Computer Organization and
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Final Project—PONG game in GBA
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Video

® 240x160 pixel, 15bit color LCD screen. The original GBA screen was not
backlit, but the SP's and Micro's are.

® 3 bitmap modes and 3 tilemap modes and sprites.

4 individual tilemap layers (backgrounds) and 128 sprites (objects).

® Affine transformations (rotate/scale/shear) on 2 backgrounds and 32
objects.

® Special graphic effects: mosaic, additive blend, fade to white/black.

Sound

® 6 channels total
® 4 tone generators from the original GameBoy: 2 square wave, 1 general
wave and one noise generator.

® 2 'DirectSound' channels for playing samples and music.
Miscellaneous

® 10 buttons (or keys): 4-way directional pad, Select/Start, fire buttons A/B,
shoulder buttons L/R.

® 14 hardware interrupts.

4-player multiplayer mode via a multiboot cable.

® Optional infrared, solar and gyroscopic interfaces. Other interfaces have
also been made by some.

® Main programming platforms: C/C++ and assembly, though there are

tools for Pascal, Forth, LUA and others as well. Easy to start with, yet hard

to truly master.

Memory Sections



This section lists the various memory areas. It's basically a summary of the
GBATek section on memory.

area start end length port-size description
BIOS memory. You can
System ) ) )
ROM 0000:0000h |0000:3FFF |16kb 32 bit execute it, but not read it

(i.0.w, touch, don't look).

External work RAM. Is
available for your code
and data. If you're using a
multiboot cable, this is
where the downloaded

EWRAM (0200:0000h |0203:FFFF |256kb |16 bit code goes and execution
starts (normally execution
starts at ROM). Due to the
16bit port, you want this
section's code to be
THUMB code.

This is also available for
code and data. The 32-bit
bus and the fact that it's
embedded in the CPU
IWRAM (0300:0000h 0300:7FFFF 32kb |32bit | ke this the fastest
memory section. The 32bit
bus means that ARM
instructions can be loaded
at once, so put your ARM

code here.

Memory-mapped 10
registers. These have
nothing to do with the
CPU registers you use in
10 RAM 0400:0000h 0401:03FF |1kb 16 bit assembly so the name can
be a bit confusing. Don't
blame me for that. This
section is where you

control graphics, sound,



PAL _
0500:0000h 0500:03FFh |1kb |16 bit

VRAM 0600:0000h 0601:7FFFF 96kb 16 bit

OAM (0700:0000h 0700:03FFh |1kb 32 bit

PAK
0800:0000h |var var 16 bit

Cart )
0e00:0000h |var var 8 bit

buttons and other
features.

Memory for two palettes
containing 256 entries of
15-bit colors each. The
first is for backgrounds,
the second for sprites.

Video RAM. This is where
the data used for
backgrounds and sprites
are stored. The
interpretation of this data
depends on a number of
things, including video
mode and background and

sprite settings.

Object Attribute Memory.
This is where you control
the sprites.

Game Pak ROM. This is
where the game is located
and execution starts,
except when you're
running from a multiboot
cable. The size is variable,
but the limit is 32 MB. It's
a 16bit bus, so THUMB
code is preferable over
ARM code here.

This is where saved data is
stored. Cart RAM can be in
the form of SRAM, Flash
ROM or EEPROM.
Programmatically they all
do the same thing: store

data. The total size is



variable, but 64kb is a
good indication.

') FE¥R[4 1 http://www.coranac.com/tonc/text/hardware.htm
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subject| length cycles

pixel 1 4
40 o5
Tarline * HDraw |240px 960
160 I 'y HBlank 68px 272
scanline |Hdraw+Hbl (1232
'SSI wblank E VDraw |160*scanline 197120

VBlank 68*scanline 83776
refresh VDraw+Vbl 280896

Fig 4.1: vdraw, vblank and
hblank periods.
Table 4.1: Display timing
details
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Display registers: REG_DISPCNT, REG_DISPSTAT and REG_VCOUNT
REG_DISPCNT @ 0400 :0000h

F |[E |D |C B A 9 8 7 |6 |5 (4 |3 |2 10

OW |[W1 |WO |Obj |BG3 |BG2 |[BG1l |[BGO |FB |OM |HB |PS [GB |Mode

bits name define description
02 Mod DCNT _MODEXx. Sets video mode. 0, 1, 2 are tiled modes; 3, 4, 5 are
- ode
DCNT MODE# bitmap modes.

3 GB DCNT _GB Is set if cartridge is a GBC game. Read-only.

Page select. Modes 4 and 5 can use page flipping
for smoother animation. This bit selects the

4 PS DCNT_PAGE . .
displayed page (and allowing the other one to be
drawn on without artifacts).

Allows access to OAM in an HBlank. OAM is

5 HB DCNT_OAM_HBL  normally locked in VDraw. Will reduce the
amount of sprite pixels rendered per line.

Object mapping mode. Tile memory can be seen as

a 32x32 matrix of tiles. When sprites are composed

of multiple tiles high, this bit tells whether the next
f tiles 1i h th i '

6 OM DCNT OBJ_ 1D row of tiles lies béneat the pfewous, n
correspondence with the matrix structure (2D
mapping, OM=0), or right next to it, so that memory
1s arranged as an array of sprites (1D mapping
OM=1). More on this in the sprite chapter.

