriatelycreate the balls on new clients, and
alsoupdatethestate of theballasit’s picked up, thrown and respawned.

BallController:
BallController is associated to our player and responsible for keeping track of when the player

picks up a ball aswell as | etting the player throw the ball.

BallManager:
BallManagerisforeachindividualballthat’s instantiated and keeps track of the ball s pecifics

such aswhenit’'sspawnedandavailable for pickup, when it’s picked up, when it's thrownandif
thrown whatto doifithits something and finally working with BallSpawnManager to respawn
afterit’s thrown.



Now before we get into the code, | just want to mention this will be the trickiest thing we've
donesofar. [tmightseemtrivial butwhenyouthink aboutall that’s requiredto keep things
synchronized on every client, update various events and keep track of movement, it can get

quite complex and overwhelming attimes. Trustthatwe will work throughitandintheend
you’ll havealltheskills you need to create your own networked gamein Unity3D.



InstantiatePlayer - Updated for Networking:

We modified the original Instantiate code andadded an OnPlayerConnected method and
updated OnPlayerDisconnected method. Both of these methods will be called automatically as
a networking event. These networkevents onlyfire on the Game Server (GS).

InstantiatePlayer OnPlayerConnected
The OnPlayerConnected event is used to perform two primarytasks:

1. Thefirstistoensurethatall theinstantiated balls are properly instantiated and also
properlyupdated to therightstatesuchas; sittingatthespawn area to be pickedup,
being carried, or being thrown. To accomplish this we findthe PickupSpawn object, and
then grab the BallSpawnManager component. Since all the balls have been instantiated
on the GS we know thatthe BallSpawnManager contains all the balls we need to
instantiate.

Wethen usethe BallSpawnManager object to call the method
“PlayerConnectedSpawnBalls” inthat component. This methodloops throughall the
spawned balls and sends an RPCto the newly connected player soitcan createits own
local copyoftheballand setittotheappropriate state.

2. Thesecondistoensuretheremote playeravatarsaresettothecorrectstate. The
players themselves areinstantiated using a Network.Instantiate whichusesan
AllBufferedon the server to queue therequests fornew clients. However, each player
can havedifferent state values, and in this example it's whether the playeris carryinga
ball or not. Whena player is carrying a ball we actuallyjust turn on thefoeball that
represents the player righthand. Thefoeballisactually part of the player model we’ll
be updating soon. By defaulttherighthandis hidden soifthe playerissupposedto be
carrying a ball we hide the originalball in the above step and then show theright hand
sub object of the player by toggling the “MeshRenderer” component. Similarto how we
spawn the balls, for updatingthe player wefindthe local player object on the GS, then
grab the BallControllerandcall the method UpdatePlayerState.

UpdatePlayerState loops throughall the players, skips the player that just connected,
then checks eachplayer and if that playeris holdingaballitsendsan RPCto the new
clientinstructing thatthe specificremote player avatarshould be holding a ball. Itdoes
this by using the BallControll.networkView for the specific player thatis holding the ball.
This way when the new client receive therequestits automatically receivingitintothe
proper objectandjust performs a localupdate of the player state.



InstantiatePlayer OnPlayerDisconnected
The OnPlayerDisconnected event is used to cleanup andremove a disconnected player fromall

other clients. However, before we remove the player thereis specificcleanupwe need to do
thatis associated to the ball. If the player happens to becarryinga ball we need to update the
ballto bedropped. When wedrop theball wecouldputitonthegroundrightwherethe
player being removed was standing. Instead| choseto return the ball to the original spawn
area. Youcanbecreative.

The trick for OnPlayerDisconnected is that we receive a NetworkPlayer object passedin as the
player being disconnected. We need to map that NetworkPlayer to the right GameObject
playertoseeifitwascarryinga ball. Tofinditweneed to loop through allGameObjects with
the “Player” tag and then compare the netorkView.owner of that GameObject to the
NetworkPlayer passedin. When they matchwe found theright player that has been
disconnected.

Ifthatplayerwas holdinga ballwethen get theball froman array of all spawned balls stored in
the BallSpawnManager using the players “pickedupBall_SpawnID” whichisthearrayidfor the
ball being held. Wecan then usethat balls networkView to send a message to that specific ball
on the remaining players using an RPC to RPCMode.All and call the OnlnitBall method to update
the ball state. Thisisthe same method we call when instantiating a ball or picking up a ball.
Instead of writing the same code againandagain, OnlnitBall is a shared method to update a ball
state.

| believethe codeis well commentedandshould provide you the necessaryfurther detailsyou
need to seehow to performthesetasks. Let’s takea look atthe code:

InstantiatePlayer Code

using UnityEngine;
using System.Collections;

public class InstantiatePlayer : MonoBehaviour {

public Transform PlayerAvatar;
public Transform[] spawn;

/****************************************************************

*

* All Code Below Here is only executed on the SERVER

*
*

*****************************************************************/

// When a new player connects the GS will receive this callback. Atthat time we'll
// instantiate the player on all clients, with it facing the block in the center of the level




// at a randomly select spawn point
void InstantiatePlayerOnNetworkLoadedLlevel ()

{

Transform spawnarea;

// Let's randomize where we spawn from between the two available spawn areas (0 and 1)
int spawnpoint = (int)Mathf.Round(Random.Range( 0.0f, 1.0f));
Debug.Log("Spawning at :" + spawnpoint.ToString()) ;

// using the generated random #, use the spawn array to find which spawn point to use
spawnarea =spawn[spawnpoint];
GameObject go = GameObject.Find("Cube");

Debug.Log("Instantiate a new player");
// Instantiating Player when Level is Loaded

// First turn the spawn area to be facing the cube. We could have pre done this in the
// level editor, but we'll do it hear just because.

// Note: we only use the CUBE's X and Z position, but keep our spawn's Y position
//so we don't affect the pitch orientation of our player, keeping it level to the scene.
spawnarea.LookAt( new Vector3( go.transform.position.x ,

spawnarea.position.y,

go.transform.position.z ) );

// Now Instantiate the player at the spawn area, facing the cube

// Internally this is a BufferedAll RPC call to instantiate the player on all current and
// future clients

Network.Instantiate(PlayerAvatar, spawnarea.position, spawnarea.rotation, 0);

}

// Called on the GS when a remote client connects

// Technically we could probably spawn the player here, or spawn the balls above,
// but I'm breaking it out to show various techniques

void OnPlayerConnected (NetworkPlayer player)

{

// When a new player connects the level is automatically generated from the
// "AllBuffered" "LoadLevel" that was originally generated

// Then on a new player instantiate we generate all the players

// Now we want to generate the pickup items (Balls) but just on our newly
// connected client, so when the server receives the OnPlayerConnected

// then the server can call the BallManager which can loop through the balls
// that have already been generated and spawn them specifically

// on the new client in their correct position, orientation and state
BallSpawnManager bSM =

(BallSpawnManager)GameObject.Find ("Pi ckupS pawn").Get Co mpo nent (typeo f(BallSpawnManager));
bSM.PlayerConnectedSpawnBalls( player );

// Use UpdatePlayerState to loop through all the players and update the new player with their
// state this is basically to show if a player is holding a ball then the new player needs to know
// for proper rendering

// Get the Local Network Player Ball Controller

BallController _bc = (BallController)GameObje ct.Find("Player(Clone)").G etComponent (typeof(BallController));
_bc.UpdatePlayerState(player); // Call the UpdatePlayerState in the local Player Ball Controller,




// which will then update the new player with an RPC
1

// Called on the GS when a remote client disconnects
void OnPlayerDisconnected (NetworkPlayer player)

{
// GameObject _playerGO = null;

// Removing player if Network is disconnected
Debug.Log("Server destroying player");

// When a player disconnects we need to cleanup the player from all other clients.

// But before we do that we need to make sure we reset the state of everything back
// correctly. If the Player was holding a ball, then we want to player to drop the ball before
// cleaning up Todo that we need to first associate the NetworkPlayer to the ingame object that
// represents that player. To do so we'll loop through all Player objects and match

// the player passed in to the GameObject.networkView.owner

//

// Loop through all GameObjects of type Player

foreach(GameObject _player in GameObiject.FindGameObjectsWithTag("Player"))

{

// Match the player to the NetworkPlayer and if we have a match then this is the player
// we're cleaning up

if (_player.networkView.owner == player )

{

Debug.Log ("Found player");

// _playerGO = _player;

// Get the players Ball Controller Component

BallController _bc = (BallController)_player.G etCompon ent(typ eof(BallContro ller));

if (_bc.pickedup) // If the Player is holding the ball then let's drop/respawn the ball

{

// To find the ball being held, we have the pickedupBall_SpawnID

// identifier held by the player. This is the ball that originated

// from one of the spawn areas, which is managed by the

// BallSpawnManager. Therefore, we find the root level PickupSpawn

// then get the BallSpawnManager Component which then is mapped

// to the specific spawn area using the players

// "pickedupBall_SpawnID" which gives us the ball object to be

// dropped/respawned.

