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Overview

* Not for beginner programmers
* Multiple states and game loops / modes
e “Build one to throw away” — Fred Brooks, Mythical Man Month

* Create list of rules / requirements

* Get basic gameplay working first. Then work on graphical display and
interface.

* Can design/implement in any order. I’'m just offering the steps that |
used.

* Design will probably be revised during implementation H“]K
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GameManager

+current_player: Playen
+players: List=Player=
+dice: Die

hasmw

Software Design — Class Diagram

Die

Player

+current_space: Space

rollse

+rolled_value: int

+money: int
+properties: List<Property=

+movesSpaces(): void
+payRent(player:Player): wvoig

+rollDice(dice:Die): wvoid
y

position ate

Space

ownsme

Property

+property: Property

hasme

+name: string
+purchase_price: int
+rent: int

+rent_1 house: int
+rent_2 houses: int
+rent_3 houses: int
+rent_4 houses: int
+rent_hotel: int
+house_price: int
+hotel_price: int
+mortgage value: int
+house_count: int
+hotel_count: int

+next _space: 5Space

+isPurchased(): boolean
+getPropertyOwner(): Player

+purchaseProperty(player:Player): booleag

+purchaseHouse(): boolean
+purchaseHotel(): boolean
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Design decisions

Linked list of spaces
* Array would have been more complex

* Purchase methods return boolean (success / failure)
* Could use exceptions / error handling

Player has reference to their current space
e Spaces could have reference to collection of Players on that space

* Player has collection of purchased Property
* Could have Property have reference to owned Player
* Issue — multiple players could own same property if not handled correctly
* Makes looping through Player’s owned properties easier

* Finding the property’s owner requires looping through all of the players
properties

* Avoid having player property List AND reference to owner player in Property. Do one or
the other, but NOT BOTH.

* Make getPlayerOwner method in Property to return the property’s owner

AL
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Software Design — State Diagrarmr

)£ has no prc:p&rryJ'

){ already 'E?.I'Iu'"v.l'I"I'E.-'!'I:I|j<

)[ buy propertyj
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Step 1 — Moving players around
the board |
* Load properties list from file
* Create GameManager, Player, Space, Lo T SO B e s
Property, and Die classes L I B i
* Display ObjeCtS to Screen Z Kingston PR Ejpigeunl:mge z:cnnmn ZZ - EZE;D&CEE sssss =
* Randomize dice value when ‘R’ romos oy m e e
pressed | A - | =
* Move current player number of spaces |5, o
rolled
* Set current player to next player when o
turn ends = .
* Only do enough graphical display to

convey current game status |:::i I{-, I'..ll



1
2 I Oliver Springs, 60
3
u | Karns,68
5
Step 2 — Money / Property Purchase / States o 1 inston 19
8 Rockwood, 100
9 Harriman,120
10
11 | Coalfield,140
. « egaw [£] 12
Give each player an initial amount of game = o 10: Coalfeld 20 - 30, 15 | Wartburg,140
: - 14 Sunbright, 160
money g 1: Oliver Springs 11: 21 31:Maryille 15
* Design decision — money tracked as integers. 2 12: Wartburg 22 P32 16 I Pigeon Forge, 150
not individual bills 3 1350 2 33 Farragut 8 | Gaeuinburg, 100
80 240 320 alls Crossroads,
Add cost of each property in data file 4 14 24 34 22 | Lenior city, 2%
. . . . 5: 15: 25: Clint 35: 2
* Design decision — using CSV (comma o > Morristoun, 220
separated values) format. Could translate to 6 16 26 Cowell 3 24 | seymour,2ue
JSON or YAML, but extra parsing code is 7. Ro 17: Gatlinburg 27: 37: 2 _
H d $100 $160 26 Clinton, 260
required. 8 Harriman % 18: Halls Crossroads® 28 m  38:Knoxlle 27 Powell, 266
120 200 280 400 2 8
Allow player to buy unowned property o 19 20 & 2 | sevierville, 2
when stopping on it 3| Alcoa,300
: 32 M ille,300
 Player money must be greater than purchase Current player: P4 3660 33 e
cost Dice: 3, 6 $1240 3u | Farragut,320
B: Buy Property P3 $1160 35
* Subtract purchase cost from player money E: End Turn 54 $960 36 | osk ridge, 356
. . 37 ak Ridge,
* Assign instance of property to player $740 38
$1150 39 | Knoxville,ueg|

