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1 Introdu
tion1.1 PurposeThe purpose of this do
ument is to give the reader a good understanding ofthe design of the system. After reading this do
ument, one should be ableto implement the system as des
ribed in the Requirements Do
ument.1.2 S
opeThis do
ument 
ontains des
riptions of the 
lasses and fun
tions, and howthey intera
t. It also 
ontains information about how the interfa
e will looklike as well as test 
ases for the fun
tionality to make sure the program willwork as intended when 
ompleted1.3 Intended audien
eWe expe
t the readers of this do
ument to be those who are supposed toimplement the system i.e. programmers. There is therefore ne
essary tohave some programming knowledge to fully understand this do
ument.1.4 Version historyDate Version Summary2008-01-28 0.1 Se
tion 2.2 and 2.3 added.2008-02-04 0.2 Se
tion 4 added.2008-02-11 0.3 Se
tion 5.1 to 5.4 added.2008-02-18 0.4 Se
tion 5.5 and 5.6 added.2008-02-25 0.5 Se
tion 6 added.2008-03-03 0.6 Se
tion 1 added.2008-03-05 0.7 Se
tion 3 added.2008-03-06 0.8 Se
tion 2.1 added.2008-03-10 1.0 First version of the do
ument 
ompiled.1.5 Referen
eA do
ument that is related to this is the Requirements Do
ument (version1.0). If there is referen
es to a RD, it is this Requirements Do
ument thatis to be referen
ed to.The do
uments that result from this do
ument is the ImplementationPlan (IP) and the Final Do
umentation (FD).4



1.6 Glossary
• A
torSomeone or something that intera
ts in a use 
ase.
• AETDAr
h-Enemy Tower Defense is the name of our game.
• AIArti�
ial Intelligen
e, a 
omputer system that a
ts as if it 
ould think.
• Blo
kingA tower is blo
king if it is pla
ed in su
h a way that monsters 
an �ndno path between their 
urrent position and the goal.
• C++A programming language that we will use to build our system.
• ClientOne of the players in a multiplayer game that 
onne
ts, rather than
reate, the game.
• Client-
omputerThe 
omputer of a 
lient player.
• CompilerWhen 
ompiling the 
omputer translates the written 
ode to a languagethat the 
omputer 
an read.
• Exe
utable �leA program that 
an be exe
uted on a 
omputer.
• Fun
tional requirementA fun
tion that will be in
luded in the �nal produ
t.
• GUIGraphi
al User Interfa
e is the graphi
al interfa
e that the systempresents to the user.
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• HostOne of the players in a multiplayer game that 
reates, rather than
onne
ts to, a game. There is only one host for every multiplayergame.
• Host-
omputerThe 
omputer of the host player.
• IP-addressAn Internet Proto
ol-address is used for 
onne
ting 
omputers overnetwork. Mu
h like how telephone numbers 
onne
ts telephones.
• MonsterObje
t moving from one side of the playing �eld towards the other.
• OpenGLOpen Graphi
s Library is a free sour
e graphi
al library that 
ontainsfun
tions to implement a graphi
 environment.
• Playing �eldAn area individual to ea
h player where towers 
an be built and mon-sters move.
• So
ketA so
ket is a 
ommuni
ation end-point unique to a ma
hine 
ommuni-
ating on an Internet Proto
ol-based network.
• TowerA stationary obje
t pla
ed on a playing �eld that shoots at monstersin range.
• UDPUser Datagram Proto
ol, a spe
i�
 set of rules used in networking.
• Use CaseA step-by-step des
ription of a fun
tion of the system.
• Web-serverA storage spa
e for �les on the Internet. It allows users to downloaddata from the server. 6



1.7 SummaryThe design do
ument is a guide for a programmer to follow when 
onstru
tingthe game. It starts o� with a general overview of the system and issues tobe taken into 
onsideration. It also 
ontains des
riptions of the graphi
alelements of the game as well as what fun
tions they relate to. All 
lasses inthe game are des
ribed in detail, in
luding major methods for ea
h 
lass andhow the 
lasses intera
t with ea
h other. Finally there are test 
ases of howto test the fun
tionality from the RD.
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2 System Overview2.1 General Des
riptionAr
h-Enemy Tower Defense is a strategi
 game whi
h supports both single-player and multiplayer features. The general idea of the game is to stop agroup of monsters from 
rossing a 
ertain area and rea
hing their goal. Forea
h monsters that manages to 
ross the area the player looses points andwhen a 
ertain amount of monsters have passed the player has been defeated.2.1.1 Singleplayer modeIn singleplayer mode the player tries to survive for as long as possible withmonsters arriving at set intervals. With the gold earned from killing a mon-ster the player 
an 
hoose to build new towers or upgrade existing towersand thereby improving his defensive 
apabilities. When playing singleplayermode the user has no need for an Internet 
onne
tion.2.1.2 Multiplayer modeIn the multiplayer mode two or more players are playing against ea
h other.Players 
an see 
ertain information 
on
erning the progress of their oppo-nents. They 
an then 
hoose to spend their gold either on building andupgrading their towers, as in the singleplayer mode, or on sending monstersto their opponents. One of the players in a multiplayer game will be hostingby 
hoosing the host option from AETDs main menu. This will allow otherplayers to 
onne
t by 
hoosing the join network game option and then spe
-ifying the IP-address of the host 
omputer. In this mode players 
an also
hat with ea
h other.
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2.2 Overall Ar
hite
ture Des
ription