BallSpawnManager _bsm =

(BallSpawnManager)GameObject.Find ("Pi ckupS pawn").
GetComponent(typeof(BallSpawnMa nager));
BallManager _bm = _bsm.spawnedBalls[_bc.pickedupBall_SpawnlID];

// Call the init Ball RPC to update the ball on all clients
_bsm.networkView.RPC("OnlnitBall",

RPCMode.All,

_bm.ballSpawnElementID,

_bsm.spawnedBalls[_bm. ballSpawnEle mentID ].trans for m.p osition,
_bsm.spawnedBalls[_bm. ballSpawnEle mentID ].trans for m.rotation,
false,

false,




Vector3.zero,

Vector3.zero );

1

break; // Done cleaning up, so get out
}

1

// remove any pending Buffered RPC's left from the disconnected player for group 0
Network.RemoveRPCs( player, 0);

// Cleanup just the player and all the objects the player might have instantiated
Network.DestroyPlayerObjects( player ); // send a request to all the remaining clients to have
// them remove the disconnected player

// Cleanup just the player but not all the objects the player might have instantiated
//Network.Destroy( _playerGO ); //send a request to all the remaining clients to have them
//remove the disconnected player

1

1

You shouldhave already associated the InstantiatePlayer to the PlayerSpawnobject, butif not
let’s doitnow. Choose PlayerSpawnin the Hierarchythen draganddropthe InstantiatePlayer
scriptfromthe Program Window to a free area in the Inspector Window.

BallSpawnManager:

BallSpawnManager Update

The update routine for BallSpawnManager is used to spawnall theinitial balls but just on the GS.
Wedo this by checking Network.Server==true. Thereare other waysto accomplish this, but |
wantedithereas an exampleof onewaytodoit. | alsochoseto use Updateand not Awake or
Start, to show how we can seta timer and wait for the timer (perhaps to perform other work)
beforeinstantiating theinitial balls.

Fromthe Updateroutine we use an RPC OnSpawnBalls with RPCMode.All to instantiate the
ballson all clients. However, since players can’tjoin the game until the server is running, when
the Update method calls OnSpawnBalls the only clientis the GS itself, so this just creates the
ballson the GS. By thetimea client connects the ballswould alreadybe instantiated on the GS,
so then when the OnPlayerConnected event fires we call “PlayerConnectedSpawnBalls” which

inturnloopsthrough all the balls then calls the same OnSpawnBalls to instantiate the ball on
the newly created client.

You may askthen why useanRPCifit’s only running on the GSanyhow. Well given the current
design you’dberight, we couldjust call the OnSpawnBalls directly to spawnthe balls on the GS,




andthen leveragethe OnPlayerConnected callback eventto do therest. However, let’s
consideranother option. Whatif weletall players connectandwe had anin-gamelobby, then
onceall players were connected andassigned to teams and choseinitial | oad -outs we then
activated thelevel. Inthatcaseusingan RPCAIll could betherightcall astheplayersare
already connected. Therearetoo many variationsto considerthemall here,and I’'mjust trying
to show you networking related examples. How you applythemin yourcode will be what
separates us from others and makes us more valuable to our teams. Understand whatwe’re
doingandwhy andyou’ll maketheright design decisionwhen it counts.

BallSpawnManager OnSpawnBall
OnSpawnBall runs on each clientasit’s calledusinganRPC. Itthen uses a local Instantiate to

createtheballandupdatethestate of the ball with all the data passedin. What | likeaboutan
RPCis thatyou canpassinas many special variables as needed to initialize things the way you
need them. Wethen setthe new ball’s networkView.viewlDto the viewlID of the original ball
onthe GS. Bysettingittothesamenetwork|DontheGSitallowstheballto receive
networkView updates from directed RPC callsas well as the networkView automated network
synchronizationbasedon the Observed parameter. That’s a feature that automatically updates
the position and orientation of anobjectas it moves.

BallSpawnManager OnlnitBall
OnlnitBall is called from OnSpawnBall, anda few other areas to setup the state of the ball such

as;sittingatthespawn area, beingcarried and being thrown. As part of settingthestateitalso
toggles on/off various components such as renderers and collision detection. Note: collision
detection needs to be toggled off/onas a special switch to resetany settings to

“Physics.IgnoreCollision”. Although most of the calls to OnlnitBall will look like they’re non RPC
calls,inthose cases the parent method making the callis usuallyan RPCitself.

BallSpawnManager Code:

using UnityEngine;

public class BallSpawnManager : MonoBehaviour {

public Transform[] ballSpawnArea; // Array of valid spawn points

public GameObject theBallPreFabToSpawn; // The ball prefab to spawn

float timer = 0.0f; // timer used to wait for scene to finish loading

// before starting to spawn balls

bool spawned=false; // flag set once to signify the balls have been

// spawned

public BallManager[] spawnedBalls; // Keep an array list of all the spawned balls (sized

// the same as ballSpawnArea since we only spawn 1

// ball per area)

public float spawnDelay; // How long to wait when loading a level before
// spawning the balls (this is to give enough time for

// the level to complete loading)




// Use this for initialization
void Update ()
{

Transform origPos;

// Only the server should spawn the balls initially
if ( Network.isServer && !spawned )

{

timer += Time.deltaTime;
if (timer >= spawnDelay) //wait spawn balls. this is so

{ // the level finishes instantiating everything
origPos =new GameObiject().transform; // setup a default Identity matrix
// for the starting orientation of

// our Ball

int elementid = 0; // The first spawned ball is at the first spawn area,
// then we increment by 1 through all the available

// areas

foreach (Transform spawns in ballSpawnArea ) //loop through all available
// areas

{

// create a new unique network id for each new ball being spawned
NetworkViewID _nvid = Network.AllocateVie wID();

// Although | use RPCMode.All here, it's probably really just

// instnatiating the ball on the server. If we let all the players join

// before starting the level, then this would have instantiated the balls
// on all clients, but since | start the level immediately for the server,
// the server is the only client so it's the only one to receive this

//

// However to instantiate the balls on newly connected clients we
// capture the OnPlayerConnected event in "Instantiate"

// then call PlayerConnectedSpawnBalls to loop through all the balls
// we're instantiating here and specifically instantiating

// them on each new client connection
networkView.RPC("OnSpawnBall", RPCMode.All, _nvid, elementid,
ballSpawnArea[elementid].position, // originating position

origPos.rotation, // originating rotation

false, // not pickedup

false, // not thrown

Vector3.zero, // no velocity

Vector3.zero // no angular velocity

);

elementid++; //increment the element id so we have one ball per
// spawen area

1

spawned = true; // when all done spawning, update our flag
1

1

1

// When a new player connects we loop through all balls stored in the spawnedBalls list and then issue a
// command specifically to the new client ONLY to tell it to instantiate each individual ball
// we provide details about the balls location and state so it's properly instantiated on the remote client




public void PlayerConnectedS pawnBalls(NetworkPlayer player)

{

foreach (BallManager bm in spawnedBalls)
{

networkView.RPC("OnSpawnBall",

player,

bm.networkView.viewlID,
bm.ballSpawnElementlD,

bm.transform.position, // current position
bm.transform.rotation, // current rotation

bm. pickedup, // might be picked up
bm.thrown, // might be thrown
bm.rigidbody.velocity, // might have a velocity
bm.rigidbody.angularVelocity ); // might have an angular velocity
1

1

[RPC]

// When a new player connects we need to spawn the pickup balls for that player

//initially the balls are sitting stationary at their spawn area, but the balls can be pickedup and/or thrown
// therefore we need to instantiate the ball and put it corrrectly into the scene so the new player correctly
// sees what's happening in the world

void OnSpawnBall(NetworkViewID _nvid, int spawnElemntlD, Vector3 pos, Quaternion _rotation, bool
_pickedup, bool _thrown, Vector3 _velocity, Vector3 _angvelocity )

{

// First we setup our starting orientation then instantiate a local ball. Since this is an RPC it's

// being called on each client therefore we don't need to perform a Network.Instantiate, just a

// local instantiate is sufficient

Transform spawnArea =new GameObiject().transform;

spawnArea.position = pos;

spawnArea.rotation =_rotation;

GameObject _ball = Instantiate(theBallPreFabToSpawn, spawnArea.position,

spawnArea.rotation) as GameObject;

// Store the balls network id so it's linked to the right ball on the server and will correctly update
// as the server ball moves

NetworkView nview = (NetworkView)_ball. GetCompone nt( type of( NetworkVie w));

nview.viewlD = _nvid;

