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ABSTRACT

This thesis presents game development, the developed game is 2D top view shooting
game called “ Battle City Extreme " players are grouped into two teams, player team and enemy
team.The enemy team is controlled by computer. About each mission has difference
environment, the player team must complete each mission. Before the mission you can upgrade
his tank, Setup ability system and prepare support item to use in battle.

Highlight of this game is about technique which player can modify and set up ability
system, player ’s tank with wisdom setup could be win an enemy tank that is more powerful.

About development of this game, we use Visual C/C++ and Direct X SDK as tools

software to develop the game and use other software as supplementary such as Paint, Photoshop

etc.
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2.5 Artificial intelligence [ 3 |
o ” Y < ¥ = & o <1 Y

Artificial Intelligence (AI) $NUAIIUHUIPUAT HUIPDI AITATWATIATIAN ) FIN N
' 2 A ' A Y a a 4 2 ﬂ o
AIUNTUINTOHANY 9] AIUVDI software W30 hardware TANANTAATU FUTUNTZVIUNTNN

@ P a y a 3 9 a 1 a

Audeya (Information) Idndefuuypdssannsonald Tasmsfntiuszdesfinediivg

o 1 A o S oMy an 2 ° A
Ha nsgihednlimawa Tasnsmaeuvesilymiud ldnaedd  wmsmdeeuiae

9 P A o "
u.azw11%1ﬂa1aﬂan1sw1ﬂ1maunxuu Tree decision
o d :;, 2 1 v 9 1 @

Bonaumsmeuioud leilarniulivae i Fuudaz it e lided dJoidodranu Tae

ANTUINNMTLARS 4 FafD
= ) o a3 v N N X
1 Completeness U189 MIaumAmouiu ldanuuilene ldamou
2 Time Complexity #u1809 e idlunsdumdney
o ] o A o [ kY '3

3 Space complexity MR8 $1uumilsa NN FdmTuMIRUIA IR

o A o Jdaaa
4 Optimality nueds Ammnzanlunismsinouidesmsnadninanga

2.5.1 Breadth First Search
o a s 3 ‘é Y
Breadth: First Search flumsaumasulunaiemelunaifoaiu sadnyuzms
Aummeviziufe e InuaSudu Root Node) WimsuanTnua (Node) 1iuTnuagn

(Child Node) 19 9 Tnuagnszshnisuan Tnuagase liverhmsaumdneude i

void BreadthFirstSearch(NODE r)
{

NODE s; // used to scan

QUEUE q; // this is a first in first out structure FIFO
// empty the queue

EmptyQ(q);

/1 visit the node

Visit(r);

Mark(r);

// insert the node r into the queue
InsertQ(r, q);

// while queue isn’t empty loop

oUR274



while (q is not empty)
1
NODE n = RemoveQ(q);

for (each unmarked NODE s adjacent to n)
{

/1 visit the node

Visit(s);

Mark(s);

// insert the node s into the queue
InsertQ(s, q);

} // end for

} // end while

} // end BreadthFirstSearch

,— lteration 1
,:' — lteration

LTURN A5

I's k
2y lteration

," — lteration 4
L |

-"— Shortest path to goal

Goal “Breadth-first radliates out

in all directions. All nodes at distance
1 from root. then distance 2 from root.
3 from root. etc. are visited in that order.

30 2 4 pluamsnsuan Tnuavean1SAIMBUULY Breadth first search
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ausamnmen Idodstinen (Complete)

2e
o
hO)))

v
=3

mnzruRuMsfumAmeuinsHadninANgA (Optimal)

Y £ b4 [ .
UDLY 1%361H1ﬂ1uﬂ15ﬂuﬂ1ﬂ1ﬂﬂﬂ (more time)

£ dy ~ F4 [3
141119 memory 11NN 1SAUMAINBY (more Space)

2.5.2 Depth First Search

Depth First Search HnNyaIzASIAULINAY Breath First Search ABIEINITAUNIN
aoulunema@en Tdeznine: liansamdeeu lalufirmsnisdumsineuvie Wonus
oy lunsdiile hinummsuazinsdumedimeulufiamadalal

FamsvmAineLILY Depth First Search 1%1!61%3511414@ Limit lumsAumsinoy
i dnins Aumaeullufemaiu 100 Tnuauda liwud e ldiinsdoufinms

MIAUMIA RO

void DepthFirstSearch(NODE r)