7 FB DCNT_BLANK Force a screen blank.

DCNT _BGx, ‘ .
BGO-BG3, —K Enables rendering of the corresponding
8-B . DCNT_OBI. .
Obj background and sprites.
DCNT LAYER#
Enables the use of windows 0, 1 and Object
DCNT_WINX, window, respectively. Windows can be used to
D-F WO-OW . . o
DCNT_WINOBJ mask out certain areas (like the lamp did in

Zelda:LTTP).



REG_DISPSTAT @ (0400 :0004h

FEDCB
76 5 4 3 2 1 0

A9 8

VeT — Vel HbI VbI Ves HbS VbS

bits name define description

VBlank status, read only. Will be set inside VBlank, clear in
VDraw.

1 HbS  DSTAT IN HBIL HBlank status, read only. Will be set inside HBlank.

0 VbS DSTAT_IN_VBL

VCount trigger status. Set if the current scanline matches the
scanline trigger ( REG_VCOUNT == REG_DISPSTAT{&-F} )

DSTAT _VBL IR VBlank interrupt request. If set, an interrupt will be fired at

2 VeS  DSTAT_IN_VCT

3 Vbl
Q VBlank.
DSTAT HBL_IR .
4 Hbl 0 HBlank interrupt request.
s v DSTAT VCT IR VCount interrupt request. Fires interrupt if current scanline
c

Q matches trigger value.

VCount trigger value. If the current scanline 1s at this value,
8-F VT  DSTAT VCT# o , o
bit 2 is set and an interrupt 1s fired if requested.

REG_VCOUNT @ 0400 : 0006h (read-only)

FEDCBAY98|765 43210
= \Ye

bits name description

0-7 Ve Vertical count. Range 1s [0,227]
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FEID CBAY98 |7 |6 543210
Sz Wr | SBB CM |Mos | — CBB |Pr

bits name define description
0-1 Pr  BG PRIO# Priority. Determines drawing order of backgrounds.

Character Base Block. Sets the charblock that serves as the

2-3 CBB BG_CBB#
- base for character/tile indexing. Values: 0-3.

6 Mos BG_MOSAIC Mosaic flag. Enables mosaic effect.

BG_4BPP, Color Mode. 16 colors (4bpp) if cleared; 256 colors (8bpp) if
BG_8BPP set.

8.C SBB BG SBBE Screen Base Block. Sfets th('a screenblock that serves as the base
for screen-entry/map indexing. Values: 0-31.

Affine Wrapping flag. If set, affine background wrap around at
D Wr BG _WRAP their edges. Has no effect on regular backgrounds as they wrap
around by default.

BG SIZE# see Bgckgrougd Size. .Regular and affine b.ackgr.ourllds have.
E-F Sz el different sizes available to them. The sizes, in tiles and in
l(0)4
pixels, can be found in table 9.5.

Screen entry format for regular backgrounds

FEDCIB |[A 9876543210

PB VF |HF | TID
bits name define description
0-9 TID SE ID# Tile-index of the SE.
HF, SE_HFLIP, SE_VFLIP. : : ..
A-B - flags.
VF  SE FLIP# Horizontal/vertical flipping flags

Palette bank to use when in 16-color mode. Has no

C-F PB  SE PALBANK# ,
effect for 256-color bgs (REG_BGXCNT{6} is set).

® Sprite
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OBJ ATTR.attr0

F E|D |C BA|9 8|76 543210

Sh |CM |Mos |GM [(OM |Y

bits name define description
0-7 Y ATTRO Y# Y coordinate. Marks the top of the sprite.

ATTRO_BLEND, ATTRO_WIN. . .
A-B GM ATTRO. GFX# 10. Object 1s part of the object

Gfx mode. Flags for special effects.

00. Normal rendering.
01. Enables alpha blending.
Covered here.

window. The sprite itself isn't rendered,
but serves as a mask for bgs and other
sprites. (I think, haven't used it yet)

11. Forbidden.

Color mode. 16 colors (4bpp) if cleared; 256
colors (8bpp) if set.

D CM ATTRO_4BPP, ATTRO_8BPP




OBJ _ATTR.attrl

FED |C |[BA9|8 76543210

Sz |VF |HF |- X
- |aID -

bits name define description

0-8 X ATTRI X# X coordinate. Marks left of the sprite.

ATTR1_HFLIP, Horizontal/vertical flipping flags. Used on/y if the
C-D " ATTR1_VFLIP. affine flag (att rQ) is clear; otherwise they're part
ATTRI FLIP# of the affine index.

OBJ ATTR.attr2

FEDCIBA|98 76543210

PB Pr |TID

bits name description

Base tile-index of sprite. Note that in bitmap modes this
must be 512 or higher.

0-9 TID ATTR2 ID#

Palette-bank to use when in 16-color mode. Has no effect
C-F PB ATTR2 PALBANK#
- if the color mode flag (at t rO{C}) is set.
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® SpeedUp
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BlockCopy.s
@ BlockCopy:  rO:to, r1: from, r3: size
text
.align 2
.global  BlockCopy
type BlockCopy, %function
BlockCopy:
sub r2,r2, #16
I[dmia r1!, {r3-r10}
stmia r0!, {r3-r10}
cmp r2, #0
bgt BlockCopy
mov pc, Ir
.size BlockCopy, .-BlockCopy
.ident  "GCC: (GNU) 3.3.2"
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