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/1 bg (38400 unconpressed bytes)

11

extern const unsigned char bg Bitnmap[ 38400] = {

0x4f, O0x3b, 0x23, 0x23, 0x2c, Ox1f, 0x22, 0x2d, Ox2f,
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0x2f,

0x2f,

. 67

0x2f,




0x31, Ox2f, Ox2d, Ox2f, 0x23, 0x1d,
0x22, Ox1f, Ox2f, Ox2d, Ox2d, 0x1d,
0x2f, 0x2d, 0x34, Ox2f, O0x2f, 0x2d,
0x22, Ox1f, Ox2f, 0x2b, 0x23, 0x2d,

Oxel, Oxe4, 0Oxc7, Oxbf, 0xc3, Oxf2,
oxf8, Oxf8, Oxf8, Oxf8, O0xf9, Oxf9,

0x2d, Ox4c,
0x22, 0x2d,
Ox2c, 0x23,
Ox2e, 0x2d,

oxf 2, Oxf6,
oxf 8, 0xf8,

Oxf 8, O0xf8, Oxf2, Oxf6, Oxf6, Oxf2, Oxf2, Oxf2,
Oxel, 0xd6, 0xd9, 0xd9, 0xd9, 0xd9, 0xc9, O0xf6,
Oxf8, Oxf8, Oxf8, Oxf8, Oxf8, Oxf8, Oxf8, Oxf9,

3
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0x37,
0x23,
0x23,
Ox1d,

0xf 6,
Oxf 8,
Oxf 2,
Oxf 6,
0xf 9,

% &

0x38, 0x2f, 0x2d,

0x23,
0x2d,
0x23,

Oxf 7,
Oxf 8,
Oxf 6,
Oxf 2,
0oxf9

%8

0x33, O0x2f,
0x2d, 0x2d,
0x38, 0x2b,

Oxf 8, O0xf9,
Oxf 2, Oxf8,
Oxf2, 0xd9,
0xf 6, Oxf8,

&'s
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Hardware Double Buffer
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Horizontal and Vertical Retrace

96H C

Working with Mode 3
| !
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Drawing Basics

9 : I
! H

6 ") )

Drawing Pixels

+: !

vi deoBuffer[y * SCREENW DTH + x] = col or;

) : >
voi d DrawPi xel 3(int x, int y, unsigned short col or)
{
vi deoBuffer[y * 240 + x] = c;
}
4 |
6 ( I ) 4 4 !

NN NN
/1 Programmng The Gane Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Modes

/1 Mode3Pi xel s Proj ect

// main.c source code file

NNy

/1 add support for the rand function

#i ncl ude <stdlib. h>

/1 decl are the function prototype
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voi d DrawPi xel 3(int, int, unsigned short);

//decl are sone defines for the video node
#def i ne REG DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_3 0x3

#def i ne B&2_ENABLE 0x400

/I changes the video node

#def i ne Set Mbde(nopde) REG DI SPCNT = (npde)

[/ packs three values into a 15-bit col or
#define REB(r,g,b) ((r)+(g<<5b)+(b<<10))

/lcreate a pointer to the video buffer

unsi gned short* vi deoBuffer = (unsigned short*)0x6000000;

NNy
/1 Function: main()
/1 Entry point for the program
NNy
i nt mai n(voi d)
{

int x, vy;

unsi gned short col or;

Set Mode( MODE_3 | BG2_ENABLE) ;

whi | e(1)
{
//randoni ze the pixel
X = rand() % 240;
y = rand() % 160;
color = RGB(rand()%31, rand()%31, rand()%31);
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Dr awPi xel 3(x, y, color);

return O;

THOLEPETIT i rr i
/! Function: DrawPixel 3
/1 Draws a pixel in node 3

NNy

voi d DrawPi xel 3(int x, int y, unsigned short color)

{

vi deoBuffer[y * 240 + x] = col or;

PE Visual HAM - [G:\GBA'Sources\CHAPTE~3\MODE3P~1\main.c] =18 x|
O = Ecit Fomat Wiew Project Advanced External Tools indow Help —1=l x|

=N =T A TR

o B HAM Workspace 2l
B queeiies 22 //packs three values into a 16-bit color [T —
B mainc 2: #define ROB(r,gb) ({r]+{g<es)+(beclil) File Cptions Cheats Tools Help
8 Headar Files 25 //creste a pointer to the video buffer 3 !
26 unsioned short* videoBuffer = (unsigmed shortt)0x6000000;
27

BB LSS SLTES LIS SIS LTSS STT S BIIS S ES LIS E R TTS S LIS ST AF I
28 /v Function: main()

30 s/ Entry point for the program 3
SL LSS LLTES LIS S TIL LTSS S TTT S BLIL S EALESSEETTTSSALI TSP
32 int main{void)

EE
aa int x, ¥
35 uwnsigned short celex; %
a6
a7 SetlMode (NODE_3 | BGZ_ENABLE):
a8
a9 while(l) n
= & %
a1 //randonize the pixel
22 % = rana() % 240;
a3 ¥ = rand() % 160;
a4 colox = RGE(rand()%3L1, rand()%3l, zand()%31);
a5
a5 DrawPixel3(x, ¥, color):
a7 ¥
a8
as return 0;
03
51
- ()$
53 void DrawPixel3(int x, int v, wisigned shozt c)
54
55 wideoBuffer[y * 240 + x] = c:
56 3
57
58 L
L o
Fram/acc - arm/bi n/arm-thumb-eTT-Td, oL o /hamgcearmyTTE faceTI /s Churb_eTr73 2, Z/hormal L o3/hain/gce-aryarm-chunb-c1r7 11b/normal —L g:/han/scc-arm o]
3 /hemm/cc - arm/bi n/arm-thumb_e1 F-objcopy - & -0 binary ModeiPixels.elf Mode3Pixels.oha
copy from Mode3Pixels. eh‘(evsz htﬂearm) o Hode3Pixels. gha(hmary)
a:/ham/tools/win3z/rm —f *.0 =, 211
goéhzm/tnnlslwwniZ/qbaﬁx xe ' Moteipixels.gba
a: I/Ham/tnn]s/wmiZ/vba exe  Mod
»

[Ltn3L, colet [ Selen: o [1ns |

Drawing Lines
' 0
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NN RN
/1 Programm ng The Gane Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Mddes

/1 Mode3Li nes Project

/1 main.c source code file
NN NN

#defi ne MULTIBOOT int _ gba_rmultiboot;
MULTI BOOT

/1 add support for the rand function

#i ncl ude <stdlib. h>

[/ decl are the function prototype
voi d DrawPi xel 3(int, int, unsigned short);

void Drawline3(int, int, int, int, unsigned short);

/ /decl are sone defines for the video node
#def i ne REG DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_3 0x3

#defi ne B&_ENABLE 0x400

/I changes the video node

#def i ne Set Mbde(npde) REG DI SPCNT = (npde)

[/ packs three values into a 15-bit col or
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#define RGB(r,g,b) ((r)+(g<<5b)+(b<<l10))

/lcreate a pointer to the video buffer

unsi gned short* videoBuffer = (unsigned short*)0x6000000;

NN NN
/1 Function: main()
/1 Entry point for the program
N NN NN
i nt mai n(voi d)
{

int x1,yl,x2,y2;

unsi gned short col or;

Set Mbde( MODE_3 | BG2_ENABLE) ;

whi | e(1)
{
x1 = rand() % 240;
rand() % 160;
rand() % 240;
y2 rand() % 160;
color = RGB(rand() %31, rand()%31, rand()%31);

yl
X2

Drawli ne3(x1, y1,x2,y2,color);

return O;

[HETETET i rrrrririririririrly
/1 Function: DrawPi xel 3
/] Draws a pixel in node 3

FEEEEEEEr b
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voi d DrawPi xel 3(int x, int y, unsigned short col or)

{

vi deoBuffer[y * 240 + x] = color;

NN NN
/1 Function: DrawLine3
/1 Bresenhamlis infanbus |ine algorithm
NN RN
void DrawLine3(int x1, int yl1, int x2, int y2, unsigned short color)
{

int i, deltax, deltay, nunpixels;

int d, dincl, dinc2;

int x, Xincl, xinc2;

int y, yincl, yinc2;

//cal cul ate deltaX and deltaY
abs(x2 - x1);
abs(y2 - yl);

del t ax

del tay

/linitialize

i f(deltax >= deltay)

{
/11f x is independent variable
nunpi xel s = deltax + 1;
d = (2 * deltay) - deltax;
dincl = deltay << 1;
dinc2 = (deltay - deltax) << 1;
xincl = 1;
xinc2 = 1,
yincl = O;
yinc2 = 1;

}

el se




/[1if y is independent variable

nunpi xel s = deltay + 1;

d = (2 * deltax) - deltay;

dincl = deltax << 1;

dinc2 = (deltax - deltay) <<

xincl = 0;
xinc2 = 1,
yincl = 1;
yinc2 = 1;