ClientThe 
lients job is to handle the game data for the parti
ular user asso
iatedwith it and to provide a graphi
al interfa
e for said user. The Input managertakes input from the user and sends data to the Game engine. The Gameengine then pro
ess the data and sends it to both the Graphi
al managerand the Network manager. The Graphi
al manager updates the graphi
alinterfa
e from the given data. The Network manager sends the data to theNetwork manager in the server.ServerThe servers job is to manage the 
lients that are 
onne
ted to it and todistribute information re
eived from the individual 
lients to all others. The9




ommuni
ation between the Network manager in the 
lients and the one inthe server is made with the UDP proto
ol.2.3 Detailed Ar
hite
ture2.3.1 Data�ow for user input
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2.3.2 Input manager 
ontrol �ow

2.3.3 Game engine 
ontrol �ow
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2.3.4 Client network manager 
ontrol �ow

12



3 Design 
onsiderations3.1 Assumptions and 
onsiderationsWhen designing our system we have made several assumptions 
onsideringthe spe
i�
ation of the hardware, software and operating system that thegame is to run on. These assumptions have been made to fa
ilitate thetesting of our system but when designing the system we have made 
hoi
esthat opens up for a wider interoperability in the future.Sin
e the majority in our target user audien
e, users who often use their
omputers for entertainment su
h as games like ours, are using the Mi
rosoftWindows XP operating systems, we have aimed to make our system workproperly on Mi
rosoft Windows XP. As su
h we assume that the end userwill run Windows XP and do not guarantee any kind of performan
e on otheroperating systems.In order to use the multiplayer fun
tionality in our game the user mightneed some basi
 knowledge about the 
on�guration of his �rewall and anti-virus software in 
ase it somehow interferes with the 
onne
tion betweenhosts and 
lients.3.2 General 
onstraints3.2.1 HardwareOur system should be fully fun
tional on a system with the following hard-ware setup or something with equal or greater performan
e.
• A pro
essor operating at 1.4GHz.
• A total memory 
apa
ity of 512MB.
• A hard drive spa
e of 50MB.
• A shared video memory of 16MB.3.2.2 SoftwareSin
e the system is written in C++ with graphi
s rendered in OpenGL we
an in
lude all the �les needed to avoid software 
onstraints on the user.

13



3.2.3 Network 
ommuni
ationWhen using the multiplayer fun
tionality the user should have a minimumnetwork speed of 1Mbit/s for the game to run smoothly. We are going to usethe UDP proto
ol when 
ommuni
ating between host and 
lients.
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4 Graphi
al User Interfa
e4.1 Overview

Figure 1: Main menuWhen the game is started this s
reen will be presented to the user. It
ontains buttons leading to the game itself and the settings menu.
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Figure 2: Wait s
reen of the Network gameWhen a user enters a network game (either hosts or joins one) he will bepla
ed in the game-lobby. Here he 
an see who else is 
onne
ted to the gameand 
hat with the other 
onne
ted players.
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Figure 3: In-game s
reenshotThe main graphi
al user interfa
e (GUI) when playing the game looks likethe image above. It's divided into the playing �eld to the left and opponentinformation and tower related fun
tions to the right.It's on the playing �eld where all the a
tion takes pla
e. Monsters appearat the top and try to rea
h the bottom. The user builds towers on the �eldin order to hinder the monsters from rea
hing their goal.The opponent information tells the user how his opponents are doing.With the information given the user 
an de
ide if he wants to send monsters.In the tower related fun
tions, one 
an build, upgrade and sell towers aswell as see information about towers or monsters. This part of the GUI alsogives fun
tions for 
hatting and quiting the game.
17