{

NODE s; // used to scan

// visit and mark the root node

visit(r);

mark(r);

// now scan along from root all the nodes adjacent
while (there is an unvisited vertex s adjacent to r)
L

DepthFirstSearch(s);

} // end while

} // end DepthFirstSearch
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e Goal

U 2.5 glummamsuanlnuavesmssmeunuy Depth first search

v v
Vof  1iilof memory M3 um it meuTioonT1iiLL Breadth First search
v Vv v
Jo1de "lwmmsnmﬁman"lﬁ"lunsﬂﬁ*nﬂma‘luﬂ15w1ﬁmauﬂ’u‘luﬁmamw‘lumsm
° o A ' ° P ' A
199U (No limited space) me‘lummsnmmmn"lma"lu complete UALIUDIVIN
Tignsamsiney1@sel Optimal

THamnlunsfunisaey (more time)
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2.5.3 Bidirectional Breadth First-Search

Bidirectional Breadth mﬂuuumi AU IneUAdIeiY Beradth First-Search “]N‘ﬂﬂ
mewmmsﬂum um UANANNUAD Bidirectional Beradth First-Search %mﬁmuﬂlmms
Search uu%wzimm i]ﬂlilmu Hag ‘ﬂﬂﬂﬂ'lﬂclf\‘il‘l’:,]u%ﬂﬂﬁ'lﬂﬂﬁ uawmﬂiﬁuﬂmmmaﬂuu

BUNU (Overlap) ﬂuﬂ%muﬁnmmummaquﬂ‘lumimﬁmau"lﬂ

Shartest path from Ry -

Subgraph 1 e Subgraph 2

e ¢ \ . - o Raot 2
) Ly o3

Intsrsection paint

SaAp h 1 started from Root 1 Search 2 started from Root 2
Order of visitation: 1, 2.3,

311 2.6 guamamsuanTmiavessABLILY Bidirectional Breadth First-Search

e

PR munsamdnenldedauiuey (Complete)
wngaufumsfumaeniinsnadnsfianga Optimal)

Y 2 °

voite Mamnlumsfumiiney more time)

b v
(o7 memory MAMSAUMIR IO (more Space)
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2.5.4 A* algorithm
A* algorithm Wunisdummmensuuiifiamsnanie wildiselumsdaguls

\ o 4 o { & "
v dumdwen lumalaie I 1ddaeuafidesns Fuily function Usenaudas
fn) = g(n) + h(n)
[ a o @ é v @ [V ] 3
TasliAnwislmes 3 Ao fln) , gn) 1o hin) Feudassafinnuviosade i

f(n)
g(n)

Il

Arlumsdndula i fmuald search Tlmefienefifinniosiiqa

path cost TumsAadnnamdaguleleaduaszoemesselunsiduni

Il

2 Y ¥ S ' o a 2
h(n) = evaluation function FuiU function NadduM WAL saauls  S9lag

: S " 4
i llwiluszezmeeiongania i@ nganils

m’smf‘imauﬁwﬂﬂé’fﬂﬂuﬂim‘fu%zﬁﬂﬁuiﬂﬂ@_mﬂﬂﬁ ) #I8  iefiezvihld
M numgamens (Goal) TRazdesiisaziden (isn lumsiudeyaveaTnuaiisels
18uan Tnua (Open Node) uaz Tnuafi 18uan e (Closed Node) Tag Open Node 92111894
9 Inuaiidela I8 imsuan Tnuaud s i Tnua i Waautsoian suan Trua'ld
29U Closed Node 1fufio Tuaft Ivhnsisn Tnuntidn Tasusinz Imuavzdouivan f(n) iive

Wlumsinsanlunmsdaduledne Wisiamiala

void AStarSearch(NODE r)

{

NODE Bestnode;

NODE s; // used to scan
// insert root node in openlist
OpenList(r);

// while Openlist is not empty

while (Openlist is not empty)
{



//selcet Bestnode is in Openlist from f(n)
Bestnode = GetBestnodeFormOpenlist();

CloseList(BestNode);

for (each unmarked NODE s adjacent to Bestnode)
OpenList(s);
} // end while

} // end AstarSearch

— |teration 1

>

F 4 1

311 2.7 plussmsuaninunveamsmneua* Algorithm

2
w)
hO))}

asamiIneD 1Ag1eiueu (Complete)

