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Handle all aspects of the actual game
play (ie. The hard part!)
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Things that need to be done in the
game loop
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Finite State Machines are Not Just Those
Useless Things You Learned in Discrete Math

Finite State Machines

O {SHAE]Z| Al (Finite State Machines, FSMs)2 A 0| A
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O StLES| FSM2
= AFE{ (States)
= 2% (Inputs)
= M™O| (Transitions)
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o FSMs2 "AE X 2|7|A (information processing machine)
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0 FSMsO| HEl (state)= 7| AHOfl CHSH HAlSt atA AtHES
29F (0, Xtz Eof7[of F&E STl A=)
oM=¢(, s, O, f Qg
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sO — initial state
I - a finite set of input, I = {ig, iy, ..., i)}
O - a finite set of output, O = {0, 0y, ., 0.}
f-SxI->S AFEJ MO| &= (state transition function)
g-S->0 =& == (output function)
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FSMs for Game Programming

Warning!
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Each object / entity in the game loop (e.g.
Tank or Bullet) contains within itself, a FSM

Consider the Game Loop
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Multiple Arrays for Groups of Entities
(e.g. Tanks and Bullets)

enemyArray DbulletArray

Enemyl Bulletl

Enemy?2 Bullet2

Enemy3 Bullet3

Enemy4 Bullet4
Game Loop:

While (not exit)
{

Hi S (arrays)S AFSSHM A Y Z= 17
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Sig 2ol MES DHEX| YK YES
0P7| 215 A O] C.

Call HandleEnemies() ;

Call HandleBullets()

Call HandleMyTank()
1
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Data Structure & Member Functions

for an FSM

Class FSM {
currentState

Inputl
Input2 }
Input3

Process()
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Process()

E.g. Bullet in BZ

o Switch (currentState):

m Case Statel:
U = LHFAO HAIX[ZF A EfQE 2 A=K
el dnl
Ttk YES, (OOtE &FEf H=tet Z22) X 2[E BHCt
J™X| UCHH, Break

m Case State2:
etc..
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o DormantState:
= Hide particles
= Stay in this state until it receives the activation input then set currentState = InitState
= Break;
o InitState:
= Init bullet position; Show it on the screen
= currentState = MoveState
= Break;
o MoveState:
= Move bullet along trajectory
= Check if collided with an object
= If collided:
If object == tank then tank.inputl="hit"
currentState = BulletExplodeState
= Break;
o BulletExplodeState:
= Hide the bullet
= Enable particle system explosion
= currentState = WaitForExplosionState
= Break;
o WaitForExplosionState:
= explosionCounter++;

= If explosionCounter = 100 then explosion is over; currentState = DormantState
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Maintaining Simulation Constancy in a
Game Loop
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o dt= A Y| AEHE|S| Ctg HEf7F OfEA & |
nfetstr| 2fof E ottt

o 0| 2, A}sX}7} 30-feet per second2 2 2XIQICt D S}X}

o 2Hef A BZObdt A|ZF2HE M| S 2ot AlY
ASAel Bt flXl=
m posX = posX + (speedX * dt)
m posY = posY + (speedY * dt)
m posZ = posZ + (speedZ * dt)
o XNAO| A= Update(GameTime) callbackZ AFESHC}.
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Multi-Threaded Game Loops

Multi-Threaded Game Loops
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o ACHZF 2] A A|lA-2 o2 7§ CPUE 71X &
X2 & 7psstor.

http://en.wikipedia.org/wiki/Tweening

O Hence, Multiple Threads = Processes& EQF 3L}
= Input Loop
= Compute Loop
= Draw Loop
= Sound Loop
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Sharing Variables Efficiently

Triple Buffering

o M= AP ES U0 SRt 7Hs ot & SHOFatrt

o Forked processes®| Ha= 1 EEAﬂﬁOl X HER
2L - 2 O HeE SRM0F S = 37 HZ2e
(shared memory) 2}0|E2{2| & A}%S}EE c|>_H:f
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O Solution: TRIPLE BUFFERING
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o Init Step — HAt T2 N AL 2 Q|0F & HLEE 370
CHE HHINO| =AtStCt.
Compute process

reads / updates these
variables

Buffer 1 Buffer 2 Buffer 3
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Triple Buffering

O HAF T2 MNAQF 2|7 TEMNAL ZHR} R o R
SALE BI+E AgBICH
Compute process
reads / updates these
variables

Draw process
reads these
variables

Buffer 1 Buffer 2 Buffer 3

NOTE: You should only triple buffer variables that you
expect to share with more than 1 thread/process- obviously.