Add GameState enum

Property color is the color of owning Player

* LandOnSpace

e EndTurn I::.‘i IJ'-: | -; I;



Step 3 — Rent / Eliminate Player / Game Over 1 o s
u | Harns,60,u4
: O 10 Coalfield 20 I;Enior City 30: ﬂf:oa E I Hingston, 169,6
1. Qliver Springs 11 21 31:Maryville 5 Rockwood, 160 ,6
2 12: mgrtt)urg 22: SIl ristown 32: . :. Harriman,120,8
* Add rent values to property data file > o e o 11 coatfield 1,10
. . Clinton : 13 Wa.rtbtf.r‘g, 140,10
* Transfer rent value to property o - 1 | sunbrighe, 160,12
owner when landing on property 16 | Pigeon Forge, 180,14
Space 8 k | ] ‘18:;!;'?”:'- Crossroads 28:57_“ 38:“__‘ :3 Gatlinburg, 180,14
. . o =m 19 29 39 19 Halls Crossroads,200,16
* Display message stating amount 20 o
tra nsferred Current player: P5 $120 PP B8 1o B Hals Crossionds E: I Lenior City,220,18
Dice: 2, 3 $1194 5; Morristown,220,18
. . . 3 P5 $398 - evmour
* Player is eliminated if unable to pay o sem2 20 1 Seymour, 260,20
re nt 26 Clinton, 266 622
27 Powell, 260,22
* Remove player from GameManager P% paid $16 to P6 atHalls Crossroads 32 I Sevierville 280,21
players List
. .. . 31 Alcoa:309,26
* Win condition — only one player left in T — 20 grior Ciy 2 Acon 2 | Maryville 300,26
players List | 1 21 31 Maryile su | Farragut,320,28
* Transition to GameOver state . - :Z:s:;nmgm iism z b ‘
 Test by making rent a really high value ‘ 4 2 34: 37 1 Ok Ridge,3%9,35
(a” rents SSOOO) 5: Kingston 15:Pigeon Forge 25:Clinton 35 39 I Hnoxville,ﬂ@@r5@|
6: 16: 26: P 36: Qak Ridge
* Remember to set it back after testing 7. B 17: Gatinburg ar: a7
* When player eliminated, all of their . o o . Hm
properties become available again,
which may not follow “traditional” Curentpayer P3 s200 il I_
rules |:'i r'. | ‘1=
P32 unable to pay $5000 at Wartburg. Eliminated from game. .:, o Gl’[
1 o Jls
Game Ower: Player P3 wins! ﬁ Ec—l .l -



Step 4 — Ownable Properties / Calculating Rent

III

22 “residentia
* 8sets
* can have 4 houses each
* can have 1 hotel each

4 “parks”

* rentis based on number owned (1x, 2x,
4x, 8x)

2 “dams”

* rentis based on dice roll and number
owned (4x, 10x)

calculate_rent is abstract method
that must be implemented by
subclass

testing requires controlling roll
values to land on test case spaces
(park/dam). using random rolls
would take forever to land on test
case spaces

mortgage value is actually a
calculated value: half the purchase
price

Property

+name: string
+cost: int
+isMortgaged: boolean

+calculate_rent(): inf

Jay

PropertyResidential

PropertyPark

+house_count: int
+hotel_count: int
+property_group: int
+rent: int

+rent_1 house: int
+rent_2_ houses: int

+rent_1 owned: int
+rent_2_owned: int
+rent_3_owned: int
+rent_4_owned: int

Rent on PropertyPark

public override int calculateRent() {

PropertyDam

+dice_multiplier_1_owned: int
+dice_multiplier_2_owned: int

int iParkCount;

iParkCount = getPropertyOwner().getOwnedParkCount();
return 25 * ((int) MathF.Pow(2, iParkCount - 1));

Rent on PropertyDam

public override int calculateRent() {

int iDamCount;
int iMultiplier;
iDamCount = getPropertyOwner().getOwnedDamCount();

switch(iDamCount) {

return (gamemanager.dice[0].iRolledValue + gamemanager.dice[1].iRelledValue) # iMultiplier;

+rent_3_houses: int Case‘l: .
+rent_4 houses: int iMultiplier = 4;
+rent_1 hotel: int br?am
+rent with set(): int] Casei;;ﬂtipuer - 10,
break;
default:
return 8;
}
}
S Fes

0: 10: FCczg[ﬁeld 20: IF_eIr_ler City 30: FA'?‘??