4.1.1 Flow
hart

Figure 4: Flow
hartThis �ow
hart des
ribes the order in whi
h the images should be inter-preted. It also tells the order that menus and events will o

ur and how toget to a 
ertain point.
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4.2 Detailed des
riptions4.2.1 Main menu

Figure 5: The menu-buttons of the Main menu
• The �Start singleplayer game� button starts a singleplayer game.
• The �Host multiplayer game� button starts up a server in the ba
k-ground as well as sends the user to the game-lobby as a host.
• The �Join multiplayer game� button sends the user to the Join gamemenu.
• The �Change settings� button sends the user to the settings menu.
• The �Quit game� button 
loses the game.All buttons above 
an be initiated either by left-
li
king them with themouse or typing the underlined letter for the keyboard-short
ut.This image implements the fun
tional requirements:
• Play singleplayer game
• Host multiplayer game
• Join multiplayer game
• Con�gure game settings 19



4.2.2 Join game

Figure 6: Enter the server IP to join a Network gameThe join game menu has a prompt in the middle of the s
reen thatprompts the user for an IP-address to a server. On
e the IP of a serveris entered and the user left-
li
ks the �Join� button he is sent to the game-lobby as a 
lient. If the user wishes to go ba
k to the main menu he 
an doso by left-
li
king the 
an
el button.This image implements the fun
tional requirements:
• Join multiplayer game.

20



4.2.3 Game-lobby

Figure 7: The players 
onne
ted before the Multiplayer startAt the top left se
tion of the game-lobby there will be a frame 
ontainingthe names of the 
onne
ted players. For the host user there will be a buttonnext to the names whi
h he 
an left-
li
k to ki
k a player from the game.
Figure 8: The Multiplayer di�
ultyBelow the 
onne
ted players there will be a frame showing the di�
ulty ofthe game. The speed and life of the monsters vary with the game-di�
ulty.To 
hange the di�
ulty setting the user left-
li
ks the box relating to his
hoi
e. The sele
ted di�
ulty box will then be �lled. Only the host 
an
hange the di�
ulty.

Figure 9: Server IP and Start multiplayer game / quit to Main menuBelow the di�
ulty the IP-address of the server is shown, this is usefulfor letting others know what server to 
onne
t to. To start the game, the21



host user must left-
li
k the �Start game� button. If a user wants to leavethe multiplayer session he 
an do so by left-
li
king the �Main menu� button.

Figure 10: Multiplayer wait-
hatTo the right there is a frame for 
hatting with the other 
onne
ted players.To send a message the user types in the 
hat-prompt at the bottom of thes
reen and messages re
eived will be displayed above.This image implements the fun
tional requirements:
• Chat with other players.
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4.2.4 In-game

Figure 11: The playing �eld, with two towers and four monstersThe monsters enters the playing �eld through the gate at the top andwill start moving towards their goal at the gate in the bottom. Monsters arerepresented in the pi
ture with the smileys. Monsters will enter the playing�eld at a set interval maintained by the game, as well as when opponentssend monsters to the player. The towers, represented by the squares withsymbols, are built on the playing �eld by the player. When monsters enterthe range of towers, the towers will automati
ally atta
k them. This will berepresented by a small proje
tile leaving the tower towards the monster.This image implements the fun
tional requirements:
• Sele
t a spe
i�
 monster
• Sele
t a spe
i�
 tower
• Monster movement
• Kill monsters 23



Figure 12: Multiplayer status barThis se
tion shows information about the opponents, that is the otherplayers in the same game. For ea
h other player there will be a separate�eld 
ontaining his name, number of monsters and towers 
urrently on hisplaying �eld, number of lives the he has left and a button to send monstersto him. These values are updated via the network when the values 
hangefor the opponent. When the player left-
li
ks the �Send monsters� button,additional monsters will appear for the opponent and gold will be debitedfor the player.This image implements the fun
tional requirements:
• Send monsters to other players.

Figure 13: Player status bar and build tower-menuThis se
tion 
ontains the di�erent towers that the player 
an build. Tobuild a tower the user must left-
li
k the button representing the tower fromthe menu. The user then left-
li
ks on the playing �eld where he wants thetower to be built. To use the �Sell tower� and �Upgrade tower� buttons, theuser must �rst left-
li
k a tower already built on the playing �eld. He 
anthen left-
li
k the button to preform the task he wanted. At the bottom ofthe s
reen there are buttons for initiating player 
hat and quitting the game.This image implements the fun
tional requirements:24