/I move the right direction

i f(x1 > x2)
{
xincl = -xincl;
Xinc2 = -xinc2;
}
if(yl > y2)
{

yincl = -yincl,
-yinc2;

yi nc2

x1;

=yl

//draw t he pixels

for(i = 1; i < nunpixels; i++)

{

Dr awPi xel 3(x, y, color);

if(d < 0)
{
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Edt Formab View Project Advanced External Too

o

x

+ dincil;

+ Xincl;

y + yincl;

o

x

y

Is

+ di nc2;
+ xinc2;

+ yinc2;

Window  Help

SEIES|
RETEY

o o

C- AT

(2 HAM Workspace
e Iijnu:::lles 64 // Function: D.xawi
65 // Bresenham s line algoritha
-8 HeaderFiles 66 /////////////////////////////////////////////////////////
67 void Drawline3{int x1, int yl, int x2, int ¥2, unsigned s
688 {
6% int i, deltax, deltay, numpixels;
70 int d, dincl, dinc2:
2 int x, xincl, xincz:
72 int ¥, yinel, yinc2;
73
i A/calculate deltaX and delta¥
75 deltax absix2 - x1):
i deltay = abs(yz - y1):
77
78 AA/initialize
79 if{deltax >= deltay)
80 3
a1 #/IF ¥ is independent veriable
8z mmpixels = deltax + 1;
83 d = (2 * deltay) - deltax;
84 dincl = deltay << 1;
8s aincz = (deltay - deltax) << 1;
a5 xinel = 1:
87 xincz = 17
88 ¥incl = 0;
83 ¥inc2 = 1:
s0 }
o1 elze
k] {
AA1f ¥ is independant variskle
mumpixels = deltay + 17
4= {2z * deltax) - deltay:
aincl = deltax << 1;
dincz = (deltax - deltay) << 1}
xincl = 0;
xinc2 = 1:

File Options

Cheats

Tooks

62
P L L Lty
ned

Help

o

v

[a/Ram/gec-arm/b1 n/arm—thumb—e1 £ 14, exe
i i e

copy From Mode3Lines.al

gi/ham/tools/wind2/rm —F *.0 *.1

Ej/esed liEE/ i SR

ROM fixed!
g:/ham/tools/win3z/vba.exe  Mod
4

Moe3LA nes. gb

a

inary Mode3Lines.elf Mode3lines.gha

T
-0
F(elfaz-lieeTeanm) o Moda3Lines. gbatbinary]

e e o e e e e

i/ham/acc-arm, a |

[Ln &7, ol 14 [ SelLen: 0 5 |

Making GBA Programs Multi-Bootable

#def i ne MULTI BOOT

MULTI BOOT

_gba_nmul ti boot

4
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#defi ne MULTIBOOT int _ gba mnultiboot;

@G C
4 | &
) ( M
MULTI BOOT
+

int _ gba multiboot;
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mul ti boot Mdde3Li nes
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nb -w 50 -s %. gba

5 + <4
4 1&
.6 +
C =3
/I @ F, +
@
+ 4 1& + C

Paral l el MBV2 cabl e found: hardware=v2.0,

EPP support found.
Looki ng for nultiboot-ready GBA. ..
Sendi ng data. Please wait...

CRC &k - Done.

ERROR - No hardware found on sel ected parallel

firmvare=v4

E K

Check parallel port number, nake sure cable is connected to port and to GBA,

& make sure GBA is turned on.

+ 1
1.
(
- .6 +
96S
<
C
= +
N$ $$
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Drawing Circles

N NN NN
/1 Programm ng The Gane Boy Advance

/1 Chapter 5: Bitmap-Based Video Mddes

/1 Mode3Circles Project

// main.c source code file
NN NN NN

#defi ne MULTIBOOT int _ gba nultiboot;
MULTI BOOT

/1 add support for the rand function

#i ncl ude <stdlib. h>

/1 decl are the function prototype
voi d DrawPi xel 3(int, int, unsigned short);
void DrawCircle3(int, int, int, int);

// decl are sone defines for the video node

#def i ne REG_DI SPCNT *(unsi gned | ong*) 0x4000000
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#defi ne MODE_3 0x3
#defi ne BG2_ENABLE 0x400

// changes the video node

#def i ne Set Mbde(nopde) REG DI SPCNT = (npde)

[/ packs three values into a 15-bit col or

#define REB(r,g,b) ((r)+(g<<5b)+(b<<10))

//create a pointer to the video buffer

unsi gned short* videoBuffer = (unsigned short*)0x6000000;

N NN NN
/1 Function: main()
/1 Entry point for the program
NN NN
i nt mai n(voi d)
{

int x, vy, r;

unsi gned short col or;

Set Mode( MODE_3 | BG2_ENABLE) ;

whi | e(1)
{
X = rand() % 240;
y = rand() % 160;
r = rand() %50 + 10;
color = RGB(rand() %31, rand()%31, rand()%31);

DrawCircl e3(x, y, r, color);

return O;
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/1 Function: DrawPi xel 3

/1 Draws a pixel in node 3
FEPEPEEE bbb rrrrirrgd
voi d DrawPi xel 3(int x, int y, unsigned short col or)

{

vi deoBuffer[y * 240 + x] = col or;

NN NN

/1 Function: DrawCircle3

/1 Bresenhamis infanbus circle algorithm
NN NN
void DrawCircl e3(int xCenter, int yCenter, int radius, int color)

{
0;

int x

int y radi us;

int p=3- 2* radius;

while (x <=vy)

{
Dr awPi xel 3(xCenter + x, yCenter + y, color);
Dr awPi xel 3(xCenter - x, yCenter + vy, color);
Dr awPi xel 3(xCenter + x, yCenter - y, color);
Dr awPi xel 3(xCenter - x, yCenter - y, color);
Dr awPi xel 3(xCenter + y, yCenter + x, color);
Dr awPi xel 3(xCenter - y, yCenter + x, color);
Dr awPi xel 3(xCenter + y, yCenter - x, color);

Dr awPi xel 3(xCenter - y, yCenter - x, color);

if (p <0
p += 4 * x++ + 6;

el se
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p+t=4 * (x++ - y--) + 10;

H#

I
—l8ix|

PE Yisual HAM - [6:1GBA\Sour ces\CHAPTE~3\MODE3C~1\main.c]

W Fi= Edt Fomat view Projsct Advanced Extsrmal Tooks Window Help

- 8@ @ 0o

26 /soreate a pointer to the video buffer Al

=lolx

= HAM Warkspace
-3 5ource Files

Ll maine
[ Header Files

27 unsigned shoret videoBuffer = {unsigned shorc)0x6000000; FETmreswe—"

Fie Options Cheats Tools Help
e Y P oo

30 // Raction: main() i
3l // Entry poinmt for the program }
G2 SIS LI I ST AF SIS F PO TEE IS IE IS AS I P00
33 int main(void)

34 {

35 int x, ¥, r:

36 wisigned shore color:

37

38 SetMode (MODE_3 | BGZ_ENABLE)

39

40 whils(l]

a

az % = rand(] % 2407

a3 ¥ = rand(] % 160 n
a4 £ = randi) % 50 + 10

as color = RGB(rand(js31, rand()%3l, rand()s31):

a6

a7 DrawCircled(x, ¥, r, color):

a8 )

a3

S0 return 0;

51}

52 |

L i
§4 /7 Function: DrawPixeld

85 // Draws a pixel in mode 3

D L i i e
57 woid DrawPixel3(int x, int y, unsigned short color)

58 {

59 wideoBuffer[y * 240 + x] = color:

60}

B2 I ILAIIT SO ELL T TLLITLIISEEEET S ELELTLLITTIIITL IS TLLSTLEETT
63 /7 Function: Brawrirclei

a s e Smfammra mimele s lanwishm =
Files | Auto Complete 3 ¥

gi/han/gec-arm/bin/armthurb-eTFTd.axe L gi/hanyaccarm T 1b/gec- T1b/arm Thurb_e 1173 2. 2 ormal —L g:/ham/gee-armyamn-thumb-e17/T1b/rormal —L g han/gec-arma]
a:/ham/gec-arm/bin/arm-thumb-e1f-gbjcop nary Mode3Circles.elf Mode3Circles. gba
:ony From HodeIcirclas. elf(elfsz ]ltﬂear‘m) “to Mcdascmﬂes gba(b'mar‘y?

g:/ham/ton s /winiz/rm —F 5
Sl i Rt poscrelesvgba
ROM Fixed!
>

g:/ham/tonls/wini2/vha. exe  Mod
Fli

[Ln 44, Col 23 [ SelLen: 0 s |

Drawing Filled Boxes
) ?+: C

6H<' 4

J@ Jo $HHU !