Triple Buffering

o AL Z2MAEs O #Hao XH7| HIHO| Qs SAtE
HaOh Yot o = 0| HIHE CHE B et swapetCt.
Compute process

reads / updates these
variables

Draw process
reads these
variables

Buffer 1 Buffer 2 Buffer 3
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Triple Buffering

=

0 d2|7] Z2MA= XH7| HIHO| SAtE H45 7HK|
gl = ALE CHE Bl swapdf Chg O3 =HIS
SHC}

ICompute process
reads / updates these
variables

Draw process
reads these
variables

Buffer 2 Buffer 1 Buffer 3

23

Triple Buffer Implementation

o AL Z2Maep 27 Z2MAE O] 371 HIHE
7t2|7|= ZQIE Q| H{ ¥ S mutexZ lockingslj A swap=
LRSI STt 4 QEZ BiCt

Compute & Draw processes

lock Mutex on the array of pointers to the 3 buffers
so that they can safely do the Swap
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Buffer 1 Buffer 2 Buffer 3
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How I Wrote a Simple Game
in 3 days?

How I Wrote A Simple Game
Day 1: Testing the Waters

o MA W7k ZHX| 2 U= A|ZHO|Lt Software X|4 & H|g
Q45 12510 A Y BAE ottt
m 1 bullet for user, 1 bullet for enemy, 1 enemy at a time

oXe oz MES HAESHA O|H EX 7|50|
U[=X| =olstLy.

o 222l foruma At O|HCL.
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Day 2 : Putting Together All the Basic
Game Elements

Day 3 : Tuning & Adding Finishing
Touches

0 SY(ZHEHot 7+ B A7|E F7totCt.

o Ztotol X|H(Y A 21 72| = AALE A|=3HCH

0 SYO| Z|of A2|of =5t (ZHEter AH|of) e ™
Eo HX|= &1 (particle systems)E F=7I3tCt.
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O Tuning - 7| =8¢ 252 MOk 25 0|y FJl{0f otC
Tweak Al — ie when to fire
Better bullet effect
Tweak lights
Tweak explosions effect
Add enemy sound volume attenuation with distance
O Finishing Touches — %|& Ct57|
= R4 A Y & HRE 2
= A|ZEH (intro)dt 2 H (outtro) E£= BHEHT (replay) 7t
= iSOt 27t
= BOt U2 SEHEE F7t
O Wishlist — ZreFof| LiZF AJZEHO] & UARUCHH, E HSHA].
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Tweening

o Main idea:
 AYEZE OHE2 7FHX| 1 QUCH
AHEHME| (input) B2t A At (calculation) 2 &
J2|7| (draw) &2 While(1)
n MAH AQY FETFSHH ZT] 2o YTHFE AIZHO] {
E=X| LOL2LH (0| AE oz}

H 2T} elapsedTime = 0.5 seconds) Input
= IR = St AME ot A4 £ (update

rate)E Z™&SICt (04, 30 updates per second) Calc

[Note: Ao HAEZ = AT A refreshHEE

L}EFLY = FRAME-RATED} 262 A2 OfL|CH Draw

= 02{02 0T HIRAIZHS JHX|D, 1 AIZH otof
AOfLE B A0 DR AMS S0f SH=X]
OHECH (0, 05 Fit AIZF Of0f 15740 A|ArS
28 4 9l0fof Bt 5)
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Tweening

o 2= 15749 A4S st (RE While(1)
= Mo CHot /K|, ghek &) &
AEE K EFSHCL {
o 2|0 MK Z 15719 HALS £=als}
LiM Z2l A|ZHS THCE (O] AS
o|gt £EL}).
o AX ALS s ZE A2 Zap Al Draw
2t A=gt (fraction)E ZOtWCE - =
0| &a==¢} (calcTime / elapsedTime)O|
TWEEN Z}0| =lCt.
o Jd2[0 M 2Eo © MEjet o EEQ|
KNEAE] 72 B 7F (interpolate)Sh= Girevious Saved

o Stat Stat
0| tween Ztg O|-8%tCt —— o
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o

Input
Calc

Tweening (cont.)

0 XNA 4.0 A AT M=
» Update(GameTime gameTime) & Draw(GameTime gameTime)O0f A
YN AlZtE 2T
= double elapsedTime = gameTime.ElapsedGameTime.TotalSeconds;
m // class AnimatedTexture
public void UpdateFrame(float elapsed) {
if (Paused) return;
TotalElapsed += elapsed;
if (TotalElapsed > TimePerFrame) {
Frame++;
// Keep the Frame between 0 and the totalFrames-1.
Frame = Frame % framecount;
TotalElapsed -= TimePerFrame;

} http://msdn.microsoft.com/en-
} us/library/bb203866(v=xnagamestudio.40).aspx
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