• Sell towers
• Upgrade towers
• Build towers

Figure 14: Monster and Tower statisti
sWhen a tower is sele
ted, either from the build menu or on the playing�eld, the information box will show information relating to that tower. Thebox will 
ontain information about the name, level, value, range, damageand spe
ial abilities for the sele
ted tower. If a monster is sele
ted instead ofa tower the box will show information relating to that spe
i�
 monster, thatis its name, speed, health, value and spe
ial abilities.This image implements the fun
tional requirements:
• Re
eive information about monsters health
• View individual tower statisti
s

Figure 15: The in-game multiplayer 
hatWhen a user left-
li
ks the 
hat button or uses the keyboard-short
ut, a
hat-prompt will appear at the bottom of the playing �eld allowing the userto send a text message to his opponents. When a message is entered theuser 
an left-
li
k the �Send� button or use the keyboard-short
ut to sendthe message. When the user re
eives a message it will be shown above theprompt.This image implements the fun
tional requirements:
• Chat with other players. 25



Figure 16: The Settings menu4.2.5 Settings menuThis s
reen shows the settings that a user 
an 
hange for the game. Thedi�erent di�
ulties for a singleplayer game 
an be use to determine the speedand health of monsters, this does not a�e
t multiplayer games. To 
hangethe di�
ulty setting the user left-
li
ks the box relating to his 
hoi
e. Thesele
ted di�
ulty box will then be �lled. Below this there will be a �eldwhere the player 
an edit the name that will be shown as his name whenplaying a multiplayer game. To save any 
hanges made, the user left-
li
kson the �Save� button. To return to the main menu without saving, the user
an left-
li
k the �Can
el� button.This image implements the fun
tional requirements:
• Con�gure game settings.
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5 Design Details5.1 Class Responsibility Collaboratior (CRC) Cards
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5.2 Class Diagram
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5.3 State Charts
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5.4 Intera
tion Diagrams (Collaboration diagrams)
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5.5 Detailed DesignAll variables are written in a C++ syntax. That means type �rst and thenthe name of the variable. Get/Set fun
tions for variables will be namedgetVariableName or setVariableName. Variables will be named variable_name.5.5.1 Class: AETDVariablesve
tor<ve
tor <Button>> menuint 
urrent_frameGraphi
s graphi
_managerGame gameInputParser input_managerint di�
ultyString player_nameClient 
lientServer serverFun
tionsmainLoopThe main loop for AETD. Iterates over the menu 
urrently showing to de
idewhat button that has been pressed.
• Input: none.
• Called by: starting the program.
• Validity 
he
ks: Che
ks if there is a 
onne
tion in Client. Does nothingin 
lient if not. Che
ks if there is a 
onne
tion in Server. Does nothingin server if not.
• Calls: sendTo and re
vFrom in Client and in Server and drawMenu.
• Return value: none.showSettingsMenuSets 
urrent_frame to settings menu.
• Input: none.
• Called by: Button. 37



• Return value: none.showNetworkLobbyMenuSets 
urrent_frame to network lobby menu.
• Input: none.
• Called by: Button.
• Validity 
he
ks: Che
ks if a server should be setup. Ignores serverfun
tions if not.
• A

esses: Client 
lient and Server server.
• Calls: so
ket and bind in Client and Server.
• Return value: none.showNetworkJoinMenuSets 
urrent_frame to network join menu.
• Input: none.
• Called by: Button.
• Return value: none.drawMenuDraws the ve
tor<Button> at 
urrent_frame in the menu ve
tor.
• Input: none.
• Called by: mainLoop.
• Validity 
he
k: If 
hat is to be displayed, printHistory is 
alled.
• A

esses: ve
tor<ve
tor <Button>> menu.
• Calls: All fun
tions in graphi
s manager and printHistory in 
hat.
• Return value: none.
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5.5.2 Class: GameVariablesve
tor<Tower> towersve
tor<Monster> monstersve
tor<Proje
tile> proje
tilesve
tor<Button> buttonsve
tor<Player> playersButton 
urrent_targetFun
tionsmainLoopCalls the di�erent update and draw fun
tions in game.
• Input: none.
• Called by: AETD.
• Calls: printHistory in 
hat and moveMonsters, updateTowers, updatePlay-ers, draw and drawDetails.
• Return value: none.moveMonstersIterates over all monsters and 
alls monster fun
tions.
• Input: none.
• Called by: mainLoop.
• A

esses: ve
tor<Monster> monsters and Player.
• Calls: moveMonster and getDieFlag in Monster and setGold and get-Gold in Player.
• Post-
ondition: Removes the monster if getDieFlag is not 0. Gives theplayer gold equal to die_�ag.
• Return value: none.
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updateTowersIterates over all towers and 
alls the di�erent tower related fun
tions.
• Input: none.
• Called by: mainLoop.
• A