// Save the ball off in an array of spawned balls

BallManager bmngr = (BallManager)_ball. GetComponent(typeof(BallManager));
bmngr.ballSpawnElementID = spawnElemntlD; // Keep track of what spawn point this ball
// spawned from so when we need to respawn it

// we know where

spawnedBalls[spawnE lemntID] =bmngr; // save off this ball

// If this is a remote avatar of a ball then update the name to append "Remote"

if ( lbmngr.networkView.isMine )

{

_ball.name += "Remote"; // If this is a remote avatar then update the name to reflect
//it’s not a primary local active object

}




// Initialize the ball with the appropriate state
OninitBall( spawnElemntlD, pos, _rotation, _pickedup, _thrown, _velocity, _angvelocity,
Vector3.zero, Vector3.zero );

}

[RPC]

public void OnlnitBall( int spawnElemntlD, Vector3 _pos, Quaternion _rotation, bool _pickedup, bool _thrown,
Vector3 _velocity, Vector3 _angvelocity, Vector3 forward_force, Vector3 angular_force )

{

// First we setup our starting orientation then instantiate a local ball. Since this is an RPC it's

// being called on each client therefore we don't need to perform a Network.Instantiate, just a

// local instantiate is sufficient

Transform newPos =new GameObject().transform;

newPos.position = _pos;

newPos.rotation = _rotation;

BallSpawnManager _bsm =
(BallSpawnManager)GameObject.Find ("Pi ckupS pawn").Get Co mpo nent (typeo f(BallSpawnManager));
BallManager bmngr = _bsm.spawnedBalls[spawnElemntID];

bmngr.pickedup = _pickedup; // store if its currently in a picked up state
bmngr.thrown =_thrown; // store if its currently in athrown state
bmngr.rigidbody.velocity = _velocity; // store if its currently has a velocity
bmngr.rigidbody.angularVelocity = _angvelocity; // store if its currently has an angular velocity
bmngr.transform.position =newPos.position; // Update the ball position
bmngr.transform.rotation = newPos.rotation; // Update the ball orientation

// When a ball is picked up we actually hide it by disabling it's rendering and also disable its
// collision so nothing can bump into it

if (_pickedup )

{

MeshRenderer mr = (MeshRenderer)bm ngr. GetCompone nt(type of(MeshRe nderer));
mr.enabled = false; //turn rendering off

SphereCollider sc= (SphereCollider) bm ngr.GetCom ponent(typeof(SphereCollider));
sc.enabled =false; // turn collision off

NetworkRigidbody _NetworkRigidbody =

(NetworkRigidbody)omngr.GetCompone nt(" NetworkRigid body");
_NetworkRigidbody.enabled =false; // turn the rigid body physics off

bmngr.rigidbody.useGravity = false; //disable gravity for the ball
1

else

{

MeshRenderer mr = (MeshRenderer)bm ngr. GetCompone nt(type of(MeshRenderer));
mr.enabled = true; //turn rendering back on

SphereCollider sc = (SphereCollider) bm ngr.GetCom pone nt(typeof(SphereCollider));

sc.enabled =false; // to turn collision back on we need to toggle it to clear out any old
// No Collision Settings
sc.enabled =true; //turn collision back on

NetworkRigidbody _NetworkRigidbody =
(NetworkRigidbody)omngr.GetCompone nt(" NetworkRigid body");
_NetworkRigidbody.enabled =true; // turn the rigid body physics back on

if (_thrown )




bmngr.rigidbody.useGravity = true; //enable gravity for the ball
else
bmngr.rigidbody.useGravity = false; //disable gravity for the ball

}

// If we need to add motion to the ball, and we are the local ball (not a remote avatar) then apply
// the force to both the forward and angular direction. This helps provide an arch that looks more
// like a throw

if (bmngr.networkView.isMine &&

( forward_force != Vector3.zero || angular_force != Vector3.zero )

)

{

// On a throw apply the force on the originating player and let the NetworkRigidBo dy
// perform the updates

bmngr.rigidbody.AddForce (forward_force, ForceMode.Force);
bmngr.rigidbody.AddForce (angular_force, ForceMode.Force);

1

1

}

Now associate the BallSpawnManager script to the PickupSpawn Object in the Hierarchy.
Choose PickupSpawn in the Hierarchythen draganddropthe BallSpawnManager script from
the Program Window to a free area inthe Inspector Window.




Ball Controller:
Ball Controller manages the actions a player performs on aball such as picking a ball up or
throwinga ball.

BallController Update

The Update functionsimply checks thatit's thelocal playerand then looks fora right mouse
button pressto throw theball,and of coursetheball carried flag being set. Thethrow ballis
performed viaanRPCto OnThrowBall, whichthen uses the OnlnitBall to change the state from
“picked up” to “thrown”.

Something | diddifferentlyon the BallController, is that usuallywe disable a controller forall
remoteavatarobjectsand onlyleaveitenabled forthelocal player. Thisissothecontroller
doesn’tinadvertently control other avatars. However, in this case because | have codesuchas
“OnInitBall” and “UpdatePlayerState” that get used for local and remote avatar objects alike, so
| chosetoleavetheBallControllerenabled and check that the player is thelocal player using “if
(networkView.isMine)” wherever needed.

BallController OnCollisionEnter
OnCollisionEnter is an event callback thatis used to pick-up the ball. Inthis case, a local player

thatis collidingintoaballatrestandis notalreadyholding a ballis able to pick-up the ball.

| usea timer after a ballis spawned to prevent a pick-uptoo quick. Thisis because when the
ballisthrown into anotherplayer we wantitto damagethatplayerandthen respawn. When
the ballisthrown and hits the player two collision events fire, the ball collision to damage the
player and the player collision to pickup the ball. If the “player collision to pickup a ball” event
fires firstthe ball will bein a thrown stateand we won’t pickup the ball. However, if the “ball
hit player damage” eventfires first we'll respawn the ball which sets it back to a neutral state,
and then the “player pick-up event” happens and we thinkthe ballis ok to pickup asit’s no
longer beingcarried or thrown, so we end up successfully picking up the ball. Thisisthewrong
behavior so we set a timer after the spawnso if the “player pickup collision event” event
happenssecondit’ll fail to pick up the ball due to the justSpawnedtimer still running.

BallController OnPickupBall

The onPickupBall method updates the player stateto indicateit’s holding a ball and stores the
arrayelement|D of theball being held. Itthen sets thefoe ball subobject of the player to
visible, and finally calls OnInitBall to setthe ball to a heldstate.

BallController OnThrowBall
The onThrowBall method updates the player thatit’s no longer holding a ball by clearing the

picked-upstateandthen disabling thefoe ball sub-object fromrendering. Itthen uses



OnlnitBall to puttheballinto a thrown state, including the force behind throwing the ballusing
the physics package.

BallController UpdatePlayerState
The UpdatePlayerState method is used on the GS to update any new player clients about the

remote player avatars to indicate which players are holding a ball sowe togglethat new avatar
correctly to a picked up state. The GSloops throughall the connected players,andifa playeris
holding a ball we use that player’s BallController.networkView to sendan RPC to the newly
connected player, specifically for the player holding the ball, and update that remote avatarto
the correctstate.

BallController OnUpdatePlayerState
The OnUpdatePlayerState method is calledas anRPC by UpdatePlayerState. As mentioned

UpdatePlayerState runs on the GS, but the RPC call to the OnUpdatePlayerStateis running on
the remoteclientthatjust connected.

BallController Code:

using UnityEngine;

public class BallController : MonoBehaviour {

public bool pickedup; // flag when we picked up the ball

public GameObject righthand; // foe ball used for showing the ball carry'd in hand and starting spot
// for throwing

public float throwForce; // how hard to throw the ball

public int pickedupBall_SpawnID; //originating spawn point captured at pickup and used to respawn
// after destroyed ball

public GameObject theBallThrowModel; // Model Prefab used when throwing the ball

public GameObject playerBody; // reference back to the playerbody so we can eliminate collision on
// the originating player when throwing the ball

// Use this for initialization
void Start () {

pickedup = false;

}

// Update is called once per frame

void Update ()

{

// NOTE: We don't DISABLE the BallController on remote avatars as we do the PlayerController
// because the various methods (functions) in BallController are used even on the remote

// avatars to set different local state events. Therefore, on any keyboard, mouse or other

// input events we should only do it if the networkView.isMine is true. This means we're

// performing the action on the local player, not a

// remote avatar. Without this, if multiple players were holding a ball, then pressing throw
// would throw the ball for all players holding the ball

// If we're the local player, and we're holding a ball and we press the right mouse




// button then throw ball

if ( networkView.isMine && pickedup && Input.GetMouseButtonUp(1) )

{

// Tell all remote players to throw the ball

// Not buffered because whenever a new player connects we catch the

// OnPlayerConnected event in Instantiate

// then use the BallManager.PlayerConnectedSpawnBalls to update the newly
// connected client about the current state of each ball.