[ 9 o A v A .
MU AUTUMIAUMAINB AN IS HAAWE AN A (Optimal)
Tdnandesnlumsdumanen uuududnadi (ess time)

4 4 v Y °
IUBN memory UBINITAUNINNDU (less Space)

Y o % ‘g LY . . ”
R msﬁ’ummmmmu A* Algorithm 3YUBYNY heuristic Function (h(n))

e — lteration 2

¢ > [
i W Iteration
4 f" — lteraticn 4

=
"
D
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< YA = . o ¥ o and g s v
wiiuldiulenSoudivy A* Algorithm fumsdumsinoy Tne3saundioemiue

v ° 4 ° Ha 2 4 P @
nmsdumdnen Tavdsoudunsiumsmeunuy WinameauionSoufion  fu  A*
Algorithm ué’n:"lﬁﬁ Completeness, Time Complexity, Space Complexity Llag Optimal Y

anummnzauniiga lupsdum
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NYYY HazMsvonuu

Wlsmaum i hildgedidues  Direct X wldgndideves Windows Ao
GDI (Graphic User Interface) Lag ﬁjﬂﬁ’lﬁ’d Media Control Interface (MCI) 910 Win32 API lu

1] Jd A A Y 1 [
M IWaides way nFemsuansgtesnmanthns ezl

Mouse
keyboard
joystrick
({input
devica)

» MCI —>-

314 3.1 uaeagimehauvesnuneafiameslngld i

' b4
M3 ldgamds Direct X axiilnseadalumsiFoudsi]

Program
Aplication Network
(DirectPlay)
L 2
mput LI Directx
(Ditectinput) Sound
(DitectSoundy
i Directhusic)
l Output [Direcﬂ:)raw)—l

31 3.2 semagUmsihnuve unumeaiunesTagly Direct X
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13U H1eAu Direct X ziuguénaainglugszun hardware unuiisnz 1 yasnd

]

o w o b4 ¥
A hardware TAAsegAR1da U Direct X 1w1m8auazaIn I umsuaaIme wazns3u
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Adoya

3
3.1 MIAFNURI (Surface)

M130§19 Surface 54910M595131) Bitmap Wm1ard19 surface ezl un1snanenm

Picture
(Bitmap type)

Create
OffScreen

/\ No
if rezult = OK

%) e

Surface

319 3.3 Msada Surface W0IN3

3.2 MSUaaINaNIn

Picture
(Bitmap type)

Create Surface

Component Surface

Buffer Surface

Back Surface

!

Primary Surface

Flip

~ o a4 gy
3‘1]7] 3.4 MIUIMNNWTAINAN IO
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MIUMNAAIHATUINAI Surface 11014 Surface BN INATIL
v 9 Y
@ o o v a o <
Buffer Surface 9INUUMINTIMWUNTIUNARNUAIFITO9 Buffer Surface) uuAv' 13 ludivy

’ v v
HINIZIINTUAAINA (Back Surface) 1oIn3 oudAIHA 2101 TUTINT A1 (Flip)

3.3 Msaudeg

Create Sound Create Sound Bifect
l Direat Music
Muzic

Sepment Buffer

Music Create Sound
Performance Bffect

Sound Rffect
L 3 L

Dirzct Muzic Speaker

3N 3.5 msnanwmaveudeallszneu

MINNUVDI DirectMusic 32151198 Music Performance %Gsﬂ%gamﬂ Music
Y
Segment 1 1/a udade 119 DirectMusic ad1aidsumasesnin naanTudIdsnstEes

v F4
Mdnlet Effect 1y USunamds sioo s Tasidoyaidonunidn 31y Butter 1iniiushns

Create Sound Effect Lﬁ@ﬁmﬂﬂfj a1 T
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NANHIN 1.

A* Algorithm

/%~ STRUCT | *\

| Name: NODE

| Desc: the Node,defines one tile for the AStar pathfinding algorithm

% .
struct NODE
{
int x, // X pos of the tile
y; //'Y pos of the tile
long f; // the cost to move from the start to the node and from the node to the goal(the
heuristic)
int Parent,// this identifies the parent from which the successors was created(NULL if it is
the first node)
ID; // the id which the parent will refer to