NN NN NNy
/1 Programmng The Gane Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Modes

/1 Mode3Boxes Proj ect

/] main.c source code file

NNy
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#defi ne MULTIBOOT int _ gba multiboot;
MULTI BOOT

/1 add support for the rand function

#i ncl ude <stdlib. h>

// decl are the function prototype
voi d DrawPi xel 3(int, int, unsigned short);

void DrawBox3(int, int, int, int, unsigned short);

//decl are sone defines for the video node
#def i ne REG DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_3 0x3

#defi ne B&_ENABLE 0x400

/I changes the video node

#def i ne Set Mbde(nopde) REG DI SPCNT = (npde)

[/ packs three values into a 15-bit col or

#define R@B(r,g,b) ((r)+(g<<5b)+(b<<10))

//create a pointer to the video buffer

unsi gned short* vi deoBuffer = (unsigned short*)0x6000000;

NNy
/1 Function: main()
/1 Entry point for the program
NNy
i nt mai n(voi d)
{

int x1, yl, x2, y2;

unsi gned short col or;

Set Mbde( MODE_3 | BG2_ENABLE) ;
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whi | e( 1)

{
x1 = rand() % 240;
yl = rand() % 160;
x2 = x1 + rand() % 60;
y2 =yl + rand() % 60;
color = RG&B(rand() %81, rand()%31, rand()%31);
DrawBox3(x1, yl1, x2, y2, color);
}
return O;

NN NNy
/1 Function: DrawPixel 3

/1 Draws a pixel in node 3

N NN NN

voi d DrawPi xel 3(int x, int y, unsigned short col or)

{

vi deoBuffer[y * 240 + x] = color;

N NN RN
/1 Function: DrawBox3

/] Draws a filled box
NN NN
void DrawBox3(int left, int top, int right, int bottom

unsi gned short col or)

int x, vy;

for(y = top; y < bottom y++)
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for(x = left; x <right; x++)

Dr awPi xel 3(x, y, color);

E ¥ [G:\GBA H
WM Fle Edt Fomat View FProject Advanced Externd Tools Window Help

=R IR
= 41 1
B L orcpece 2 = ety 5 330 ST
f B mainc 43 1 = rand{) % 160: File Options Cheats Tools Help
! n W2 ol temai) & an;
(0 Header Files a5 ¥2 = yl + rand() % 60
1 Color = RGE (rend)3il, ramd(]31, rend():1):
47
x DravBox3(x1, 71, 2, 72, color};
B
5
5 rerum 0s
52 )
5
I Vil
55 :
S¢ 7 pesvs 5
AN S S S S A S s S S A s d i d i
58 woid DrawPixel3(int x, int ¥, unsigned short color)
59 {
60 wideoBuffer[y * 2Z40 + x] = color:
@)
e
PP P P P T T P T P P T P
64 /7 Function: DrawBok.
G5/ Drawe 5 £i110d hox
LN T T P N
67 void DrawBox3 (int lefrt,
o mesgued shore caler]
&9 |
70 e, v
”
T2 for(y = top: ¥ < bottom; ¥H)
7 ol o lefes w < reght wat]
74 DrawPixel3ix, ¥, color):
i
7
-
7 ||
Fies 1< |
31/ Ram/gee - arm b1 A/ arm-thumb—e TF—Td. exe R/ e c—arm; 11b/GCe— 115/ arm—thumb -2 1F/3 . 2. 2/normal L gt /ham/gee-arm/arm-ERmb-e /176 /normal —L §t/ham/gee-arm o]
a:/ham/gcc-arm/bin/arm-thumb-elf-objcopy.exe —v -0 binary Mode3Boxes.elf Mode3Boxes.gba
copy from Mode3Boxes.elf(elf3z-littlearm) to Mode3Boxes.gba(binary)
a:/ham/tools/win3z/rm —f *.o *.i *.11
gs’ghgm/tou‘]slm niz/gbafix.exe Mode3Boxes.gba
g:l/ham/tnnlslm n3z/vba.exe  Mod ’ -
3 g

[Ltn1, col0 | SelLen: 0 s |

Drawing Bitmaps
5

o B HH
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Converting Bitmap Images to Game Boy Format

6 ;
+ @
>
& coi
- &
) 4
J J J & ) 4
) 4
2
- @ < FF - "G
4@

H @8

' 0

+ & 8
( FoH
Ja J6 $HA ! F + Ja
6H< 4 '
-
& ! C
*
gf x2gba -fsrc -c32k fil enane. bnp
A &#HB & 5
6 I & &
A C
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gf x2gba -fsrc -c32k nopde3. bnp

11

/1 npde3 (76800 unconpressed bytes)

11

const unsigned short nmode3_Bitmap[ 38400] = {

0x7717, 0x7293, 0x69cd, 0x6e0f, 0x6e0f, 0x6e0f, 0x6e0f, 0x6e0f,
0x6e0f , 0x6e0f, O0x6e0f, O0x6e0f, O0x6e0f, O0x6e0f, O0x6e0f, O0x6e0f,
Ox6e0f, 0x6e0f, 0x7293, 0x7717, 0x6e51, 0x6e0f, 0x7717, Ox6e51
0x656a, 0x69cd, Ox6laa, 0x58c3, 0x6e51, 0x6e51, 0x7293, 0x7717,
0x7bbc, 0x7b5a, 0x6a2f, Ox6a2f, 0x6e51, 0x69cd, O0x656a, Ox6a2f,
Ox6a2f, Ox6a2f, Ox6a2f, Ox6a2f, Ox6a2f, O0x6a2f, 0x7717, 0x7b9b,
Ox7fff, Ox7fff, Ox7fff, Ox7fff, Ox7fff, Ox7fff, Ox7759, 0x7293,
Ox6e51, Ox6a2e, Ox6a2f, 0x6a72, 0x7293, 0x6127, 0x58c3, 0x58c3,

5 C % EB A$$ +
TA"$$ ; C !

Drawing Converted Bitmaps

NN NNy
/1 Programmng The Ganme Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Modes

/1 Mode3Bitmap Project




// main.c source code file

NNy

#defi ne MULTIBOOT int _ gba_rmul tiboot;
MULTI BOOT

//include files
#i ncl ude <stdlib. h>

#i ncl ude "node3.raw. c"

// decl are the function prototype

voi d DrawPi xel 3(int, int, unsigned short);

//decl are sone defines for the video node
#def i ne REG_DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_3 0x3

#def i ne B&_ENABLE 0x400

// changes the video node

#def i ne Set Mbde(nopde) REG DI SPCNT = (nobde)

//create a pointer to the video buffer

unsi gned short* videoBuffer = (unsigned short*)0x6000000;

NN NN
/1 Function: main()

/1 Entry point for the program
NN NN
i nt mai n(voi d)

{

int x, vy;

Set Mbde( MODE_3 | BG2_ENABLE) ;
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/1display the bitmap

for(y = 0; y < 160; y++)
for(x = 0; x < 240; x++)
Dr awPi xel 3(x, y, nmode3_Bitmap[y * 240 + x]);

/1 endl ess | oop
whi | e( 1)

{

}

return O;

N NN NNy
/1 Function: DrawPixel 3

/1 Draws a pixel in node 3
NN NN

voi d DrawPi xel 3(int x, int y, unsigned short c)

{
vi deoBuffer[y * 240 + x] = c;
}
4 I 3 #E
- 0 1&$%$
0
1&% 2 3
- 3
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ces\CHAPTE~3\MODESB~2\main.c]
ced External Tools Window Hep =& x]|

e
21 #define SetMode (mode) REG_DISPCNT - (mode)
£ /23 Source Files 2
= 23 s/create @ pointer to the video burfar
malne 24 unsigned shortt videoBuffer = (wnsigned short®)0x6000000;
[ Header Files = -
26 11110017, ALIAILTILTA T TALLLFIL P AL L1711
27 /7 Funct:

28 // Entry point for the program
29
30 int main(void)
31 ¢

3z imex, 3
- 5
31 seulode(NODE3 | BGZ_ENABLE);

as

36| saioptay the viewe

7 ety - 05 7 < L60s 3 " & 0
38 For(x = 0: x < 240 ¥+ [

35 DrawPixel3(x, v, mode3 Bitmaply * 240 + x1): -

s

a1 sjenaless t00p

4z while (1)

4

(-

45

-

B LS LS 1AL AL LS TALFELALFELALF AL LA TAL LA EAL LA TAL LA AL 1AL
ont Drawpi

50 // Function: Drawdireld ()$
01d Drauixel’ (i

Fies [ Auto Complete

5

m-thumb-e17/3. 2. 2/normal -L 0:/ham/acc-arm/arm-thumb-17,/11b/normal -L g:/ham/gcc-art
T Mode3Bitmap. gba