// When throwing a ball we update the player that its no longer carrying the ball
// and turn off the foe ball so we aren't holding it anymore

// we then spawn a new ball from our current location

//

// Position the Ball relative to the players mount point (which is their right hand) and
// make the ball visible again

// Throw the ball relative to the player

// Use the playerBody to disable collision with the throwing player

// use the player forward (transform.rotation) to ensure the throw is in the right
// direction pass the pickedupBall_SpawnlD which was set on ball pickup
networkView.RPC( "OnThrowBall", RPCMode.All, righthand.transform. position,
transform.rotation, throwForce, pickedupBall_SpawnID );

1

1

// Player collisions with the ball are performed to see if the player can pickup the ball
// If the player isn't already holding a ball, and it's the local player, not a remote player avatar
// then the player picks up the ball

void OnCollisionEnter(Collision gothit)

{

// If we're the local player (networkView.isMine) and we collide with a ball, then proceed to
// pickup the ball but if we're a remote player don't pick it up

if ( networkView.isMine && pickedup ==false &&

(gothit.gameObject.tag =="Ball" ))

{

// When the player is colliding with a ball, we're looking for a ball sitting at the spawn
// point which means it wasn't thrown yet. Ifit's thrown we can't pick it up because if
// it hits us it destroys us (or creates damage)

BallManager _bm = (BallManager)gothit.gameObject.G etCompon ent(typ eof(BallM anager));

if (I_bm.thrown && ! bm.justSpawned) //Ifit's not thrown its at the spawn area so its
// safe to pickup

{

// Tell all remote players to put the ball in their hand by

// enabling the foe ball on all clients

//

// NOTE: It's important to understand that we're using the local

// networkView for our local player, so only it's remote player

// avatars on the other clients receive the command. networkView is specific

// to the object, so All players don't get updated, just the specific player on all

// clients

//

networkView.RPC("OnPickupBall", RPCMode.All, _bm.ballSpawnElementID );

1

1




}

[RPC]

// When picking up a ball we actually hide the ball by disabling it's renderer and disabling its collision
// we then move it to a neutral position (not that it really matters)

// we then enable the foe ball we've already positioned as part of the player model so it looks like we're
// holding the ball

void OnPickupBall(int ballSpawnElementID)

{

Transform carryPos = new GameObiject().transform;

// Setup Player State to be holding the ball

pickedupBall_SpawnID = ballSpawnElementID;

pickedup = true;

// Set the righthand foe ball to render so it looks like we're carrying the ball

MeshRenderer ballinHand = (MeshRenderer)righthand.GetComponent(type of(MeshRenderer));
balllnHand.enabled = true;

// Change state for the Ball to be pickedup

// This is a shared method used for initial spawn, pickup, throw and respawn of the ball.
// This way we aren't repeating the same basic code again and again

//

BallSpawnManager _bsm =

(BallSpawnManager)GameObject.Find ("Pi ckupS pawn" ).Get Co mpo nent (typeof(BallSpawnManager));
_bsm.OnlnitBall( ballSpawnElementID,

carryPos.position, // Setthe ball's position to just a neutral location (when picked up
// the renderer will be disabled so it wont be seen anyway)

carryPos.rotation, //Set the ball's position to just a neutral location (when picked up
// the renderer will be disabled so it wont be seen anyway)

true, // Itis picked up
false, // It's not thrown
Vector3.zero, // No motion on the ball when it's picked up

Vector3.zero,
Vector3.zero,
Vector3.zero);

}

[RPC]

// When throwing the ball we update all clients, but the RPCMode is All, not AllBuffered because the ball
// instantiation is handled manually using an OnPlayerConnected even in Instantiate and then

// performing the right steps to instantiate the ball and update the balls state. Otherwise if we used an
// AllBuffered the ball would be instantiated in the wrong place

//

void OnThrowBall(Vector3 newpos, Quaternion newrotate, float throwForce, int spawnElemntID)

{

// Setup the new position and orientation for the ball

Transform newPos =new GameObject().transform;

newPos.position = newpos;

newPos.rotation = newrotate;

// Setup Player State to be throwing the ball
// the ball is no longer picked up so we can pickup another ball




pickedup = false;

// Set the righthand foe ball NOT to render so it looks like we're no longer carrying the ball
MeshRenderer ballinHand = (MeshRenderer)righthand.GetCompone nt(type of(MeshRenderer));
balllnHand.enabled = false;

// Change state for the Ball to be thrown

BallSpawnManager _bsm =

(BallSpawnManager)GameObject.Find ("Pi ckupS pawn" ).Get Co mpo nent (typeof(BallSpawnManager));
_bsm.OnlnitBall( spawnElemntID,

newPos.position, //Set the ball's position to just a neutral location (when picked up the
// renderer will be disabled so it wont be seen anyway)

newPos.rotation, //Set the ball's position to just a neutral location (when picked up the
// renderer will be disabled so it wont be seen anyway)

false, // It is picked up

true, // It's not thrown

Vector3.zero,

Vector3.zero,

newPos.forward * throwForce, // Apply the thrown force so it correctly travels in

// the scene. We probably just need to do this for the

// GS Player

newPos.up * throwForce * 0.1f //as it owns the ball, and then let the

// NetworkRigidBody script update it

);

// Since this RPC was called from a specific local player, then when the RPC is received on the
// remote clients its scope is specific to that same player, now accessing its remote player avatar
// on the other clients. It's because networkView.viewID keeps track of all of this for us.

// Therefore, whe we reference "playerBody" it's referencing the specific object we want to

// interface with

//

// grab the players collider

CapsuleCollider parentcollider = (CapsuleCollider)playerBody.GetCo mponent(typ eof(CapsuleCollider));
BallManager _bm = _bsm.spawnedBalls[spawnElemntID]; //Grab the ball being thrown

// grab the ball's collider

SphereCollider ballcollider = (SphereCollider)_bm.transform.GetCo mponent(typ eof(SphereCollider));
Physics.lgnoreCollision( parentcollider, ballcollider); // disable collision between the two colliders

}

// Whenever a new player connects the GS will loop through all the players and if any of them are holding
// a ball then send an RPC to the new player to tell it which remote player avatar is holding a ball
public void UpdatePlayerState(NetworkPlayer player)

{
// Find all the player objects
foreach( GameObject _player in GameObject.FindGameObjectsWithTag("Player"))

{

if (_player.networkView.owner = player ) // don't update ourselves with our own
// state, we already know it

{

// Get the BallController for each of the found players

BallController _bc = (BallController)_player.G etCompon ent(typ eof(BallController));
if (_bc.pickedup ) // we only need to update the player avatar on the new
// client if the player is holding a ball




{
// send the update to the new player to update

// the specific remote player avatar so it shows to be holding a ball
//
// Note: We're using _bc.networkView to send the update to the
// particular remote player avatar on the new player client
_bc.networkView.RPC( "OnUpdatePlayerState",
player,

bc.pickedup );

w-'w-'w-'w-'|

[RPC]

// Called on a new client connection to tell this client connection that one of it's remote player avatars

//is carrying a ball. The specific remote player avatar is called, so just update the state directly

void OnUpdatePlayerState(bool _pickedup )

{

// This should always be true, or it should never be called, but we're checking here just for good

// measure if it were false we could raise an assertion.

if (_pickedup ==true )

{

// Grab the BallController object for this player being updated

BallController _bc = (BallController)this.GetCompone nt(type of(BallController));
bc.OnPickupBall(_bc.pickedupBall_Spawnl D); //Set this player to be holding the ball

w—-w—-w—-|

Now associate the BallController script to the Player Prefab in the Project Window. Choose
Player Prefabin the Project Window then drag and drop the BallController script from the
Program Window to a freeareainthe Inspector Window.




Ball Manager:

The BallManager Class is used to manage specific information about a single ball. It keeps track
of the state of the ball such as pickedup or thrown. Whenboth aresetto falsethatmeansthe
ballisatrestandableto be picked up. Italsokeeps track of thearray ID using
ballSpawnElementID, whichis the array in BallSpawnManager which represents both the spawn
pointarrayin“ballSpawnArea” andtheballitselfin the “spawnedBalls” array.

BallManager Update

The Update method is used to manage thetimers around botha throw anda justSpawnedstate.
The throw timer is usedto auto expireandrespawn the ball after it’s thrown. Iftheball hitsa
player firstit cancels the timer andreverts to the justSpawned timer. The Update method does
notcheck thattheballisa local ball. Thereforethiswill run onallclientsfor all ballsandreset
the local state of the ball. Thisisin case of LAG or dropped packets we wantto besuretheball
resets correctlyfor thelocal player so things lookto behave correctly.