1; 9'2!?' Springs 11:yV§tts Bar Dam 2; 31: [\Il?[yville

2: 12 yv§5§burg 22 IEVI ?[5istovm 32

3 ﬁﬂgps 13 ggqpright 23: éﬁ)’ﬂ"ow 33 Eirrggut
piea 4: 14: 24: 34:

Rent$200 Rent$200 Rent$200 Rent$200
5. Kingston 15: Pigeon Forge 25: ton 35
Buy$100 Buy¥180 Buy$260

6: 16: 26: qu}@ll 36: Qe‘zlgwR idge

7 B%cﬁ[v(wood 17: EBee_t![nburg 27: L\lcz'r;is Dam 37.

8 Harriman 18:Halls Crossroads 28:Sevierville 38:Knoxville

9 19 29 39

Current player: P2 $1 075 P2paid $200 to P1 at AK. Bissell Park
Dice: 2, 3 $1125

|10
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* Add property set id to Residential properties

* Update properties data file with remaining property values
* Update PropertyResidential calculateRent method to doubled rent if all properties in set owned by the same player

» Update parser to create Residential/Park/Dam based on first CSV token on line

1
2 | R,0,0liver Springs,60,2,10,3@,90|160,250,50,50
GRealEstate 3
i i R,0,Harns,60,1,20,60,180,320,450, 50, 50
ggwa@ljﬂeld Rent $26 Rent $26 5 P,A.K. Bissell Park, 200
, . g R,1,Kingston,100,6,30,90,270,U08,550,50,50
Oliver Springs Watts Bar Dam \ 7
Buy$60 Buy$150 Rent $26 8 R,1,Rockwood,100,6,30,90,270,400, 550,50, 50
9 R,1,Harriman,120,8,16,166,300,450,600,50,50
éeéxlt%ratburg Rent336 16
11 R,2,Coalfield,140,10,50,150,450,625,750,100, 100
Karns Sunbright Farragut 12 D,Watts Bar Dam,150
Rent $4 Rent$12 Rent$40 Buy$320 13 R,2,Wartburg,140,10,50,150,450,625,750,100,100
- 1 : 14 R,2,Sunbright,160,12,60,180,500,700,900,100, 100
AK. Bissell Park Market Square World's Fair Park 15 P Chilhowee Park,200
yw$§200 25 25 y$200
Buy$ Rent$29 Rent429 Buy$ 16 R,3,Pigeon Forge,186,1u,70,200,550,750,950,100,100
Kingston Pigeon Forge Clinton L7 ,
Rent$12 Setowned Buy$180 Rent$44 Setowned 8 R,3,Gatlinburg,180,614,70,200,6550,750,95@,100,100
- = 19 R,3,Halls Crossroads,200,16,80,220,600,500,1000,100,100
Powell _k Oak Ridge 20
Rent$44 Setowned Buy$350 21 | R,4,Lenior City,220,18,90,250,700,875,1058,150,150
- . 2'2
RRer%%( wood et ownad S&E‘j”burg Lﬂ%ﬁg‘s Dam | 03 R,U,Morristown,220,18,90,250,700,875,1050, 150,150
i N i 20 R, U, Seymour, 240,20,108,360,750,925,11600,15@, 150
Harriman Halls Crossroads Sevierville Knoxville 25 P,Market Square,200
Rent$18 Set owned Rent$18 Rent $43 Setowned Buy $400 26 R,5,Clinton,260,22,110,330,800,975,1150,150,150
27 R,5,Powell,266,22,110,330,800,975,1150, 150,150
8 D,Norris Dam, 150
9 R,5,Sevierville,280,24,120,360,850,1025,1200, 150,158
30
31 R,6,Alcoa,300,26,130,390,900,1160,1275,200, 200
Current player: P1 $196 P1 purchased Chilhowee Park 92 R,6,Maryville,300,26,130,390,900,1160,1275,200, 200
. 34 R,6,Farragut,320,28,150,450,1000,1200,14600, 200, 200
Dice: 2, 2 P2 $350 35 P.World's Fair Park,200 S
36
P3 $264 37 | R,7,0ak Ridge,350,35,175,6500,1100,1300,1500,200, 200
38
E: End Turn 39 | R,7,Knoxville,uee,50,200,600,1400,1700,2000, 200,200