=4

[Ln 42, Col 12 [SelLen: 0 [INs |

Working with Mode 4

I ! A C &% %

o8

Dealing with Palettes
4 " A C &#HB

n & *

const unsi gned short node4 Pal ette[ 256] = {

0x0001, 0x0023, 0x0026, 0x0086, 0x002a, 0x008a, O0x00aa, 0x010a,
0x00a9, 0x00ad, 0x00ae, 0x014e, 0x3940, 0x190b, O0x44e0, 0x4522,
0x25c0, 0x1e20, 0x3181, O0x2dcl, 0x2a23, 0x15cb, 0x3604, 0x3629,
0x4183, 0x45a5, 0x41le5, 0x4206, 0x3e27, 0x4627, 0x4228, 0x420c,
0x5481, 0x58c3, 0x5525, 0x6127, 0x4d86, 0x4dc7, 0x5186, 0x5988,

0x5f b5, 0x6357, 0x6396, 0x63b7, 0x639a, 0x6b36, 0x6b57, O0x6f37,
0x7357, O0x6f58, 0x7359, 0x7759, 0Ox7b5a, 0x6b78, O0Ox6f99, 0x6b99,
0x6f ba, 0x739a, 0x7779, O0x7b9a, O0x6fdb, 0x73dc, O0x77bb, 0x7b9b,
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0x7bbc, Ox7bdc, Ox7bdd, Ox77fd, Ox7fde, Ox7bfe, Ox7ffe, Ox77bf,
Ox7bdf, Ox7fff, 0x0000, 0x0000, 0x0000, 0x0000, 0Ox0000, 0x0000

b

&#B
$ HEBEEES

*

unsi gned short* pal etteMem = (unsi gned short*)0x5000000;

@
8B 4 3

for (n = 0; n < 256; n++)
pal etteMen{ n] = RGB(31, 31, 31);

B ;
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8 BIT PIXEL 15 BIT PIXEL

Color Palette Table ?:fgurteg::r
R —— 1
0 1 2 3 ---255 BGR

Pixel = 0x01 Pixel = OxOFEE

8

16-Bit Unsigned Short (15-Bit Pixel)

Bits 8-15

Odd Pixels
(1, 3,5,7, 9 ...)

Drawing Pixels
N .
! #
96H
3 # 0O
6
& 7 Bits 0-7
1/
Even Pixels
(0,2,4,6,8..)
+ B
0 (
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3

unsi gned short offset = (y * 240 + x) >> 1;

pi xel = videoBuffer[offset];

5 5H:
if (x &1)

3

vi deoBuf fer[ of fset]

(pi xel & OxFFO0) + col or;

vi deoBuf fer[ of fset]

voi d DrawPi xel 4(int x, int y, unsigned char color)
{
unsi gned short pixel;

unsi gned short offset = (y * 240 + x) >> 1;

pi xel = videoBuffer[offset];
if (x &1)
vi deoBuffer[of fset] = (color << 8) + (pixel

el se
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%

(color << 8) + (pixel & OxOO0FF);

& OXOO0FF) ;




AN

T

B

E g

W

vi deoBuffer[of fset] = (pixel & OxFF00) + color;

NN NN
/1 Programmng The Ganme Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Modes

/1 ModedPi xel s Proj ect

// main.c source code file

NNy

#defi ne MULTIBOOT int _ gba_rmultiboot;
MULTI BOOT

/1 add support for the rand function

#i ncl ude <stdlib. h>

//decl are the function prototype

voi d DrawPi xel 4(int x, int y, unsigned char bCol or);

/ /decl are sone defines for the video node

#defi ne MODE_4 0x4

#def i ne B&_ENABLE 0x400

#def i ne REG DI SPCNT *(unsi gned i nt*)0x4000000

#defi ne RGB(r,g,b) (unsigned short) ((r)+((g)<<5)+((b)<<10))

/lcreate a pointer to the video and palette buffers

unsi gned short* videoBuffer = (unsigned short*)0x6000000;
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unsi gned short* pal etteMem = (unsi gned short*)0x5000000;

// changes the video node

#def i ne Set Mbde(nopde) REG DI SPCNT = (npde)

NN NN
/1 Function: main()

/1 Entry point for the program
NN NN
i nt mai n(voi d)

{
int x1,yl,n;

Set Mode( MODE_4 | BG2_ENABLE) ;

for (n = 1; n < 256; n++)

pal etteMen{n] = R&(rand() % 31, rand() % 31, rand() % 31);

whi | e( 1)
{

x1 rand() % 240;

rand() % 160;

yl

DrawPi xel 4(x1, yl1, rand() % 256);

return O;

NN NN
/1 Function: DrawPixel 4

/1 Draws a pixel in node 4
NN NN

voi d DrawPi xel 4(int x, int y, unsigned char color)

Programming The Nintendo Game Boy Advance: The Unofficial Guide
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- =
- -—_ _‘1._ .,-l- = !' — !
—l.‘. =
B ===

unsi gned short pixel;

unsi gned short offset = (y * 240 + x) >> 1;

pi xel = videoBuffer[offset];
if (x &1)
videoBuffer[offset] = (color << 8) + (pixel & OxO0FF);

el se

vi deoBuf f er [ of f set ]

(pi xel & OxFF0OO) + col or;

PE Yisual HAM - [G:) =18
W cot romat v —laix|

[T I

= 8 A warkepace
523 Source Files 33 anewlylons

(&) main.c 35 SetMode(MODE_4 | BG2_EMABLE) ;
{1 Header Files o
37 for (n= 1;n< 256 ned)
38 paletteMen[n] = RGB(rand() % 31, rand() % 31, ri
a0 while(l)
5

1z ®L = rand(] % 2407
a3 Tl = rand(] % 1607

as Drawpixeld(xl, yl, randi) % 256):

52 // Panction: Drawbireld
53 ¢/ Draws e pixel in mode 4

sa
55 woid Drawbixeld[int ¥, int y, wisigned char color)

56 (

57 wnsigned short pixel;

58 wnsigned short offset = (v * 240 + x) 3> 1;

sa

0 pixel = videoBuffer[offsetl:

6L if (x & 1)

6z videoBuffer(offset] = (color << 8) + [pixel & DxDOFF);
63

else
6a videoBuffer[offsec] = (pixel & OXFFOD) + color; ( ) $

ol

TB/gce-T1b/arm-thumb-e 17 /3. 2. 2/mormal -L :/ham/gcc-arm/arm-thumb-e 17 /11b/normal -L a:/ham/gec-arm,
ry ModedPixels.elf ModedPixels.gba

]

-

[Ln4, ol 8 [SelLen: 0 N5 [

Drawing Bitmaps
@ A -

& " I3
A" $$ " .

Programming The Nintendo Game Boy Advance: The Unofficial Guide
Copyright (¢)2003 by Jonathan S. Harbour -- http://mww.jhar bour.com




; ( 6H <' 4 @ » B/ )

gf x2gba -fsrc -pnode4. pal node4. bnp

& * ! !

n L.

" ( 4 4
2 ( | ) 4
3E

N NN NN
/1 Programm ng The Gane Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Mddes

/1 ModedBitmap Project

// main.c source code file
NN NN

#defi ne MULTIBOOT int _ gba mnultiboot;
MULTI BOOT

/linclude files

#i ncl ude <stdlib. h>

#i ncl ude <string. h>

#i ncl ude "node4. raw. c"

#i ncl ude "node4. pal . c"

// decl are sone defines for the video node
#def i ne REG_DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_4 0x4
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#defi ne B&_ENABLE 0x400

/I changes the video node

#def i ne Set Mbde(npde) REG DI SPCNT = (npde)

/lcreate a pointer to the video and palette buffers
unsi gned short* videoBuffer = (unsigned short*)0x6000000;
unsi gned short* pal etteMem = (unsi gned short*)0x5000000;

NN NN
/1 Function: main()

/1 Entry point for the program

N NN RN

i nt mai n(voi d)

{
int n;
//set video node 4
Set Mode( MODE_4 | BG2_ENABLE) ;
//set up the palette colors
for (n =0; n < 256; n++)
pal etteMenin] = node4_Pal ette[n];
/1 display the bitmap
mencpy(vi deoBuf fer, node4 Bitmap, 38400);
/1 endl ess | oop
whi |l e(1)
{
}
return O;
}
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3 # 90

) 4 @G

5@6

5@6

B
WM Fle Edt Format Wiew FProject Advanced External Tools Window Help

[ IR

(o HaMWorkepaee || 18 #uefine mODE_a Oxa
529 Sourcs Files 17 fdefine BG2_ENABLE 0:x400
18 File
19 //changes the video mode
123 eaderiles 20 #define SetMode (uode) REG_DISPCHT = [mode)
21

22 //create a pointer to the video and paletts burfers
23 unsiged short® videsBuffer - (wnsigned Short®)0xs000000;
24 wnsigned short® palettelen = (imsigned short®)0x50000007

B e e e
g m tion: mu'n{)

VisualBoyAdvance-107%
Options

D W

32 int n;
33

34| ssset video mode 4

35 #ecMode (MODE_4 | BGZ_ENABLE);

36

37 ssset up the palstte colors

38 for (n - 07 n < 256; mH)