BallManager OnCollisionEnter

The OnCollisionEnter method is an eventaction called when the ball hits something. Wethen
checktoseeiftheball hitsa player whichisa resetaction. Otherwise welettheballbounce
around untilthethrow timer expires. If the ball hits a player we then checktoseeifit’sa local
or remoteavatar. Ifit'sa local player we couldapply damageto that player and perform other
player actions. Wealsoinitiatea ballreset. Iftheplayerisa local player, weissuethereset
usinganRPCsoallclientsarereset. If the playerhitisa remoteavatar, then we just process
the hitlocally. Wedon’tapply any damageandjustresettheball sothings ook coorect. This
conceptgoes backto whatl said earlierabout a hybridstyle GS, where we perform some |l ogic
inthe GSto handletheballs, but other actions are controlled by the local players, on whatever
clientthey areassociated to.

BallManager ReSetBallBackToSpawnArea
The ReSetBallBackToSpawnArea method is basicallya wrapper forthe OnlnitBall method inthe

BallSpawnManager class. The wrapper needs to find the BallSpawnManager class, locate the
rightspawn areaintheclass by looking it up from the ballSpawnArea array, then calling on
OnlnitBall withtherightvalues.

Ball Manager Code:

using UnityEngine;

public class BallManager : MonoBehaviour {

public bool thrown; // Flag when the ball is being thrown
public bool pickedup; // Flag when the ball is being picked up
public int ballSpawnElementlD; // Initial spawn point based on PickupSpawn Points in level used to

// respawn after ball destroy




float timer; // timer once ball is thrown to perform self destruct, and to prevent
// immediate pickup after respawn
public float throwDurationTimer;

public bool justSpawned; // Don't allow the ball to be picked up immediately after spawning
public float pickupDelay; // How long to wait before it's ok to pickup the ball after a ball
// respawn

// Use this for initialization
void Awake () {

timer = 0.0f;

thrown = false;

pickedup =false;
justSpawned = false;

}

void Update()

{

if (thrown )

{

timer += Time.deltaTime;

if (timer >= throwDurationTimer ) //if after 5 seconds we don't collide with anything
// then perform the respawn anyway

ReSetBallBackToSpawnArea();

1

else if ( justSpawned )
{

timer -= Time.deltaTime;
if (timer <=0)

{

timer = 0.0f;
justSpawned = false;
}

}

}

// Once the ball is thrown, look for a collision with a player and upon collision respawn the ball
void OnCollisionEnter(Collision gothit)

{

if (thrown )

{

// If the collision is with a Player (we know we aren't hitting ourselves because we
// disabled collision on the throw)

if ( gothit.gameObject.tag == "Player" )

{

// If the player we hit is a local player, not a remote avatar

// then maybe perform some damage processing here and potentially

if ( gothit.gameObject.networkView.isMine )

{

// pseudo code example of what you might do

//in reality you'd probably call a method associated to the player to

// perform this logic




//gothit.gameObject.damage -= ball.damage;
//if ( gothit.gameObject.damage <=0 )
y/4 player dead;

// If we hit a local player, not aremote player then tell all clients to
// reset the ball

networkView.RPC(" ReSetBallBa ckToSpawnArea",RPCM ode.All);

1

else

ReSetBallBackToSpawnArea();

1

1

1

[RPC]

public void ReSetBallBackToSpawnArea ()

{

// Change state for the Ball to be pickedup
BallSpawnManager _bSM =

(BallSpawnManager)GameObject.Find ("Pi ckupS pawn" ).Get Co mpo nent (typeo f(BallSpawnManag er));
Transform spawnArea =_bSM.ballSpawnArea[ballSpa wnE leme ntID]. tra nsform;

_bSM.OnlnitBall( ballSpawnElementID,

spawnArea.position, //Set the ball's position to just a neutral location (when

// picked up the renderer will be disabled so it wont be seen anyway)

spawnArea.rotation, //Set the ball's position to just a neutral location (when picked up
// the renderer will be disabled so it wont be seen anyway)

false, // Itis picked up
false, // It's not thrown
Vector3.zero, // No motion on the ball when it's picked up

Vector3.zero,
Vector3.zero,
Vector3.zero);

timer = pickupDelay; //reset the timer
justSpawned = true;

}
}

Now associate the BallManager script to the BallPickup Prefabin the Project Window. Choose
BallPickup Prefabinthe Project Window then draganddropthe BallManager script from the
Program Window to a freeareainthe Inspector Window.

Sowe’re justaboutto have a workingprototype of a fully networked multi-player game, where
playerscanjoin and depart, players can walk around, collide into objects appropriately, spawn
balls to a pickup spawn area, pickupballs, throw balls and applydamageifnecessarywhen a
ball hitsaplayer.




Updating Prefabs:

Updating the Player Prefab

We need to makea quick changeto the Player Prefab. We need to add a sub model objectin
the position of theright hand. Technically it doesn’t need to be positioned perfectly, the code
will work no matter where we position it, butl setitup moreorlessasa righthand. Tostart
with createa new Sphere using “Game Object / Create Other /Sphere” andrenameitto
RightHand. Then Del ete the Sphere collider component.

Next Copy the Player Prefab from the Project Window over to the Hierarchy window. Then
Copy and dragtheRightHand objectintothe player in the hierarchy. Now modify the
transformforthe RightHandto be (18,0,0) andsetthescaleto (10,10,10) andleaverotationto
(0,0,0). Thisshould position the right hand object (foe ball) more or less inthe position of
wherethe righthandwould be.

Whilewe'reherel also wantto setup the LeftHand. Wearen’tusingityet, butwewill beinour
nextsection so we mightaswelldoitnow whilewe’re here. Let’s createa new capsule this
timeusing “Game Object / Create Other /Capsule” andrenameitto LeftHand. Let’s deletethe
CapsuleCollider fromthe object. Now dragthe objectinto the playerand modifythe transform
for the LeftHand to be (-18,0,0) and setthescaleto (5,8,5) and change rotationto (90,0,0). This
should position the left hand object (foe spear) more or less inthe position of where the | eft
hand would be.

Now dragthenewrevised Player object from the hierarchy overtop of the Player Prefab in the
ProjectView. Thiswill replacethe OldPlayer with the new one, now containing a RightHand
and LeftHand Object. Finally deletethe Player Object fromthe Hierarchy so wearejust left
with the Player Prefab.

The new player should looksomething like this:
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Now thatwe seeit working correctly let's modify one more thing. Click on the LeftHand object
inthe Player Prefab and uncheck the MeshRenderer soitdoesn’tdraw. Let’s alsodo thesame
for the RightHand object. Thisissoby defaultwearen’tcarryinganything andwe’ll modify the
render statein code attheappropriate time.

Updating the BallPickup Prefab

We need our BallPickup to be a Networked Object, solf you haven'tdoneso yet, let’s add
networkView component now using “Component / Miscellaneous / NetworkView”

Since we have physics associated to the BallPickup with a “Physics / RigidBody”, we need to
associate the NetworkRigidBody to the BallPickup to properly handle the physics updates over
the network. Click onthe BallPickup in the Project Window and then drag the
NetworkRigidbody code scriptintoa blank area of the Inspector Window.

It's notenough to just have the NetworkRigidBody script added as a component to our object.
Becauseeverything relies on the networkView component, along with the Observed and State
Synchronization properties we need a way to override networkView soinstead of just updating
positionand rotationitalsoupdates the other items managed by NetworkRigidBody. To do this
we need to change Observed from observing the objects transform to observing the
NetworkRigidBody component. To do this:

a. MakesuretheBallPickupisselected inthe Project Window
b. Dragthe NetworkRigidBody componentin the Inspectorand drop itonto the Observed
property of the networkView component.



Initializing Public Variables:

Now that we've completed adding these three new classes there are several public variables
that need to be configured for things to work correctly. We'llnow takea look atthe proper
settings forsome of the publicvariables. Note:someare publicfor easier communications
between classes instead of creating a Get/Set method todoit.