=




Step 5 — Mortgage / Unmortgage

* Need a separate game loop for selecting
properties to mortgage / unmortgage

* Mortgage value is half the purchase cost
— use method instead of storing in
variable

* Update rent collection code to not
charge when landing on mortgaged
property

* Allow unmortgage if players money is
greater than or equal to mortgage value

*1.1

Select property to mortgage

A K. Bissell Park

Il Clinton
Alcoa
Il World's Fair Park
Kingston
Il Sunbright
Il Lenior City
| Oliver Springs Coalfield Lenior City - Alcoa
: Watts Bar Dam L Maryville
I ﬁ_a{ps War M V.istnwn
| IS’.IL\:I.lp?"nght Rent$20 Rent$23
| ﬂ\rlf Bissell Park EQllhovuee Park L\.’I‘arket Square ‘V\‘fmoarlds Fair Park
Kiggston Eigeen Fora Sigen
Powell I
Buy3260
Norris Dam
ppppp nom
Mortgs

Current player: P3

M: Mortgage $1038
U: Unmortgage P3 $480
Q: Return
Clinton
Mortgaged

! Gl

T
Clinton is mortgaged. Mo rentpaid B ,I:EIGIH
|/_.l ot



Step 6 - Game Modes / Building Houses and Hotels

* Modes to separate distinct
functions

* Track current mode in the

Mode

+Update()
+handleInput()
+0raw()

A

ModeAuction

GameManager
 Modes implement Update, —ponrall Troaevoms P
ogebodar odenio dafe oaebul
and Draw methods —— ModeTrade
* Build mode
* Allow player to buy houses
and hotels if they own all I Selectpropertyto build
. . Rent$750 Hotels: 1
propertles In set Al Bissell Parlk
* Remember to recalculate Coalfield Houses: 0
Figeon Forge Houses: 3
rent value based on house Oak Ridae Clinton Holses. 1
/ hotel count Rent $1200 g P3

* Must check that property
class type is
PropertyResidential, then
cast it to use the house /
hotel properties

Hotels: 1
Hotels: 0
Hotels: O

1% LT
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Step 7 - Trade

* Select player to trade with

* Build list of properties to trade for each
player

* Allow specification of cash amount
* Add Yes / No option for both traders

* Return to trading loop to make changes if
one player chooses No

* Resolve when both players select Yes or
trade is cancelled

* Object oriented makes moving properties
between players easy

* Just move the reference (pointer) from one
player to the other

* Trade screen is a “project in itself”
* Having modes allows development on

trade screen separate from the rest of the

game

Selectplayer to trade
P1
P2
P3

P2

T Sunbright
Lenior City

T Farragut

Cash $552
Yes
o

P1
Coalfield
T Seymour
Marris Dam
T World's Fair Park
Watts BEar Dam
T Halls Crossroads
T Morristown
Oak Ridge

Cash $0
Yas
Mo

e
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Step 8 - Auction

Allow property to be auctioned
when player lands on property

Auction: Chilhowee Park

space NextBid: 276

Auction is its own mode and o1 134

interface P2 230
P3 152

Set countdown timer for auction to

complete

Reset countdown after a player bids

Assign property to player with
highest bic‘O

Design decisions

10 seconds to close after last bid
Starting bid is 0.10 * purchase price
Next bid is 1.20 * previous bid

These values can be modified as
needed

Countdown: 5

AL
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Step 9 — Doubles, Arrested, Incarceration

. , _ “'Brushy Mountain
* Allow player to roll again on doubles if not incarcerated Incarcerated Just visiting

Make Incarceration space a subclass of Space class S
* Incarceration space has a List/collection of incarcerated players

Move player to Incarceration space when landing on the Arrested
space

Track count of times p_Iayer has rolled dou.bles in a row Current player: P2
* Send to incarceration if doubles rolled three times
Incarcerated options R: Roll for doubles