39 palettsMen(n] = moded Palette[n]:
an

4 #rdispiay the bitmap

4z mewcpy(videoBuffer, moded Bitmap, 35400):
1

42 s/endless loow

as while (1]

5 {

a )

a8

3 zetumn 0;

50y

51

52

53

Auto Complete

pth

7 S arm/T1b/gccTib/arm-thumb-c]
R ub]cwuy T8 ki nary Modedt: tmap. 17 MoHa3D tmas. 2
ear'm] "o Hode35t tmap. gha(binary)

[a:/ham/gcc-arm/bi n/arm-thumb
a:/ham/gec-arm/bin/arm-thumb—
Sopy From odedgttmap. e (el 327
at/ham/to0]s/win32 /rm 2
B Rt S/ 2 hat 1. tve " Mode3nitmap. gba
ROM Fixed!
a:/ham/tools/wind2/vba. exe  Mod

B

7732, 2/mormal —L g:/han/gce-arm arm-thumb-e17/T1b/marmal -L g:

fan/ace-arm 2]

[Ln1, col0 [Selen: 0 s |

5

#
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$ DBISEEES - -

*

unsi gned short* FrontBuffer = (unsigned short*)0x6000000;
unsi gned short* BackBuffer = (unsigned short*)0x600A000;

#def i ne BACKBUFFER 0x10

; 0
voi d FlipPage(voi d)
{
i f (REG_DI SPCNT & BACKBUFFER)
{
REG DI SPCNT &= ~BACKBUFFER;
vi deoBuf fer = BackBuffer;
}
el se
{
REG DI SPCNT | = BACKBUFFER,
vi deoBuffer = FrontBuffer;
}
}
) 4 "3 8
6H< 4 Ja J6 $HA "3
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NNy

/1 Programm ng The Gane Boy Advance

/1 Chapter 5: Bitmap-Based Video Mddes

/1 ModedFlip Project

/1 main.c source code file
NN NN

#defi ne MULTIBOOT int _ gba mnultiboot;
MULTI BOOT

/1 add support for the rand function
#i nclude <stdlib. h>

#i ncl ude <string. h>

/1 decl are the function prototype

voi d DrawPi xel 4(int, int, unsigned char);

void DrawBox4(int, int, int, int, unsigned char);
voi d FlipPage(void);

voi d Wait VBl ank(void);

//decl are sone defines for the video node
#def i ne REG_DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_4 0x4

#def i ne B&_ENABLE 0x400

// changes the video node

#def i ne Set Mbde(nopde) REG DI SPCNT = (nopde)

/I packs three values into a 15-bit col or

#define RGB(r,g,b) (unsigned short) ((r)+((g)<<5)+((b)<<10))

//video buffer defines
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#def i ne BACKBUFFER 0x10

unsi gned short* FrontBuffer = (unsigned short*)0x6000000;
unsi gned short* BackBuffer = (unsigned short*)0x600A000;
unsi gned short* vi deoBuffer;

unsi gned short* pal etteMem = (unsi gned short*)0x5000000;

vol atil e unsi gned short* ScanlineCounter =

(vol atil e unsigned short*)0x4000006;

N NN NN NN
/1 Function: main()

/1 Entry point for the program

N N NN NN
i nt mai n(voi d)

{

int n;

//set video node and start page flipping
Set Mode( MODE_4 | BG2_ENABLE) ;
Fl i pPage();

//set the first two palette entries
pal etteMem = RGB(0, 31, 0);
pal etteMem = RGB(31, 0, 0);

//draw the first random box

Dr awBox4(20, 20, 100, 140, 1);

/1flip the page to the back buffer
Fl i pPage();

//draw t he second random box

Dr awBox4( 140, 20, 220, 140, 2);
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whi | e(1)
{

//wait for vertical blank

Wai t VBl ank() ;

[1flip the page
Fl i pPage();

//slow it down--nodify as needed
n = 500000;
while(n--);

return O;

NN NN
/1 Function: DrawPixel 4

/1 Draws a pixel in node 4

N NN NN

voi d DrawPi xel 4(int x, int y, unsigned char color)

{
unsi gned short pixel;
unsi gned short offset = (y * 240 + x) >> 1;
pi xel = videoBuffer[offset];
if (x &1)
vi deoBuffer[offset] = (color << 8) + (pixel & O0xO0FF);
el se
vi deoBuffer[of fset] = (pixel & OxFF00) + color;
}

NNy
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/1 Function: DrawBox4

/!l Draws a filled box
LEEETEEE bbb bbb rrrrrriirg
void DrawBox4(int left, int top, int right, int bottom

unsi gned char col or)

{
int x, vy;
for(y = top; y < bottom y++)
for(x = left; x <right; x++)
Dr awPi xel 4(x, y, color);
}

NN NN
/1 Function: FlipPage

/1 Switches between the front and back buffers
NN NN
voi d FlipPage(void)

{
i f (REG_DI SPCNT & BACKBUFFER)
{
REG DI SPCNT &= ~BACKBUFFER;
vi deoBuf fer = BackBuffer;
}
el se
{
REG DI SPCNT | = BACKBUFFER;
vi deoBuf fer = FrontBuffer;
}
}

[HETETET i rrririririririrly
/1 Function: Wit VBl ank
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/1 Checks the scanline counter for the vertical

bl ank peri od

FEEEEErrrr i rrrr

voi d Wai t VBl ank(voi d)
{

whi | e(*Scanl i neCounter < 160);

PE Visual HAM
W Fle Edr Foma: View Projest Advance

External Tonls  Window  Help

3 # Y&

SSEIES|
SETE

R ECREEE

= {1 HAM Vorkspace
=23 Source Files

8 ginclude <stdlib.b>
10 ginelude <string.k>

11

12 /rdeclare the function prototype

15 void FlipPage(void):
16 void WaitVBlank (void) s
17

20 gdefine MODE_4 Oxd
21 gdefine D62z ENABLE 0x400
22

23 srchanges the video mode

25
28

29 //video buffer defines
30 gdefine BACKBUFFER 0x10

33 unsigned short® wideoBuffe:

Files | Auta Complete

24 gdefine SetMode (uode] REG_DISPCHT =

L SIIILITA AT ST IS P AT ST AE ST SIS IS FIPAE ST A AT SIS
2 /7 Programming The Geme Boy Advance

@ 3 /7 Chapter §: Bitmap-Based Video Modes
Jane 4 /7 ModedFlip Broject
@ HeaerFiles 5 // main.c source code file
B SLITSLILETEEIS IS ELES LIS LTSI RIS ELF S FITSLITAT A RIS IS S
o
8 /radd support for the ramd function

13 void DrawPixeld{int, int, unsigned char|;
14 void DrawBox4(int, int, int, int, unsigmed char):

18 //declare some defines for the video mode
19 gdefine REG_DISPCNT *(unsigned long®)0x4000000

(mode)

26 //packs three values imto a 15-bit color
27 $define RBB(r,o.b) (wnsigned short) | (ch+{(g)<<5]+((b)<<10))

31 unsigned short® FrontBuffer = [unsigned short*)0x8000000;
32 unsigned short® BackBuffer = [unsigmed shert?]Dx600A000;

34 unsigned short® paletteMem = [unsigned short®]0x5000000;
36 /fdeclare scanline counter for verticel blank

37 volatile unsigned shorth ScanlineCounter =
38 ivolatile wsigned shorc]0x4000006;

¥ oyAdvance-106% i

il

@t /ham/gcc-arm/bi n/arm-th
q:/ham/gec ~arm/bi n/ arm- thumb-
Coby from Mode3Boxes. e1£(e1f3

amftoo] s/win32/rm —F 5.0 .1 Fo3d
am/too] s /win33/gbafix. exe  MadeIBoxes. gba

i

ixed!
bl :I/ham/mm s/win3z/vba.exe  Mod
4

F-Td.exe  -L gi/ham/gcc-arm/19b/gcc-11b/arm-thurb-eTf/3. 2. 2/normal -L gt/ham/gcc-arm/arm-thumb-elT/ 11 /mormal L g:/ham/gce-arm, 2]
—objcopy.exe  -u -0 hinary Mode3Baxes.elf ModeIBoxes.gha
Tittlearm) to Mode3Goxes.gbaCbinary)

E

[tn22, Col 0 [ SelLen: 0 [1ns |

Working with Mode 5

4 #

B 9BA=

¥

Drawing Pixels
4 #

voi d DrawPi xel 5(int x,

int vy,
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Testing Mode 5
4 # ! (
@ 4 4" HiL# -
oBs 9BA H #
| C +
# ( 0BS IRA C
& ! #L
L @ =) 4  #. *

NN NN
/1 Programmng The Ganme Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Modes

/1 Mode5Pi xel s Proj ect

// main.c source code file

NNy

/1 add support for the rand function

#i ncl ude <stdlib. h>

//decl are the function prototype

voi d DrawPi xel 5(int, int, unsigned short);

//decl are sone defines for the video node
#def i ne REG DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_5 0x5