esses: ve
tor<Tower> towers and Player.
• Calls: atta
kMonster, getSellFlag in Tower and setGold and getGoldin Player.
• Post-
ondition: Removes the tower if getSellFlag is not 0. Gives theplayer gold equal to sell_�ag.
• Return value: none.updatePlayersChe
ks 
lient for new updates relating to players. If 
hanges to the lo
alplayer has happened set fun
tions in 
lient is 
alled.
• Input: none.
• Called by: mainLoop.
• Validity 
he
ks: Che
ks that the data from the method getInData isinformation relating to number of monsters, lives and towers. Ignoresthe data otherwise.
• A

esses: ve
tor<Player> players, Client 
lient in AETD
• Calls: setOutData,getInData in Client and setLives, getLives, setTow-ers, getTowers, setMonsters and getMonsters in Player and getClientin AETD.
• Return value: none.drawCalls graphi
 with the interfa
e and all entities it has to draw.
• Input: none.
• Called by: mainLoop. 40



• A

esses: Graphi
s graphi
s, ve
tor<Tower> towers, ve
tor<Monster>monsters, ve
tor<Proje
tile> proje
tiles, ve
tor<Button> buttons andve
tor<Player> players.
• Calls: drawEntity in Graphi
s with the entities from the ve
tors andgetLives, getTowers, getMonsters for ea
h player.
• Return value: none.drawDetailCalls graphi
 with data from the 
urrent sele
ted target to draw the detailedinformation box.
• Input: none.
• Called by: mainLoop.
• Validity 
he
ks: Che
ks if Button 
urrent_target is a tower. If not itwill ignore the tower fun
tions. Che
ks if Button 
urrent_target is amonster. If not it will ignore the monster fun
tions.
• A

esses: Graphi
s graphi
s, ve
tor<Tower> towers and ve
tor<Monster>monsters.
• Calls: printString in Graphi
s and getName, getRate, getLevel, get-Damage from Tower and getName, getHp, getSpeed, getLevel fromMonster.
• Return value: none.
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5.5.3 Class: PlayerVariablesint monstersint towersint livesint goldString nameint playerIDFun
tionsGet fun
tions for all variablesReturns the di�erent variables.
• Input: none.
• Called by: Game.
• Return value: the variable value.Set fun
tions for all variablesSet the di�erent variables.
• Input: the variable value.
• Called by: Game.
• Return value: none.
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5.5.4 Class: EntityVariablesString image_nameCoordinate posFun
tionsGet fun
tions for all variablesReturns the di�erent variables.
• Input: none.
• Called by: Game.
• Return value: the variable value.
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5.5.5 Class: Proje
tileVariablesMonster target�oat speedFun
tionsmoveProje
tileMoves the proje
tile towards the target at the speed set by �oat speed.
• Input: none.
• Called by: moveProje
tiles in Tower.
• A

esses: Monster.
• Calls getHp, getPos and setDisplayHp in Monster.
• Post-
ondition: When the position of the proje
tile is equal to theposition of the target it will set the display_hp of the target to its hp.If hp is less than or equal to zero it will set the die_�ag to value.
• Return value: none.
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5.5.6 Class: ButtonButtons will 
ontain a pointer to the fun
tion that will be exe
uted when thebutton is 
li
ked. The fun
tion will be spe
i�ed in the 
onstru
tor. Buttonsinherit from Entity.Variablesfun
tionPointer fun
tion_pointerFun
tionsbuttonFun
tion()Calls the fun
tion asso
iated with the button.
• Input: none.
• Called by: AETD and Game.
• Calls: the fun
tion spe
i�ed by fun
tion_pointer.
• Return value: none.
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5.5.7 Class: TowerTower inherits from Button and every tower-type will have its own sub
lassinheriting from the tower 
lass that 
ontains spe
ialized methods for thespe
i�
 tower-type.Variables�oat range�oat damageint rateint levelint time_to_�reint valueint sell_�agMonster targetve
tor<Proje
tile> proje
tilesFun
tions�ndMonsterIterates over the monsters 
urrently on the playing-�eld to �nd any monsterin range.
• Input: none.
• Called by: atta
kMonster.
• A

esses: ve
tor<Monster> monsters in Game and Monster target.
• Calls: getPos in Monster.
• Post-
ondition: The �rst monster to be found in range will be set totarget.
• Return value: True if a monster is found in range.atta
kMonsterAtta
ks the target is atta
ked with the damage given by the variables.
• Input: none.
• Called by: Game. 46