BallSpawnManager Public Variables:

As indicated earlier, BallSpawnManager is associated to the PickupSpawn inthe TestGamelLevel
level wecreated. If you haven’tdoneso already, choose the PickupSpawnin the hierarchy,
then dragthe BallSpawnManager into anempty area of the Inspector

1. BallSpawnArea array
a. ModifySIZEto 2. Thisisthetwo spawnobjectsthatare child objects to the
PickupSpawnobiject.
b. DragthePickupSpawn1to ElementO
c. DragthePickupSpawn2 to Elementl
2. BallPrefabToSpawn
a. ThisistheBall Prefabto use when wedisplay the ball. Dragthe BallPickup prefab
anddropithere

3. SpawnedBalls
a. This willholdtheball reference for each ball once it’s spawned. For now just modify

the SIZE=2, which has to match the BallSpawnArea size. Theindividual elements will
be setin code

4. SpawnDelay
a. SpawnDelayishowlongto waitbeforetheball can be pickedup after it's spawned.

ljustsetitto “1” for 1 second

Here’s a quick look at how the variables shouldlook:

¥ | | ¥ Ball Spawn Manager (Script) &,
Script -] BallSpawnManager o]
¥ Ball Spawn Area
Size 2
Element 0 ~ PickupSpawnl (Transform) ©
Element 1 ~ PickupSpawn2 (Transform) ©
The Ball Pre Fab To Spawn BallPickup 0]
» Spawned Balls
Spawn Delay 1



BallController Public Variables:

As indicated earlier, BallControlleris associated to the Player Prefab. If you haven'tdoneso
already, choose the Player inthe prefabsection of the Project Window, then drag the
BallController into anempty area of the Inspector

1. Pickedup
a. Thisisusedinternally totrack when theplayerisholdingaball. Justleaveit

unchecked andit’llbesetin code

2. Righthand
a. This holdsthe FOE ballin the positionof the right hand. Remember the RightHand

subobject we created as part of the player prefab. Let’s dragthatsubobjectfrom
the Project Window on top of the RightHand publicvariable. By mappingithere we
canjustreferenceitasa local variablein the code. Otherwise, we’d haveto search
foritand we’d find alltheright hands for all the players and then we’d then have to
find the one with the matching parent to the object we were workingin. That would
be really inefficient. By making the linkage this waywe can easily use the objectin
our code without having to search forit.

3. ThrowForce
a. Thisishowmuchforceto usewhen throwing theball. Thevaluereally dependson

how you setthe physics for the BallPickup Prefab. Before we setthe ThrowForce
lets update the BallPickup.RigidBody.
i. Mass=1
ii. Drag=0.2
iii. AngularDrag=0.2
iv. UseGravity=0(Wetogglethisincodesowhensittingat rest we floatabove

the ground)
¥ . Rigidbody @ %
Mass 1
| Drag 0.2

Angular Drag 0.2
Use Gravity |
Is Kinematic ]
Interpolate | None 4]
Collision Detection | Discrete &l
¥ Constraints

Freeze Position L)z

Freeze Rotation Lyl e

b. Withtheabovephysicssetontheballl usea force= 20,000.
You can play with itand try different values until you find
something youlike
4. Pickedup Ball Spawn ID



a. Thisissetincodeand canbeleftequalto0

5. The Ball Throw Model
a. ThisistheBall PickupPrefab. Justdragthe BallPickup Prefabfrom the Project

Window and dropithere
6. Player Body
a. ThisisthePlayerBody Capsule wecreated as part of the Player Prefab. Justdragthe
PlayerBody subobject of the Player Prefabfromthe Project Window and drop it
here. Weusethis to easilyset “No collision” on the playerbody of the player
throwinga ball or spear.

Here’s a quick look at how the variables shouldlook:

A tmttor ettt Sttt 0 S detiod Jibat 2 -~ -

¥ | ¥ Ball Controller (Script) G
Script |) BallController o]
Pickedup |
Righthand RightHand o]
Throw Force 20000
Pickedup Ball_Spawn ID 0
The Ball Throw Model BallPickup (o]
Player Body PlayerBody o]

' Preview

BallManager Public Variables:

As indicated earlier, BallManager is associated to the BallPickup Prefab. If youhaven’tdoneso
already, choose the BallPickupinthe prefab section of the Project Window, then dragthe
BallManagerinto an empty area of the Inspector

1. Thrown
a. Thisisjustaflagusedinthecode.Leaveitunchecked.
2. Pickedup

a. Thisisjustaflagusedinthecode.lLeaveitunchecked.
3. Ball Spawn Element ID
a. ThisissetincodewhentheBalliscreated to associatetheball tothespawn area
usingthearray elementID



4. Thrown Duration Timer
a. Thisishowlongto waitafterthrowingthe ball before auto destroyingand

respawning
b. Setequalto10
5. Just Spawned
a. Thisisjustaflagusedin codeandshouldremain unchecked
6. Pickup Delay
a. Thisishowlongto waitafterrespawning the ball
b. Setequaltol

Here’s a quick look at how the variables shouldlook:

v | | & Ball Manager (Script) %,
Script | BallManager o]
Thrown
Pickedup
Ball Spawn Element ID
Throw Duration Timer
Just Spawned
Pickup Delay

sl e S E]

CONGRATULATIONS,we’re done:

Wow, | think we’'vedoneit. Atthis pointif| haven't forgotten anything | think we’re doneand
ready torunthegame. Youshouldnow beableto walk around pickup balls, throw them at
other players andhave full networking support for up to 32 players using the settingsin the
code.Giveita tryand goodluck!



Appendix A - Managing dynamic Objects

Creating a Throwing Spear

How about welook atimplementing one morething? | alreadyhadyou createthelefthandon
the playerholding a foespear. You probablyhave enough of the basics to figureitouton your
own buttherearea few things we've notreallytouched on sol thought we couldaddthis
additional functionality without too much trouble.

Unlikethe Ballsthat wereinstantiated atthe gamestart-upby the GS and toggled on and off,
this time we will actually instantiate and destroy a new spear every time wethrowit. Thisway
you’ll learna new technique thatis more commonlyusedfor things like weapons fire or other
dynamicrequirements where the number of objects is unknown.

Wealready havethefoespearfor the player’s left hand. Let’s go backtothePlayerprefabin
the Project Window andturn the LeftHand object back on. We wantthedefaultstarting state
to havetheplayerholding thespear. Then each time we throw the spear will create a timer
then destroy thethrown spear,anduse a separate timer to instantiatea new spear.

Now we wantto createtheactual spearwe’ll throw so to do thatlets use “Game Object/
Create Other /Capsule”. Renamethenew capsuleto “Spear”. Let’s modifyits position to
(0,0,0) and rotation to (0,0,0) and changeitsscaleto (5, 8, 5).

Next let’s add a physics rigidbody to the spear using “Component / Physics / Rigidbody”

Set the Massto 1

Set the Dragto 0.2

Set the AngularDragto 0.2
Disable Use Gravity

A W N B

Let’s add a Network View Component using “Component / Miscellaneous / Network View”
Now add the NetworkRigidBody script we havein the Project Window to the Spear

1. SelecttheSpearintheHierarchy andscrolldowninthe Inspector to a clear spotor the
end

2. DragtheNetworkRigidBody script from the Project Window and drop itonto the
bottom of the Spear Inspector Window

3. Now Modify the networkView.Observed and changeit from the actual object to this
script component by dragging the NetworkRigidBody componentinthe Inspector and
droppingiton the networkView component Observed property, in the same Inspector
Window.



DragtheSpear to the prefab, andthen deletethe spearfromthe hierarchy.
Excellent. Now we're going to add two new code modules:

Spear Code:

Spear Controller will beassociated to the playerandused to keep track of the player state of
the spear. It'll control when the player can throwa spear, using a reload timer. When the
player throws a spear it'll instantiate the spearon all clients usinganRPCcall. Italsotoggles
the foespear on/off soitlooks like the player is holding the spear.

We do something special here when instantiating the spear. Only a local player caninstantiate
a spear, butifthatplayer drops whilethe spearis mid-flight, we don’twantto losethespear. If
the local player is controlling the trajectoryand updating the spears location, andthat player
goes away thespear would be orphaned. To rectifythis weactually send a directed RPC just to
the server askingitto createthespear,andthentheserver sendsanRPCto all clients to create
the remote spear avatar. Thisway the Spearis associated to the GS, and if a remote client
player disconnects it won’t affectthespearasittravels.