#def i ne B&G2_ENABLE 0x400

// changes the video node

#def i ne Set Mbde(nopde) REG DI SPCNT = (nobde)
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// packs three values into a 15-bit col or

#define RGB(r,g,b) ((r)+(g<<b)+(b<<10))

//create a pointer to the video buffer

unsi gned short* vi deoBuffer = (unsigned short*)0x6000000;

NN NN
/1 Function: main()

/1 Entry point for the program
NN NN NN

i nt mai n(voi d)

{
int x, vy;
unsi gned short col or;
Set Mode( MODE_5 | BG2_ENABLE);
whi | e(1)
{
//randoni ze the pixel
x = rand() % 160;
y = rand() % 128;
color = RGB(rand() %81, rand()%31, rand()%31);
Dr awPi xel 5(x, y, color);
}
return O;
}

NN NN
/1 Function: DrawPixel5

/1 Draws a pixel in node 5

N NN RN

voi d DrawPi xel 5(int x, int y, unsigned short c)
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4 # 3

== x|
Advanced  External Tools  Window  Help =181 x|
[ = - =R - =R e
-0 HAN Workpace 24 1=l
523 Source Files 25 s/create a pointer to the video buffer ualBoyAdvance
i 26 unsigmed short® videoBuffsr - [unsigued short®]Ox6000000; Fle ptions Cheats Tooks Help
27 ;
&9 Header Files 2B LI LI AL TL AT A LI AT IA LT AT LT L LS AT LTI TSR IL AT A1 IA AT
23 // Fanction: main()
30 // Entry point for the program
BL /P01 EEI PO PP L P PO OIS PSS
32 int main(void)
33 (
32 antw, v
35 unsigned shert color;
38
37 Setlode(MODE_S | BGZ_EWABLE):
38
33 whilerl)
40
41 /randonize the pirel
42 ® = rand{) % leo,
43 ¥ - ramd() % 128
41 color - RGB(ramd()%31, rand(]%31, rand(]%31]:
as
45 DrawpixelS(x, ¥, coler]:
a7
48
45 revurn 0;
503
51
2 /PSR F ISP PSSO T SO SR SRS PR SRS 00
53 s/ Function: Drawbizeld
54/ Draws a pinel in mode §
e e e o
56 woid DravPixelS{int x, int y, wnsigned short c)
57 ¢
55 videoBuffer[y * 160 +x] = o;
59 3
&0
61 -
B o
3 7ham/acc-arm b Jarm-thurb-e T¥-Td exe -1 g3 /ham/ace-arm/T1h/gce-T1b/armthab—c /3. 2. 2 /marmal ~L o3 /ham/acc-arm/arm—thumb-e 77T Tb/normal —U a:/ham/gec-arm =]
q:/ham/gcc-arm/bin/arm-thurb-e | f-objcopy. xe -y -0 binary ModesPixels.elf Wodespixels.gba
Copy from ModeSPixels.elf(21f32-11ttlzarm) to ModesPixels. gba(binary)
g:/hamstools/win32/rm —f <o =03 %44
g:i/han/tools/win32/gbafix.exe  ModeSPixels.gba
ROM Fixed!
G:I/ham/t\:\ﬂi/w\ n3iz/vba.exe  Mod . s
1 v

[Lné1, Colo [ SelLen: o s |

st 1) @ N 2% @ W

|| Bystesmsoure. GBa-05jh doc...| M Jasc paint sh... | CyDHMes | e visual am 2 |

(ST EIALTESR 2msan
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void Print(int left, int top, char *str, unsigned short col or)

{
int pos = 0;
while (*str)
{
DrawChar (l eft + pos, top, *str++, color);
pos += 8;
}
}

void DrawChar(int left, int top, char letter, unsigned short col or)

{
int x, vy;
int draw
for(y = 0; y < 8 y++)
for (x = 0; X < 8; x++)
{
/1 grab a pixel fromthe font char
draw = font[(letter-32) * 64 +y * 8 + X];
/1l if pixel =1, then draw it
if (draw)
DrawPi xel 3(l eft + x, top + vy, color);
}
}

The Hard-Coded Font
5 -
6H< 4 +
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#i fndef _FONT_H
#define FONT_H

#define W1

unsi gned short font[] =

{

/'l (space) 32
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,

/11 33
0,0,WWO0,0,0,0,
0,0,WWO,0,0,0,
0,0,WWO0,0,0,0,
0,0,WWO0,0,0,0,
0,0,WWO,0,0,0,
0,0,0,0,0,0,0,0,
0,0,WWO,0,0,0,
0,0,WWO0,0,0,0,

/" 34
0,0,0,0,0,0,0,0,
0, WWO0,WWQ, 0,
0, WWO0,WWOQ, 0,
0,0,W0,0,WO0,0,
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0,0,W0,0,W0,O0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
/1 # 35
0,0,0,0,0,0,0,0,
0,0,W0,0,WO0,O0,
0, WWWWWWUO,
0,0,W0,0,WO0,O0,
0,0,W0,0,W0,O0,
0, WWWWWWO,
0,0,W0,0,W0,O0,
0,0,0,0,0,0,0,0,
Il $ 36
0,0,0,wo0,0,0,0,
0,0, WWWWO, O,
0,WO0,wo,0,0,O0,
0,0,WWWQO,O0,O0,
0,0,0,W0,WQ0,O0,
0, WWWWQO, 0,0,
0,0,0,wo0,0,0,0,
0,0,0,0,0,0,0,0,
Il % 37
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0, WWO0,0,wWO0,O0,
0,WWO0,WOo,o0,O0,
0,0,0,w0,0,0,0,
0,0,W0,WWQO, O,
0,W0,0,WWO, 0,
0,0,0,0,0,0,0,0,
/1 & 38
0,0,0,0,0,0,0,0,
0,0, WWWO,O0,O0,

Programming The Nintendo Game Boy Advance: The Unofficial Guide
Copyright (¢)2003 by Jonathan S. Harbour -- http://mww.jhar bour.com



0,W0,0,0, WO, 0,
0,0, WWWO, 0, 0,
0, W0, WO, 0, 0,0,
0, W0, 0, WO, WO,
0,0, WWW WO, 0,
0,0,0,0,0,0, WO,
T
0,0,0, WWO, 0, 0,
0,0,0, WWO, 0, 0,
0,0,0,0, WO, 0,0,
0,0,0,0, WO, 0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
Il ( 40
0,0,0,0,0,0, WO,
0,0,0,0,0, WO, 0,
0,0,0,0,0, WO, 0,
0,0,0,0,0, WO, 0,
0,0,0,0,0, WO, 0,
0,0,0,0,0, WO, 0,
0,0,0,0,0,WO0,0,
0,0,0,0,0,0, WO,
/1) 41
0,W0,0,0,0,0,0,
0,0,W0,0,0,0,0,
0,0,W0,0,0,0,0,
0,0,W0,0,0,0,0,
0,0,W0,0,0,0,0,
0,0,W0,0,0,0,0,
0,0,W0,0,0,0,0,
0,W0,0,0,0,0,0,
Il * 42
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0,0,0,0,0,0,0,0,
0,0,0,wWO0,0,0,O0,
0,WO0,WO0,wWo,o0,
0,0,WWWQO, 0,0,
0,0, WWWO, 0,0,
0,0,WWWQO, 0,0,
0,W0,0,0,WO0,O0,
0,0,0,0,0,0,0,0,
/Il + 43
0,0,0,0,0,0,0,0,
0,0,0,WWQO,Q0,O0,
0,0,0,WWO, 0,0,
0, WWWWWW O,
0, WWWWWWO,
0,0,0,WWQ0,Q0,O0,
0,0,0,WWO0, 0,0,
0,0,0,0,0,0,0,0,
/1, 44
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,W0,0,0,0,
0,0,WWQO,Q0,Q0,Do,
0,0,w0,0,0,0,0,
/1 - 45
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0, WWWWWW O,
0, WWWWWWO,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
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0,0,0,0,0,0,0,0,
/1 . 46
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,Wwo,0,0,0,
0,0,WWO0,0,0,0,
0,0,0,0,0,0,0,0,
111 47
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,WQO,
0,0,0,0,0,WWQ0,
0,0,0,0,WWO,O0,
0,0,0,WWO,0,O0,
0,0,WWO0,0,0,0,
0,wwo,0,0,0,0,
0,wo0,0,0,0,0,0,
/1 0 48
0,0, WWWWO, O,
0,Wwo,0,0,wo0,
0, WWO0,0, WWO,
0, WWO0,WO0, WO,
0, WWWO, 0, WO,
0,Wwo,0,0,wo0,
0,Wwo,0,0,WO0,
0,0, WWWWO, O,
/1 1 49
0,0,0,0,W0,0,0,
0,0, WWWO,O0,O0,
0,0,0,WWO,0,O0,
0,0,0,WWO,0,O0,
0,0,0,WWO,0,O0,
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0,0,0,WWO, 0,0,