15

/I ¥ ASTAR CLASS

P R R R R R R S e e R A S e R R R s R R Rt

/*—| CLASS | \

| Name: AStar
| Desc: the Pathfinding class

\* */

class AStar
{
void ConstructPath(NODE n);
bool IsinOPEN(NODE n);
bool IsinCLOSED(NODE n);
void AddToOPEN(NODE n);
void AddToCLOSED(NODE n);
void RemoveFromOPEN(NODE n);

void GenerateSuccs(NODE n);
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void GenerateSucc(int x,int y,int Parent);

NODE GetBestNode();

NODE GetNodeFromCLOSED(int ID);

int nOpen,nClosed,cOpen,cClosed,clD;

NODE nStart,nGoal;

NODE* OPEN;

NODE* CLOSED;
public:

int nPath;

NODE* PATH;

bool FindPath(POINT StartPos,POINT EndPos);
}Path;
J7%% MEMBER FUNGCTIONS %% i st st s ok st e s oo ot oo oot ek koo e ook
i
I ASTAR T T T T
it

/*—| ASTAR FUNCTION | *\
| Name: ConstructPath

| Desc: constructs a path trough the .Parent value of the node that found the goal

\* —] ASTAR FUNCTION | A
void AStar::ConstructPath(NODE n)
{
PATH =(NODE¥*) malloc(300 *sizeof(NODE));
nPath=0;
NOBDBE nTemp=n;
int a=0; !
NODE *AltPath;
while (nTemp.ID !=-1)
{
PATH[nPath++]=nTemp;
nTemp=GetNodeFromCLOSED(nTemp.Parent);

}
PATH[nPath++]=nTemp;
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AltPath=(NODE*) malloc(nPath*sizeof(NODE));

for (int i=nPath-1;i>-1;i--)

{

AltPath[a++]=PATHIi];
}
free(PATH);

PATH=AIltPath;

}
/* —| ASTAR FUNCTION | =\

| Name: IsInOPEN

| Desc: Verifies if a node is in the OPEN list

\* —| ASTAR FUNCTION | */
bool AStar::IsinOPEN(NODE n)

{
if (OPEN==NULL) return false;

int Len=(sizeof(*OPEN)*cOpen)/sizeof(NODE);

for (int i=0;i<Len;i++)

{

if (OPEN([i].x == n.x && OPEN]i].y == n.y)
break;

}

if (i==Len) return false;

return true;
}
/* —| ASTAR FUNCTION | *\

| Name: IsInCLOSED

| Desc: Verifies if a node is in the CLOSED list

\* —| ASTAR FUNCTION | */
bool AStar::IsinCLOSED(NODE n)

{
if (CLOSED==NULL) return false;
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int Len=(sizeof(*CLOSED)*cClosed)/sizeof(NODE);

for (int i=0;i<Len;i++)

¢

if (CLOSED/i].x == n.x && CLOSED[il.y == n.y)
break;

H

if (i¥=Len) return false;

return true;
3
/* —| ASTAR FUNCTION | *\

| Name: AddToOPEN
| Desc: Adds a node to the OPEN list

\* —| ASTAR FUNCTION | ; il

void AStar::AddToOPEN(NODE n)
{
if (cOpen>nOpen)
{
nOpen+=100;
OPEN=(NODE¥) realloc(OPEN,sizeof(NODE)*nOpen);
H
OPEN[cOpen++]=n;
3
/* —| ASTAR FUNCTION | *\

| Name: AddToClosed
| Desc: Adds a node to the CLOSED Iist

\* —| ASTAR FUNCTION | %/

void AStar::AddToCLOSED(NODE n)
{
if (cClosed>nClosed)
{
nClosed+=100;
CLOSED=(NODE?*) realloc(CLOSED,sizeof(NODE)*nClosed);



}
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CLOSED[cClosed++]=n;

/*—| ASTAR FUNCTION | *\

| Name: RemoveFromOPEN

| Desc: Removes a node from the OPEN list

\* —| ASTAR FUNCTION | %/

void AStar::RemoveFromOPEN(NODE n)

{

if (OPEN==NULL) return;

int Len=(sizeof(*OPEN)*cOpen)/sizeof(NODE);
for (int i=0;i<Len;i++)
if (OPENI[i].x == n.x && OPEN([i].y == n.y)
break;
for (int j=i;j<cOpen;j++)
OPEN([j]=OPEN[j+1];

c¢Open--;

/% —| ASTAR FUNCTION | #\

| Name: GenerateSuce

| Desc: Generates a node and adds it to OPEN

\* —| ASTAR FUNCTION | Ji

void AStar::GenerateSucc(int x,int y,int Parent)