We could havealsohandled this by lettingthe local playerinstantiate the spearand control the
spear movement, butif the playerdropped we’d haveto ensuretwo things; onethatthespear
wasn’tdestroyed as part of the OnPlayerDisconnected andtwo thatthe spearkepttraveling by
usingthe predictioncode. Both canbeachieved, but| won’tgo into detailhere. | do discuss
orphanedobjects brieflyin Appendix B under “Advanced Concepts”. As for advanced prediction
updates, the current NetworkedRigidBody code stops if no updateis received after 500ms. Ill
leaveittoyoutofigureitoutifyouresoinclined ©

SpearController Code:

using UnityEngine;

public class SpearController : MonoBehaviour {

public bool thrown; // flag when the spear is thrown

public GameObject lefthand; // foe spear used for showing the spear carry'd in player's left hand

// and starting spot for throwing

public float throwForce; // how hard to throw the spear

public GameObject theSpearThrowModel; //Model Prefab used when throwing the spear

public GameObject playerBody; // reference back to the playerbody so we can eliminate collision on
// the originating player when throwing the spear

public float ReloadTimer; // Amount of time after throwing a spear before we can throw again
float timer; // general timer

// Use this for initialization
void Start () {
thrown = false; // When thrown s false, the spear should be in our hand




}

// Update is called once per frame

void Update ()

{

// NOTE: We don't DISABLE the SpearController on remote avatars as we do the PlayerControlle r
// because the various methods (functions) in SpearController are used even on the remote

// avatars to set different local state events. Therefore, on any keyboard, mouse or other

// input events we should only do it if the networkView.isMine is true. This means we're

// performing the action on the local player, not a remote avatar. Without this, if multiple players
// were holding aspear, then pressing throw would throw the spear for all players holding the

// spear

// When a spear is thrown we use a timer to simulate the reload time so we can then carry
// another spear

if (thrown && timer >0)

{

timer -= Time.deltaTime;

if (timer <= 0) // When the timer reaches 0, we can reload

{

// NOTE: We aren't calling this with an RPC. The timer will run on each client
// and reload the spear into the client hand. We don't need to generate any
// extra network traffic unnecessarily and only the local player can fire the

// weapon anyway

//

ReloadSpear(); //Changes the player thrown flag to false, and toggles the foe
// spear in the players hand

}

}

else

{

// If we're the local player, and we're holding aspear and we press the left mouse button
// then throw the spear

if ( networkView.isMine && !thrown && Input.GetMouseButtonUp(0) )

{

// Tell all remote players to throw the spear

// Not buffered because whenever a new player connects we catch the

// OnPlayerConnected event in Instantiate then use the UpdatePlayerState to
// make sure the players are correctly showing the spear if they're holding it.

// When throwing a spear we update the player that its no longer carrying the
// spear and turn off the foe spear so we aren't holding it anymore
// we then spawn a new spear from our current location

//

// Position the spear relative to the players mount point (which is their left

// hand)
// Throw the spear relative to the player

// Use the playerBody to disable collision with the throwing player

// use the player forward (transform.rotation) to ensure the throw is in the right
// direction

//

// We Actually do things a little different here. Inthis case we're sending the

// request to spawn a spear to the server, and then let the server send an RPC to




// spawn the spear on all the clients. This is so when a client disconnects, any
// spear they've thrown doesn't also go away because the owner goes away. By
// letting the server send it, the objects seemingly spawned by a player will still
// exist if the player should drop

if ( Network.isServer )

{

OnServerThrowSpear( lefthand.transform.position,

transform.rotation,

throwForce );

1

else

networkView.RPC("OnServerThrowS pear",

RPCMode.Server,

lefthand.transform.position,

transform.rotation,

throwForce );

1

1

1

[RPC]

void OnServerThrowSpear( Vector3 newpos, Quaternion newrotate, float throwForce)

{

// Generate a networkview.viewid so we can send it to all the clients and have them associate
// the remote spear avatars with the GS

NetworkViewID _nvid = Network.AllocateVie wID();

// Call the RPC to instantiate the spear on all clients
networkView.RPC("OnThrowS pear"”, RPCMode.All, _nvid, newpos, newrotate, throwForce );

}

[RPC]

// When throwing a spear we need to update the player to hide the foe spear and set the reload timer
// so the player can reload anew spear. We then instantiate a new spear as a network object

void OnThrowSpear( NetworkViewID _nvid, Vector3 newpos, Quaternion newrotate, float throwForce)
{

// Setup the new position and orientation for the ball

Transform newPos =new GameObject().transform;

newPos.position = newpos;

newPos.rotation = newrotate; // we passed in the players rotation, so we get the right

// orientation

newPos.Rotate( 90.0f, 0.0f, 0.0f ); // We want the spear facing forward, but by default a capsule

// is oriented up and down, so rotate it forward 90 degrees so it

// faces front

// Setup Player State to be throwing the ball

// the ball is no longer picked up so we can pickup another ball

thrown = true;

// Set the lefthand foe spear NOT to render so it looks like we're no longer carrying the spear
MeshRenderer spearinHand = (MeshRenderer)lefthand.GetCom ponent(ty peof(MeshRenderer));
spearinHand.enabled = false;




// Instantiate a local avatar of the spear

GameObject _spear = Instantiate( theSpearThrowModel,

newPos.position,

newPos.rotation) as GameObject;

// Get the local networkView component of the new spear

NetworkView nview = (NetworkView)_spear. GetCompone nt( type of( NetworkVie w));
nview.viewlD = _nvid; //Save the Global Identifier for the spear sowe’ll properly receive
// network updates

// don't collide with ourselves

// grab the players collider
CapsuleCollider parentcollider = (CapsuleCollider)playerBody.GetCo mponent(typ eof(CapsuleCollider));

// grab the spear collider
CapsuleCollider spearcollider = (CapsuleCollider) _spear.GetCom ponent(ty peof(Ca psuleCollider));

Physics.IgnoreCollision( parentcollider, spearcollider); //disable collision between the two
// colliders

// Because the spear model is rotated 90 degrees to have it look right, we add a force along the
// UP vector instead of the forward vector. Ideally we'd be loading a correctly oriented model so
// we didn't have to do cheats like this, but it gets the job done

//

// Note: we only set the force on the GS, and we rely on the NetworkRigidBody script to perform
// the smoothing and prediction necessary to keep the spear traveling

if ( Network.isServer )

_spear.rigidbody.AddForce( newPos.up * throwForce, ForceMode.Force);

// We need to store the throwing player as part of the spear object, so if the spear hits something
// and we destroy it before the timer runs out we can reset the original player to be holding the
// spear again

SpearManager _sm = (SpearManager)_spear.GetCom ponent(typeof(S pearManager));
_sm.ThrowingPlayer = this.gameObject;

timer = ReloadTimer;

}

public void ReloadSpear()

{

// Setup Player State to be throwing the ball

// the ball is no longer picked up so we can pickup another ball

thrown = false;

// Set the lefthand foe spear NOT to render so it looks like we're no longer carrying the spear
MeshRenderer spearinHand =(MeshRenderer)leftha nd.GetCom ponent(ty peof (MeshRenderer));
spearlnHand.enabled = true;

}
!

If you haven’talready done soplease associate the SpearControllerto the Player Prefab by
copyingintoan open areainthe Player Prefab Inspector Window.




Spear Manager will beassociated to the spear prefab and used to time how long the spear
stays air born anddestroy the spearafter the allotted time. It'll also check forspear collision
andifthespearhits anything it’ll destroy the spearimmediately. If thespear collisioniswith a
local player then we performanRPC call to destroy thespearon all clients. However if the
spear hits a remote player avataror anon player, then we just perform a local destroy. This s
because LAG can cause us to miss ahiton oneclientbut notanother,andtheonethatcountsis
the onethatis thelocal player. Remember, we've designed a hybridstyle GS, wherethe
individual clients can make some decisions, just notall.

SpearManager Code:

using UnityEngine;

public class SpearManager : MonoBehaviour {

public GameObject ThrowingPlayer=null; // Reference to the player that through the spear, incase we
// need to keep score of who gets hit/kill points

public float flightTime; // How long to let the spear travel if it doesn't hit something
// before respawning the spear

float timer;

void Start()

{

timer = flightTime; //Startup a timer when the spear is thrown

}

void Update()
{

timer -= Time.deltaTime;

// When the timer expires perform a cleanup of the spear and reset the player to be holding a
// spear

if (timer <=0)

{

OnSpearRemove(); // After an appropriate flight time (delay) remove the spear

// by destroying it.

1

1

// When the spear hits a local player then we can apply damage to the local player. We also want to

// immediately stop processing of the spear so we use an RPC to stop the spear on all clients and respawn
// it to the players hand

//

// However, if the spear hits anything else we destory the spear locally only. That's because due to LAG we
// might miss the player on one client but hit it on the client where the player is local. Therefore we only
// perform a local cleanup so if we do hit the local player on another client then we'll still award the hit

//

void OnCollisionEnter(Collision gothit)

{




// If we hit a player and the hit player is local on the client where the hit is occuring
if ( gothit.collider.tag == "Player" && gothit.collider. networkView.isMine )

{

// Apply damage to the hit player

//

// ... do it here

// since we hit a local player perform a full cleanup on all clients using the RPC
networkView.RPC("OnSpearReSpawn", RPCMode.All);

}

else // if we hit a remote avatar or the cube in the center of the level then just cleanup the local
// spear but let it keep traveling on the other clients

{

// This is a local cleanup only because the spear could still hit a local player on another
// client

OnSpearRemove();

1

1

[RPC]

// When cleaning up a spear just get rid of it
public void OnSpearRemove()

{

// Destroy the local spear
GameObject.Destroy( gameObject );

}

If you haven’talready done soplease associate the SpearManager to the Spear Prefab by
copyingintoan open areaintheSpear Prefab Inspector Window

Now the final step is toinitialize the public variables to the two new classes:

Spear Controller Variables:
1. Thrown
a. Thisisaninternalflag, leaveitunchecked
2. LeftHand
a. Thisisareferenceto the LeftHand subobjectinthe Player Prefab.
b. DragtheleftHand sub object fromthe Player Prefabin the Project Window and
dropitonto thisfieldinthe Inspector.
3. ThrowForce
a. Thisishowhardtothrowthespear. Feel freeto play withit.
b. I'veused 20,000
The Spear Throw Model

o




a. ThisistheSpearPrefab. Justdragand drop itfromthe Project Window onto this
fieldinthelnspector
5. Reload Timer

a. Thisishowlongittakestoreloadafter throwinga spear.
b. luse3




Spear Manager Variables:
1. ThrowingPlayer

a. ThisissetbySpear Controller when a new spearisinstantiated
b. It's notcurrentlyused, butthepurposeisifyou ever wantto apply rewardsfortoa
player when they deal damage or death, then this tells us what player to reward

2. FlightTime
a. Ifthe spear neverhitsanything then we destroythe spearaftera certaintime
b. lTuselO
v || Spear Manager (Script) ﬁ %,

Script ) spearManager o]

Throwing Player None (Game Object) [o]

Flight Time 10

v

That’s it, you should now be able to throw a speararound too.