0,0,0,WWO,O0,O0,

0,0, WWWWQ, 0,
/1 2 50
, 0, WWWWO, 0,
, WWWWWWQ,
,WO0,0,0,0, WO,
,0,0,0,0,WWO,
,0,0,0,WWO, O,
,0,0,WWO, 0,0,
,0,WWO,0,0,0,
, WWWWWWO,
/1 3 51

0,0, WWWWQ, 0,

0, WWWWWWO,

0,wWo0,0,0,0,WO0,
,0,0,0,0,0,WO,
, 0,0, WWWO, 0,
,0,0,0,0,0,WO,
,WO0,0,0,0,WO,
, 0, WWWWO, 0,
Il 4 52
,0,0,0,WWO,
, 0,0, WWWO,
,0,WWO, WO,
, WWO, 0, WO,
, WWWWWO,
,0,0,0,WWO,
,0,0,0,WWO,
,0,0,0,WWO,
/1 5 53

0, WWWWWWO,

0, WWWWWWO,

0,WWQo,0,0,0,0,

o O O O o o o o

o O O O o

O O O 0o o o o o
R L N
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0,Wwo,0,0,0,0,

0,0, WWWWO, O,

0,0,0,0,0,0,WO0,

0,W0,0,0,0,WO0,

0,0, WWWWQ, 0,
/1 6 54
, 0,0, WWWWQ,
, 0, WWWWWO,
,WWQO, 0,0, 0,0,
,WWQ0,0,0,0,0,
, WWWWWO, 0,
, WWO0, 0,0,WO0,
, WWO0, 0,0,Wo0,
, 0, WWWWO, 0,
/1 7 55
, WWWWWWO,
, WWWWWWO,
, W0, 0,0, WWO,
,0,0,0,WWO, O,
,0,0,0,WWO,
,0,0,WWO, 0,
,0,0,WWQO, 0,
,0,WWQO, 0,0,
/1 8 56
, 0, WWWWO, 0,
, WWWWWWO,
, WWO0, 0,0,Wo0,
,0,WO0,0,0,WO,
, 0, WWWWO, 0,
, WWO0, 0,0,Wo0,
, WWO0, 0,0,Wo0,
, 0, WWWWO, 0,
/1 9 57

0,0, WWWWO, O,

0
0
0
0
0
0
0
0

o O O O o o o o

0
0
0
0
0
0
0
0
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0, WWWWWWO,
0, WWO0, 0,0, WO,
0, WWO0, 0,0, WO,
0,0, WWWWWO,
0,0,0,0,0, WWO,
0,0,0,0,0,WWO,
0,0,0,0,0,WWO,
/1 . 58
0,0,0,0,0,0,0,0,
0,0,WWO,0,0,0,
0,0,WWO0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,WWO,0,0,0,
0,0,WWO0,0,0,0,
0,0,0,0,0,0,0,0,
/1 ; 59
0,0,WWO,0,0,0,
0,0,WWO0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
0,0,WWO,0,0,0,
0,0,WWO0,0,0,0,
0,WWDO0,0,0,0,0,
0,WWO0,0,0,0,0,
/1l < 60
0,0,0,0,WWO,O0,
0,0,0,WWO,O0,O0,
0,0,WWO0,0,0,0,
0,WWO0,0,0,0,0,
0,WWO0,0,0,0,0,
0,0,WWO,0,0,0,
0,0,0,WWO,0,O0,
0,0,0,0,WWO,O0,
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/1l =61
0,0,0,0,0,0,0,0,
0, WWWWWO, O,
0, WWWWWO, O,
0,0,0,0,0,0,0,0,
0, WWWWWO, 0,
0, WWWWWO, 0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,0,
/1 > 62
0,WWQo,0,0,0,0,
0,0,WWO0,0,0,O0,
0,0,0,WWO,O0,0O0,
0,0,0,0,WWO,O0,
0,0,0,0,WWQO,O,
0,0,0,WWQ0,0,O0,
0,0,WWO0,0,O0,0O0,
0,WWwWo,0,0,0,0,
/1 ? 63
0,0, WWWWO, O,
0, WWWWWWO,
0,Wo0,0,0,WWQO,
0,0,0,0,WWQO,O,
0,0,0,WWQ0,0,O0,
0,0,0,0,0,0,0,0,
0,0,0,WWQ0,0,O0,
0,0,0,WWO,O0,0O0,
/Il @64
0,0,0,0,0,0,0,0,
0,0,WWWQO,O0,O0,
0,W0,0,0,WO0,O0,
0, W0, WWQ0,O0,O0,
0,WO0,WWO,O0,O0,
0,W0,0,0,0,WO0,
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0,0, WWWWO, O,

0,0,0,0,0,0,0,0,
Il A 65
, 0, WWWQO, 0,
, WWWWWO,
, WWO0, 0, WO,
, WWO0, 0, WO,
, WWWWWO,
, WWWWWO,
, WWO0, 0, WO,
, WWQ0, 0, WO,
Il B 66
, WWWWWO, 0,
, WWWWWWO,
, WWO0, 0, WWO,
, WWO0, 0,WO0, 0,
, WWWWWO, 0,
, WWO0, 0, WWO,
, WWO0, 0, WWO,
, WWWWWO, 0,
/1 C 67
, 0, WWWWQO, 0,
, WWWWWWO,
, WWO0,0,0,WO,
,WWQO, 0,0, 0,0,
,WWO0,o0,0,0,0,
,WWQO, 0,0, 0,0,
, WWO0, 0,0, WO,
, 0, WWWWO, 0,
/1 D 68

0, WWWWWO, O,

0, WWWWWWO,

0,WWOo0,0,0,WO0,

0,WWOo0,0,0,WO0,

O O 0O 0o o o o o
o 0 0 o0 0 o0 o0 9°

o O O O O o o o

0
0
0
0
0
0
0
0
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0,Wwo,0,0,wo0,
0,WWwWo,0,0,WO0,
0,Wwo,0,0,wo0,
0, WWWWWO, O,

/1 E 69
, WWWWWWO,
, WWWWWWO,
,WWQ0,O0,0,0,0,
,WWO0,O0,0,0,0,
, WWWWO, 0, 0,
,WWO0,O0,0,0,0,
,WWQ0,O0,0,0,0,
, WWWWWWO,

/1 F 70
, WWWWWWO,
, WWWWWWO,
,WWO0,O0,0,0,0,
,WWO0,0,0,0,0
, WWWWQO, 0,0
,WWQ0,O0,0,0,0,
0,0
0,0

o O O O o o o o

, WWO, 0, 0,

, WWQ, 0,0,

Il G71

, 0, WWWWO, 0,

, WWWWWWQ,

, WWQ0, 0,0, WO,

,WWQO, 0,0, 0,0,

, WWO0, WWWO,

, WWO0, 0,0,Wo0,

, WWO0, 0,0,Wo0,

, 0, WWWWO, 0,

/11 H72
0,WWOo0,0,0,WO0,
0,WWOo0,0,0,WO0,

o O O O O o o o

0
0
0
0
0
0
0
0
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, WWQO, 0,0, WO,
, WWO0, 0,0,WO0,
, WWWWWWO,
, WWO0, 0,0,WO0,
, WWQO, 0,0, WO,
, WWO0, 0,0,WO0,
111 73

o O O O o o

, WWWWO,
, WWWWO,
, 0, WWO, 0,
, 0, WWQO, 0,
, 0, WWO, 0,
, 0, WWQO, 0,
, 0, WWO, 0,

0
0
0
0
0
0
0
0, WWWWO,

e 00 2 0 o0 9
e 0 0 0 0 0 o e

11 J 74
, WWO,
, WWO,
, WWO,
, WWO,
, WWO,
,WO0,0, WWO,
, WWWWWO,
0,0, WWWQO, 0,
[l K75
, WWO, 0,0, WO,
, WWO0, 0, WWO,
, WWO0, WWO, 0,
, WWWWO, 0,0,
, WWWWO, 0, 0,
, WWO0, WWO, 0,
, WWO0, 0, WWO,
, WWO, 0,0, WO,
/1 L 76

0,0
0,0
0, 0,
0,0
0,0

© © o o0 o o o
o o o o o

o O O O o o o o
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, WWO, 0
, WWQO, 0
, WWO, 0
, WWQO, 0
, WWO, 0,
, WWQO, 0
, WWO, 0

W

O O O O o o o o
R N N

0,0
0,0
0,0
0,0
0,0,
0,0
0,0
Ww

[ M77

, WWO0, 0,0,WO0,
, WWO0, 0,0,Wo0,
, WWWO0, WWO,
, WWWWWWO,
, WWO0, W0, WO,
, WWO0, 0,0,Wo0,
, WWQ0, 0,0,W0,
, WWO0, 0,0, WO,
/1 N 78