• Validity 
he
ks: Che
k that Monster target is not null or out of range.Calls �ndMonster if 
he
k fails. Also 
he
ks that timeToFire is true.Otherwise it waits.
• A

esses: Monster target.
• Calls: timeToFire and �ndMonster.
• Return value: none.upgradeUpgrades the tower to the next level, in
reasing the di�erent variables asappropriate.
• Input: none.
• Called by: Button.
• Validity 
he
ks: Che
ks that the tower is not max level and that theplayer has enough gold for an upgrade.
• A

esses: Player.
• Calls: getGold in Player.
• Post-
ondition: Tower is at the appropriate level.
• Return value: none.sellSets sell_�ag to int value.
• Input: none.
• Called by: Button.
• A

esses: ve
tor<Monster> monsters.
• Calls: 
al
ulatePath in Monster.
• Return value: none.
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timeToFireDe
reases time_to_�re with 1.
• Input: none.
• Called by: atta
kMonster.
• Post-
ondition: Sets time_to_�re to int rate if it is 0.
• Return value: True if time_to_�re is 0, false otherwise.moveProje
tilesIterates over all proje
tiles and 
alls moveProje
tile.
• Input: none.
• Called by: atta
kMonster.
• Calls: moveProje
tile in Proje
tile
• Return value: none.Get fun
tions for all variablesReturns the di�erent variables.
• Input: none.
• Called by: Game.
• Return value: the variable value.
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5.5.8 Class: MonsterMonster inherits from Button and every monster-type will have its own sub-
lass inheriting from the monster 
lass that 
ontains spe
ialized methods forthe spe
i�
 monster-type.Variablesint hpint display_hpint die_�agint level�oat speedlist<Coordinate> pathFun
tions
al
ulatePathCal
ulates the shortest path between the 
urrent position and the goal andsaves it in list<Coordinate> path.
• Input: none.
• Called by: 
onstru
tor and sell in Tower.
• Post-
ondition: The path will not be saved if the method returns false.
• Return value: False if there is no path, true otherwise.moveMonsterMoves the monster towards the next 
oordinate in the path at the set speed.
• Input: none.
• Called by: Game.
• Return value: none.setDisplayHpSets display_hp.
• Input: New int value for display_hp.
• Called by: Proje
tile.
• Return value: none. 49



Get fun
tions for all variablesReturns the di�erent variables.
• Input: none.
• Called by: Game and Proje
tile.
• Return value: the variable value.
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5.5.9 Class: Graphi
sVariablesFun
tionsprintStringPrints a string at the position given by the 
oordinate.
• Input: The string and 
oordinate to print.
• Called by: AETD and Game.
• Return value: none.drawEntityDraws an entity with the image and at the 
oordinate spe
i�ed by the entityvariables.
• Input: an Entity to print.
• Called by: AETD and Game.
• A

esses: Entity.
• Calls: getImageName and getPos in Entity.
• Return value: none.drawSquareDraws a 
olored square between the 
oordinates spe
i�ed.
• Input: The 
olor and the 
oordinates of the upper left and lower right
orners of the square.
• Called by: AETD and Game.
• Return value: none.
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5.5.10 Class: ChatVariablesve
tor<String> historyCoordinate posFun
tionsaddInputMessageCalls Client with the message re
eived from the InputManager and adds theit to history.
• Input: The string to send.
• Called by: InputManager.
• A

esses: Client and ve
tor<String> history.
• Calls: setOutData in Client.
• Return value: none.addNetworkMessageAdds the message from the Client to history.
• Input: The string re
eived.
• Called by: printHistory.
• Validity 
he
ks: Che
ks that the data from the method getInData isinformation relating to the 
hat. Ignores the data otherwise.
• A

esses: ve
tor<String> history.
• Calls: getInData in Client.
• Return value: none.
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printHistoryCalls graphi
 with the history variable and the positions given by the 
oor-dinate.
• Input: none.
• Called by: AETD and Game.
• Calls: printString in Graphi
s and addNetworkMessage.
• Return value: none.
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5.5.11 Class: ServerVariablesqueue<String> out_dataqueue<String> in_datave
tor<int> portve
tor<int> ipFun
tionssendToSends out_data to the 
lients.
• Input: none.
• Called by: AETD and Game.
• A

esses: queue<String> out_data.
• Return value: none.re
vFromRe
eives data from a 
lient and stores it to in_data.
• Input: none.
• Called by: AETD and Game.
• A

esses: queue<String> in_data
• Return value: none.so
ketCreates an endpoint at the server.
• Input: none.
• Called by: AETD and Game.
• Return value: none.
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bindFun
tion for setting up the 
onne
tion with the 
lients so
ket.
• Input: none.
• Called by: AETD and Game.
• A