* Roll for doubles: diel.value == die2.value P:- P
- Pay $50
e Pay: currentPlayer.iMoney -= 50 y $

 Card: currentPlayer.iGetOutCard-- C: Use GetQOut card

* Add instance variable to Player to track GetOut cards

* Track whether player is incarcerated or “just visiting” H
* Incarcerated loop is separate branch from move spaces loop m
* Track number of incarcerated rolls Cyft HE




Step 10 — Event Cards

* Event card space a subclass of space

* New EventCard class

* For each card, implement an EventCard subclass

* Add cards to two card lists based on event type
 Randomize the order of the two Lists of event cards

* Draw an EventCard when landing on an EventCard space
based on EventCard type

* Implement abstract action method on the EventCard
class to perform card’s instruction in game

* Good example of using polymorphism in a game Hm
* Only implemented three cards of each type for this — e et
demo Gl



Step 11 — Other spaces

» Start — Earn $200 when landing or passing
* Sunsphere — Free place to park. No action for this space
* Taxes — Pay the required tax amount

Mode: board
Start Brushy Mountain Sunsphere Arrested
Incarcerated Just wsiting
Oliver Springs Coalfield Lenlor City Alcoa
Buy$60 Buy$140 Buy$2 Buy$300
Mystery Vault é{\fggcs Bar Dam Happenstance Q{Iy%gywlle
Karns Wartburg Morristown - Mystery Vault
Buy$60 Buy$140 Buy$220
P

Taxes $200 gmprlght gye;)gmour B BFU%Erggut
BA.K Bissell Park E;Crsgllhowee Park IBVI§rket Square ‘élV$orId s Fair Park
uy$200 Uy $200 uy$200 uy$200
mggston Bwgeon Forge %gr;agon Happenstance
Happenstance Mystery Vault BPo$yyeII BO%k Ridge

uy $260 uy$250
Rockwood Gatllnburg Norris Dam Taxes $75
Buy$100 Buy$180 Buy$150
Harriman H aIIs Crossroads Sevierville Knoxville
Buy$120 Buy$2 Buy$280 Buy$400

Current player: P1 $2050 2
Dice: 2‘ 3 $2200 1 P1 paid $200 in taxes
P3 $2400 3



Step 12 — Display Manager

* Update graphics / model view
controller

Use Display manager and display
objects for drawing

Model game objects should not have
drawing methods

Separate the “model” from the “view”

Display manager has reference to game
manager with references to all game
objects

Allows switching display presentations
(text, 2D, 3D, etc)

» Set target position for moving players

Start by just using a linear interpolation
from current space to next space

* Thisis “good enough” for this demo

Add DisplayPlayerToken class to
separate token display from player
model data

Current Player model position will be
“ahead” of the token display position.
Tokgnldisplay will “catch up” with the
mode

To avoid cutting corners when moving,
a list of spaces moved will need to be
tracked

NSPHERE

HaLLs (ROSSROY

RENT 580
SET OWNED
Houss: 1

GATLINBUR
RENT STO
SET OWNED
Houss: 1

PiGEoN FOR

RENT 5200
SET OWNED
HousEs: 2

HILHOWEE PAH

RENT 528

SUNBRIGH T
RENT S12

WARTBUR
RENT SI0

WaTTs Bar Da

RENT 578

COALFIELD
Buy sM0

BRUSHY MOUNTRIN
INCARCERA TED|

o

JUST VISITING

HRRESTED

Leyior O yHAPPENING |MORRISTOW SEYHOUR  |MARKET SQY Cuinion NoRRIS DAy SEVIERVILLE]
RENT SI8 RENT § RENTS20 |RENTSSO |RENT S22 |RENT S22 |RENTS28 |RENT S24

*

gl

E gE
o =3
§ §

FARRAGUT

WoRrLD'S FAIR F

PS

ORK RIDGE

HArRIMAN |00 on [HAPPENING |0 i | Bisser PadiTAXEs 5200 MYSTERY | 100 o
RENT 58 RENT 56 RENT 56 RENT 5SSO RENT 54 RENT 52

. b
% P
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What else?

e Finish event cards
 Add sound effects and music

* Allow player to sell / mortgage properties to pay debt
(another loop)

* Require player to build houses / hotels evenly between
property set

ome
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