, WWO0, 0,0,Wo0,
, WWO0, 0,0,Wo0,
, WWWO0, 0, WO,
, WWWWO, WO,
, WWO0, WWWQ,
, WWO0, 0, WWO,
, WWO0, 0,0,Wo0,
, WWQ0, 0,0, WO,
/1 O79

0,0, WWWWQ, 0,
0, WWWWWWO,
0,WWwWo0,0,0,Wo0,
0,WWOo0,0,0,WO0,
0
0
0

o O O O o o o o

o O O O O o o o

, WWO0, 0,0,WO0,
, WWO, 0,0, WO,
, WWO, 0,0, WO,
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0,0, WWWWDO, O,
/I P 80
 WWWWWO, 0,
y WWWWWWO,
,WWO0, 0,0, WO,
,WWO0, 0,0, WO,
y WWWWWO, 0,
,WWO0, 0,0, 0,0,
,WWO0,0,0,0,0,
,WWO0, 0,0, 0,0,
Il Q81
, 0, WWWWO, 0,
y WWWWWWO,
,WWO0, 0,0, WO,
,WWO0, 0,0, WO,
,WWO0, 0,0, WO,
, WWO, 0, WWO,
,WWO0, 0,0, WO,
, 0, WWWWO, W
/I R 82
y WWWWWO, 0,
 WWWWWW O,
,WWO0, 0,0, WO,
, WWO, 0,0, W0,
y WWO, 0,WO0, 0,
, WWWWO, 0, 0,
, WWO0, WWO, 0,
, WWO0, 0, WWO,
/'S 83

0,0, WWWWO, O,

0, WWWWWWO,

0, WWO0,0,0, WO,

0,WWO0,0,0,0,0,

0,0, WWWWO, O,

o O O O o o o o

0
0
0
0
0
0
0
0

o O O O O o o o
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0,0,0,0,0,0,WQO,

0,W0,0,0,0,WO0,

0,0, WWWWO, O,
[l T 84
, WWWWWWO,
, WWWWWWO,
0,0,WWO,O0,O0,
,WWO0,0,0
,WWO0,0,0
, WWO, 0,0,
,WWQ0,0,0
,WWO0,0,0

© o920 o0 o2 9o 9o 9o

0
0
0,
0
0

o O O O o

/1 U 85
, WWO,
, WWO,
, WWO,
, WWO,
, WWO,
, WWO, , WO,
, WWO, , WO,
, 0, WWWWO, 0,
/1 V 86
, WWQ0, 0,0,WO0,
, WWQO, 0,0, WO,
, WWQ0, 0,0,WO0,
, WWQ0, 0,0, WO,
, 0, WWO0, WO, 0,
, 0, WWO0,Wo, 0,
, 0, WWO0, WO, 0,
,0,0,WWO,0,0,
/1 W87
0,WwWo0,0,0,0,W
0,WwWOo,0,0,0,W
0,WwWo,0,0,0,W

, WO,
, WO,
WO,
, WO,
, WO,

R S R
O ©o o o o o o

0
0
0
0
0
0
0
0

o O O O O o o o
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0, WWO0,0,0,0, W
0, WWO0,WWO0, W
0,0, WWO, 0, WO,
0,0, WWO, 0, WO,
0,0, WWO, 0, WO,

Il X 88

,WWO, 0,0, WO,

,WWO, 0,0, WO,

, 0, WWO0,Wo, o0,

,0,0,WWO, 0,0,

,0,0,WWO, 0,0,

, 0, WWO0, WO, 0,

,WWO, 0,0, WO,

,WWO, 0,0, WO,

Il'Y 89

, WWO, 0,0, W0,

, WWO0, 0,0,WO0,

,WWO, 0,0, WO,

, 0, WWWWO, 0,

,0,0,WWO, 0,0,

,0,0,WWO, 0,0,

,0,0,WWO, 0,0,

,0,0,WWO, 0,0,

Il Z 90

 WWWWWWO,

 WWWWWW DO,

,0,0,0,0, WWO,

,0,0,0, WWO, 0,

,0,0,WWO, 0,0,

,0,WWO0,0,0,0,

,WW0,0,0,0,0,

 WWWWWWO,

Il 91
0,0,0,0, WW WO,

o O O O o o o o o O O O O o o o

O O O O O o o o
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0,0,0,0,WWO, O,
0,0,0,0,WWQO, 0,
0,0,0,0,WWO, O,
0,0,0,0,WWQO, 0,
0,0,0,0,WWO, O,
0,0,0,0,WWQO, 0,
0,0,0,0,WWWO,
1\ 92
0,WWQo,o0,0,0o0,Do,
0,WWDO0,0,0,0,0,
0,0,WWQO,Q0,Q0,Do,
0,0,WWO,0,0,0,
0,0,0,WWQ0,Q0,O0,
0,0,0,WWO,0,O0,
0,0,0,0,WWQO, O,
0,0,0,0,WWO, O,
/1] 93
0, WWWO,O0,0,O0,
0,WWWQo,o0,o0,o0,
0,0,0,W0,0,0,0,
0,0,0,wO0,0,0,O0,
0,0,0,W0,0,0,0,
0,0,0,wWO0,0,0,O0,
0,0,0,W0,0,0,0,
0,WWWQo,o0,o0,o0,
b
#endi f

The DrawText Program
H !

Programming The Nintendo Game Boy Advance: The Unofficial Guide
Copyright (¢)2003 by Jonathan S. Harbour -- http://mww.jhar bour.com



NNy
/1 Programm ng The Gane Boy Advance

/1 Chapter 5: Bitmap-Based Vi deo Mddes

/1 DrawText Project

/1 main.c source code file

NNy

#defi ne MULTIBOOT int _ gba nultiboot;
MULTI BOOT

#i ncl ude "font. h"

[/ decl are some function prototypes
voi d DrawPi xel 3(int, int, unsigned short);
void DrawChar (int, int, char, unsigned short);

void Print(int, int, char *, unsigned short);

[/ create some col or constants
#define WH TE OxFFFF

#defi ne RED OxO0FF

#defi ne BLUE OxEEOO

#defi ne CYAN OxFFOO

#defi ne GREEN OxOEEO

#defi ne MAGENTA OxFOOF

#defi ne BROAN 0xODOD

//define sone video node val ues

#def i ne REG DI SPCNT *(unsi gned | ong*) 0x4000000
#defi ne MODE_3 0x3

#def i ne B&2_ENABLE 0x400

//create a pointer to the video buffer
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unsi gned short* videoBuffer = (unsigned short*)0x6000000;

NNy
/1 Function: main()
/1 Entry point for the program
NNy
int main()
{

char *test = "TESTING ..1...2...3..."

int pos = 0;

//switch to video node 3 (240x160 16-bit)
REG DI SPCNT = (MODE_3 | BG2_ENABLE);

Print(1, 1, "DRAWEXT PROGRAM', RED);

Print(1, 20, "()*+, -.0123456789: ; <=>?@, GREEN);
Print(1, 30, "ABCDEFGHI JKLMNOPQRSTUWKYZ[/]", BLUE);
Print(1, 50, "Bl TMAP FONTS ARE A CINCH ", MAGENTA);
Print(1, 60, "(JUST BE SURE TO USE CAPS)", CYAN);

/1 display each character in a different color
while (*test)
{
DrawChar (1 + pos, 80, *test++, OxBB + pos * 16);

pos += 8§;

Print(1, 100, "THAT'S ALL, FOLKS =]", BROWN);

[/ continuous | oop
whi | e(1)

{

}
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return O;

NNy
/1 Function: DrawPixel3

/1 Draws a pixel in node 3
NNy
voi d DrawPi xel 3(int x, int y, unsigned short col or)

{

vi deoBuffer[y * 240 + x] = color;

NNy
/1 Function: Print

/1 Prints a string using the hard-coded font
NNy

void Print(int left, int top, char *str, unsigned short col or)

{
int pos = 0;
while (*str)
{
DrawChar (l eft + pos, top, *str++, color);
pos += 8§;
}
}

NNy
/1 Function: DrawChar
/1 Draws a character one pixel at a tinme
NNy
void DrawChar(int left, int top, char letter, unsigned short col or)
{

int x, vy;

i nt draw,
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for(y = 0; y < 8; y++)
for (x = 0; x < 8; x++)
{
/1 grab a pixel fromthe font char
draw = font[(letter-32) * 64 +y * 8 + X];
/[l if pixel =1, then draw it
if (draw)
DrawPi xel 3(left + x, top + vy, color);

}
}
H 3 # %
| *
.oq
()%
Summary
0 (
Lo #
A o
) -
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Challenges

$ 14 #
! +
- 5
#
$ o/ 4
4 H !
$ 1/ 5 =
!
+ (
@+
Chapter Quiz
0 C
0 C % 0
0 C
% , 2
$ ESSBESS
$ DBIFEESS
6 $ BEHHESS
HS$ "CBA$S
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H4 |
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$ BSSEESS
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H$ B $5$
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1

6) -
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