esses: ve
tor<int> port and ve
tor<int> ip.
• Return value: none.
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5.5.12 Class: ClientVariablesqueue<String> out_dataqueue<String> in_dataint portint ipFun
tionssendToSends out_data to the server.
• Input: none.
• Called by: AETD and Game.
• A

esses: queue<String> out_data.
• Return value: none.re
vFromRe
eives data from the server and stores it to in_data.
• Input: none.
• Called by: AETD and Game.
• A

esses: queue<String> in_data
• Return value: none.so
ketCreates an endpoint at the 
lient.
• Input: none.
• Called by: AETD and Game.
• Return value: none.
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bindFun
tion for setting up the 
onne
tion with the servers so
ket.
• Input: none.
• Called by: AETD and Game.
• Return value: none.
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5.5.13 Class: InputParserVariablesbool left_stateCoordinate pos
har keyFun
tions
hatMsgSends a written 
hat message to Chat.
• Input: none.
• Validity 
he
ks: Che
ks that the string written is a 
hat message.
• Calls: addInputMessage in Chat
• Return value: none.leftCli
kChe
ks if the lo
ation of the 
li
k was the lo
ation of a button.
• Input: none.
• Calls: buttonFun
tion
• Return value: none.Get fun
tions for all variablesReturns the di�erent variables.
• Input: none.
• Called by: Game or AETD.
• Return value: the variable value.
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5.6 Pa
kage Diagram

Figure 17: Pa
kage Diagram
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6 Fun
tional Test Cases6.0.1 Download the program
• Des
riptionThe program should be available to download from our homepage.
• Test-pre
onditionUser must have Internet a

ess.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 18.Se
tion 6.3.1 page 22.
• InputAddress to webserver.
• OutputFile downloaded to the users 
omputer.
• Instru
tion1. Enter the address to our homepage in a web browser.2. Cli
k the download link.3. Wait until �le is downloaded.
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6.0.2 Install the program
• Des
riptionInstall the game on the users 
omputer.
• Test-pre
onditionInstallation �le downloaded to the users 
omputer.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 18.Se
tion 6.3.1 page 22.
• InputWhere to install the program.
• OutputProgram installed on the users 
omputer.
• Instru
tion1. Run the install �le.2. Choose install path.3. Wait until the installation �nish.
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6.0.3 Con�gure game settings
• Des
riptionAlter settings su
h as player name.
• Test-pre
onditionUser is in the main menu.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 18.Se
tion 6.3.8 page 27.
• InputUsers 
hoi
e of alterations to game settings.
• OutputSele
ted game settings have been altered.
• Instru
tion1. Cli
k on the �Settings� button.2. Alter the settings as preferred.3. Cli
k on the �Save� button to save and exit to main menu.
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6.0.4 Play singleplayer game
• Des
riptionTo start a singleplayer game without having and Internet 
onne
tion.
• Test-pre
onditionUser is in the main menu.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 18.Se
tion 6.3.2 page 23.
• InputNone.
• OutputThe single player game starts.
• Instru
tion1. Cli
k on the �Start singleplayer game� button.
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6.0.5 Host multiplayer game
• Des
riptionThe user makes his 
omputer the host 
omputer of a multiplayer game.
• Test-pre
onditionUser is in the main menu.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 18.Se
tion 6.3.3 page 24.
• InputNone.
• OutputThe multiplayer lobby is displayed.
• Instru
tion1. Cli
k on the �Host multiplayer game� button.
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6.0.6 Join multiplayer game
• Des
riptionThe user 
onne
ts to a host 
omputer of a multiplayer game.
• Test-pre
onditionUser is in the main menu.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 18.Se
tion 6.3.4 page 24.
• InputIP-address to the host.
• OutputThe multiplayer lobby is displayed.
• Instru
tion1. Cli
k on the �Join multiplayer game� button.2. Enter the IP-address of desired host.3. Cli
k on the �Join� button.
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6.0.7 Build Towers
• Des
riptionTo pur
hase and pla
e a tower on the playing �eld.
• Test-pre
onditionUser is in a game and 
an a�ord the sele
ted tower type.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 19.Se
tion 6.3.5 page 25.
• InputA valid position where the tower should be built and the type of towerthe user wishes to build.
• OutputA tower of the 
orre
t type is built on the playing �eld where the userspe
i�ed.
• Instru
tion1. Sele
t a tower type from the menu by 
li
king on its symbol.2. Move the mouse to the position on the playing �eld where thetower is to be built.3. Cli
k the mouse to build the tower.4. Wait until the tower is built.
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6.0.8 Sele
t a spe
i�
 tower
• Des
riptionSele
t a tower already built on the playing �eld.
• Test-pre
onditionTower built on the playing �eld.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 19.Se
tion 6.3.6 page 26.Se
tion 6.3.9 page 28.
• InputA position of a tower built on the playing �eld.
• OutputTower sele
ted gets marked.
• Instru
tion1. Cli
k on a tower on the playing �eld.
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6.0.9 Sell towers
• Des
riptionSell a tower already built on the playing �eld.
• Test-pre
onditionUser is in a game and has at least one tower on his playing �eld.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 19.Se
tion 6.3.9 page 28.
• InputA tower on the playing �eld.
• OutputThe sele
ted tower is sold and removed from the playing �eld.
• Instru
tion1. Sele
t the tower to be sold on the playing �eld.2. Cli
k the �Sell tower� button to sell the tower.3. Wait until the tower is removed from the playing �eld.
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6.0.10 Upgrade towers
• Des
riptionUpgrade a tower already built on the playing �eld.
• Test-pre
onditionUser is in a game and has at least one tower on his playing �eld and 
ana�ord to upgrade the sele
ted tower. The sele
ted tower is not alreadymax level.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 19.Se
tion 6.3.6 page 26.
• InputA tower on the playing �eld.
• OutputThe sele
ted tower is upgraded.
• Instru
tion1. Sele
t the tower to be upgraded on the playing �eld.2. Cli
k the �Upgrade tower� button to upgrade the tower.3. Wait until the tower is upgraded to a higher level.
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6.0.11 View individual tower statisti