Please see my Conclusion Page at the very end before closing this tutorial.



Appendix B - Advanced Concepts Visited

So Ithought it might be appropriate to discuss some advanced concepts that can sometimes be very
confusing and overwhelming. These commands (and others) have their purpose and can provide great
control over how you manage networking in your game. However theyalso require a little care and
attention. We’ll discussthem briefly here, then you can do your own research and maybe you’ll write an
advanced tutorial for the rest of us:

Buffered RPC commands

Buffered commands such as RPCMode.AllBuffered actually save RPC commands on the server and then
execute those commands in the future whenever a new player/client connects. This seems useful at
firstto ensure a proper level load perhaps, but can become confusingifyou planto use it for creating
dynamic objects in your scene. In my opinion its best left for loadingthe level and any dynamic but
mostly static objects that once created will rarely be deleted or destroyed. This is because the code to
remove them from the buffer can be difficult to keep track of depending on how many places in your
code you might do something, and the overhead in updatingthe buffer oftenis probably not that
efficient. Therefore, | wouldn’t use it for highly volatile things like weapons fire, but you might use it to
spawn vehicles which don’t change too often, they just move to a new location within the scene.

The otherissue with buffered requests is that you can’t update a requestand a value. Forexamplein
the case of the Balls, we probably could have used AllBuffered to create the balls, and then they’d
automatically be instantiated on any new client that joins. Howe ver, we toggle the ball rendererand
collider on and off at different points. If we constantly added those commands to the buffer too, it
would just grow the buffer too large. If we constantly deleted and created a new ball in the buffer that
would be an inefficient use of the buffer causing extra processingin the game. Instead, | think managing
the balls ourselves using callback events as we did is a better approach.

On the surface buffers might seem great because you can remove all objects for a player, or all objects
for a specific viewID. However, what I've struggled with is wanting to remove just certain objects, or
better yet update an objectin place (the ball sample mentioned above). I’'ve found it too inefficient to
manage the buffer this way. One way around this is to use different networking groups (discussed
below), but that comes with its own complications.

I’ve personally felt better to keep track of specific objects at either the GS level or the player level,
knowing anything managed by the player lives/dies with the player and anythingthat needs to persist
even if the player leaves should be managed by the GS. You’ll notice the balls are managed by the GS if
you look closely and the spear toois managed by the GS. This allows the playerto disconnect and the
object he threw continues to travel and cleanup as expected.



A few commands to consider ifyou want to play with buffers include:

1. Network.RemoveRPCs ( ...)

a. With this you can remove all Buffered commands for a specific player

b. .. for aspecific networkView.viewlID

c. ..for aspecific playerand a specific Network Group

2. Network.DestroyPlayerObjects (...)

a. Use with caution

b. If a playerinstantiatessomethingthen you call this you’ll end up destroyingthe player and
whatever the playerinstantiated. So if you instantiate the spear with the player then call
this and the player logs out you alsolose the spear

c. You might useittoinstantiate things thatare partofthe playerandshould leave with the
player

3. Network.Destroy( ... )

a. Justdestroythe specific GameObject but leave anythingthat was instantiated by that
object. This can be ok as longas that’s the behavior you want, and any game specific logic
to deal with those instantiated objects, including updates and cleanup is part of the
instantiated object itself, and not code that was part of the deleted parent.

b. There’s no in-between this way. Eitherall are destroyed or non are destroyed

I think the only place l used buffered commands in this eBook was to create the level itself whichis all
static.

Networking Groups

Network Groups are a way to control sending messages just to a specific group. For example, ifthe
game will have teams and you want to just send RPC calls to other team members, using groups is one
way to accomplish it. Another benefitto groups has to do with cleaning up Buffered requests as you can
cleanup all requests for a single group. Therefore you might use groups to organize different events that

occur and allow all clients to receive the group message, or just s pecific clientssuch as team members.

You also improve networking overhead by not sending network requests to clients that would just
ignore it, so if you plannedtosend a teamrequest to all players but would accept orignore the request
based on a passedinvariable such as teamid, thisis less efficient asit consumes more networking
overhead thatis very precious. Instead think about using groups.

There are two steps to using groups. First you need to enable a client to receive requestsfora particular
group. Otherwise theyonlyreceive group=0 by default. It’s okto enable a client to receive multiple
groups atonetime. To set a particular group for receive use:

Network.SetSending Enabled (group id, on/off bool);

Nextis to send a command to a specific group. Since we send commands with RPC’s, the way we direct
an RPC to a particular group is to use the networkView.group command. networkView.group is anint
andto setityouuse:



networkView.group = {group #}

If you want tosend an RPC to all players then use the default group=0

SetLevelPrefix

Using SetLevelPrefixis a nifty technique if you have a multi-player game that can have players switch
levels at different times, independent of other players. If you think about what happens for a moment,
all players are stillconnected, and so far we’ve assumed both playersare in the same level. Therefore,
we want them to receive all updates. However, ifa player switches levels, you don’t want bleed-
through of updates meant for the otherlevel. For example ifa player throws the spear we instantiate a
new spear, but we only want to instantiate that spear for players on the same level. We don’t wantan
arbitrary spearto appearfora player that might have switched levels. To let Unity3D do this
automatically for you just set the Level Prefix before you switch levels. This will ensure you don’t receive
any network updates meant for activity occurring on another level. To set it just use:

Network.SetLevelPrefix( {integer value} );



Appendix C - Try This

1. Add code to properly update the Player State for the spear when a new client connects.
2. Create ascoringsystemand apply damage for hits
a. Try 1 pointfor eachspear hit
b. Try 4 points for each ball hit
c. Playto12
d. Add agame overpage
i. Show the score
ii. Highlight who won
iii. Returnto Master Game Server Lobby
3. Add a bunch of dynamic obstacles such as columns to navigatearound
a. Use AllBufferd to create the columns
b. Setthe columns totake a damage of 10
c. Setthe columnstoonlyreceive damage from a spear, not from a ball
d. When damage reaches 10 remove the column, and correctly remove the entryin the GS
Buffer
Add some particle systems
Add some sound
6. Or create anentirely new game from scratch usingsome ofthe ideas learned here



Appendix D - Objectto ScriptAssociations

MasterGameServerLobby Level
MasterServerMenu (Object in Hierarchy)

a. NetworkView
b. NetworkMasterServer
c. NetworkLoadLevel

TestGameLevel Level
PickupSpawn (Object in Hierarchy)

a. BallSpawnManager
PlayerSpawn (Object in Hierarchy)
b. InstantiatePlayer
Player Prefab (Prefab Object in Project Window)

RigidBody
NetworkView
NetworkRigidBody
PlayerSpawn
BallController

>S @ - oo o o0

SpearController
BallPickup Prefab (Prefab Object in Project Window)

i. RigidBody

j.  NetworkView

k. NetworkRigidBody
I. BallManager

Spear Prefab (Prefab Objectin Project Window)

m. RigidBody

n. NetworkView

o. NetworkRigidBody
p. SpearManager



Conclusion

So we've covered justabout everything I’ve set out to cover and there’s actuallystill a lot to
learn about network programming, but | hope this eBook has provided you with enough of the
foundations to getyou started creating somereally awesome game. Please email meifthereis
anything| can doforyou, andvisit my website at http://www.3dmuve.com. Feel freeto use

my forums to ask questions, or leave comments on my blog.

Youcanreachmeat:

Laurence (Quadgnim) Grant
larry.grant@ 3dmuve.com
@quadgnim

Thanks All,

Larry


http://www.3dmuve.com/
mailto:larry.grant@3dmuve.com