{

/I First we check if the new successor is ot of the Map area or is a
/I forbidden tile.So if it is clear for movement,create the node and
// if the node is not already created(is not in OPEN) and it is not
/I in CLOSED then create it

if (x<0) return; if (y<0) return;

if (x>Map.LenX) return;if (y>Map.LenY) return;

if (Map.GetTile(x,y) !='>') return;

NODE n;
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n.x=x; n.y=y; n.ID=cID++; n.Parent=Parent;
//Assume h function = (abs(nGoal.x - n.x)+1) * (abs(nGoal.y - n.y)+1)
n.f=(abs(nGoal.x - n.x)+1) * (abs(nGoal.y - n.y)+1);
if ({IsinOPEN(n) && !IsinCLOSED(n))
AddToOPEN(n);

}
/* —| ASTAR FUNCTION | L

| Name: GenerateSuccs

| Desc: Generate successors for the node

\* —| ASTAR FUNCTION | */
void AStar::GenerateSuccs(NODE n)
{
GenerateSucc(n.x-1,n.y-1,n.ID); // Upper Left
GenerateSucc(n.x ,n.y-1,n.ID); // Upper Center
GenerateSucc(n.x+1,n.y-1,n.ID); // Upper Right
GenerateSucc(n.x-1,n.y ,n.ID); // Center Left
GenerateSucc(n.x+1,n.y ,n.ID); // Center Right
GenerateSucc(n.x-1,n.y+1,n.ID); // Lower Left
GenerateSucc(n.x ,n.y+1,n.ID); // Lower Center

GenerateSucc(n.x+1,n.y+1,n.ID); // Lower Right

RemoveFromOPEN(n);

AddToCLOSED(n);

/* —| ASTAR FUNCTION | =\
| Name: GetNodeFromCLOSED

| Desc: Retrieves the node from the CLOSED list (for path construction)

\* —| ASTAR FUNCTION | */
NODE AStar::GetNodeFromCLOSED(int ID)
{

for (int i=0;i<cClosed;i++)

if (CLOSED/[i].ID == ID)



return CLOSEDi];

return CLOSED[0]; // to silence the warning

/*—| ASTAR FUNCTION | *\

| Name: GetBestNode

| Desc: Retrieves the node that is the closest to the goal (defined by the heuristic)

\* —| ASTAR FUNCTION | %/

NODE AStar::GetBestNode()

{

long =OPEN][0].f;
int ArrPos=0;
int Len=(sizeof(*OPEN)*cOpen)/sizeof(NODE);

NODE tNode;

for (int i=1;i<Len;i++)

{
if (OPENi].f<=f)
{
f=OPENi].f;
ArrPos=i;
3
}
tNode.f =OPEN/[ArrPos].f;
tNode.x _=OPEN][ArrPos].x;
tNode.y =OPEN/[ArrPos].y;

tNode.Parent=OPEN|[ArrPos].Parent;
tNode.ID =0OPEN|[ArrPos].ID;

return tNode;
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/*—| ASTAR FUNCTION |

| Name: FindPath

111

*\

| Desc: the main function of AStar,this one finds the path,or not,and stores it in the PATH

\* —| ASTAR FUNCTION |

¥*/

bool AStar::FindPath(POINT StartPos,POINT EndPos)

{

found

// -- Memory allocation -----===---—------

if (nPath>0 && nPath<300) free(PATH);

OPEN =(NODE*) malloc(1000*sizeof(NODE));
CLOSED=(NODE¥*) malloc(1000*sizeof(NODE));
nOpen =1000;

nClosed=1000;

cOpen =1;

cClosed=0;

cID=0;

/I — Search initialization --—-—-—-—-—-

NODE n;
n.f=n.Parent=n.ID=-1;n.x=StartPos.x;n.y=StartPos.y;
nStart=n;

n.f=n.Parent=n.ID=0;n.x= EndPos.x;n.y= EndPos.y;
nGoal=n;

OPEN][0]=nStart;

/I — Pathfinding

while (cOpen) / Do while OPEN is not empty,if OPEN is empty,it means that the path was not

{
n=GetBestNode();
if (n.x==nGoal.x && n.y==nGoal.y)
break;
GenerateSuccs(n);
}

// — Memory deallocation -----------------

if (cOpen !=0) ConstructPath(n);



free(OPEN);

free(CLOSED);

if (cOpen==0)
return false;
else

return true;
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