• Des
riptionSee information about the sele
ted tower.
• Test-pre
onditionTower built on the playing �eld.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 13.Se
tion 6.1 page 20.
• InputA tower on the playing �eld.
• OutputTower statisti
 is displayed in the tower information box.
• Instru
tion1. Cli
k on a tower on the playing �eld.2. Observe tower statisti
 in the tower information box.
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6.0.12 Monster levels
• Des
riptionMonsters will appear at set intervals and at in
reasing levels.
• Test-pre
onditionUser must be in a game.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 14.Se
tion 6.1 page 20.
• InputNone.
• OutputThe level of the monster in the monster information box has 
hanged.
• Instru
tion1. Observe the level of the monsters in the 
urrent wave.2. Observe the level of the monsters in the next wave.
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6.0.13 Monster movement
• Des
riptionThe monsters will automati
ally move from one side of the playing �eldto their goal, always 
hoosing the shortest path available.
• Test-pre
onditionUser must be in a game.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 14.Se
tion 6.1 page 20.
• InputNone.
• OutputMonster is moving on s
reen.
• Instru
tion1. Observe the monster moving on the s
reen.
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6.0.14 Kill monsters
• Des
riptionMonsters 
an be killed by towers.
• Test-pre
onditionUser must be in a game and have built a tower.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 14.Se
tion 6.1 page 20.
• InputNone.
• OutputInformation about how many monster one player has is updated forthe other players when in multiplayer mode.
• Instru
tion1. Monster passes a tower.
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6.0.15 Re
eive information about monster's health
• Des
riptionSee information about the sele
ted monster.
• Test-pre
onditionUser must be in a game and a monster must be visible on the s
reen.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 14.Se
tion 6.1 page 21.
• InputNone.
• OutputInformation about how many health point the spe
i�
 monster havedisplayed in the monster information box.
• Instru
tion1. The user left-
li
ks with the mouse on a spe
i�
 monster.
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6.0.16 Send monsters to other players
• Des
riptionPlayer 
an send monsters to other players in a multiplayer game.
• Test-pre
onditionUser must be in a multiplayer game and have enough gold to sendmonsters.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 14.Se
tion 6.1 page 21.Se
tion 6.3.7 page 27.
• InputNone.
• OutputThe monster 
ounter is updated in another players information box.Gold is dedu
ted.
• Instru
tion1. The user presses the �Send monster� button on the informationbox of another player.
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6.0.17 Chat with other players
• Des
riptionThe users 
an send text messages to ea
h other.
• Test-pre
onditionThe user must be in a multiplayer game.
• Referen
e to Requirements Do
umentSe
tion 4.1 page 14.Se
tion 6.1 page 21.Se
tion 6.3.10 page 28.
• InputThe message that is to be sent to the other players.
• OutputThe text written is displayed on the s
reen.
• Instru
tion1. The user presses the �Chat� button.2. The user types the message that are to be sent to the other usersand presses the �Send� button.
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