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GBA Memory Map

General Internal Memory
00000000-00003FFF BIOS - System ROM
00004000-01FFFFFF Not used
02000000-0203FFFF WRAM - On-board Work RAM
02040000-02FFFFFF Not used
03000000-03007FFF WRAM - On-chip Work RAM
03008000-03FFFFFF Not used
04000000-040003FE I/0 Registers
04000400-04FFFFFF Not used

Internal Display Memory
05000000-050003FF
05000400-05FFFFFF
06000000-06017FFF
06018000-06FFFFFF
07000000-070003FF OAM - 0OBJ Attributes
07000400-07FFFFFF Not used

External Memory (Game Pak)
08000000-09FFFFFF Game Pak ROM/FlashROM (max 32MB) - Wait State 0
OAOOOOOO-OBFFFFFF Game Pak ROM/FlashROM (max 32MB) - Wait State 1
0C000000-ODFFFFFF Game Pak ROM/FlashROM (max 32MB) - Wait State 2
OEO00000-OEOOFFFF Game Pak SRAM (max 64 KBytes) - 8bit Bus width
OE010000-0FFFFFFF Not used

Unused Memory Area
10000000-FFFFFFFF

(16 KBytes)
(256 KBytes) 2 Wait

(32 KBytes)

BG/0BJ] Palette RAM
Not used

VRAM - Video RAM
Not used

(1 Kbyte)
(96 KBytes)

(1 Kbyte)

Not used (upper 4bits of address bus unused)

Default WRAM Usage

By default, the 256 bytes at 03007F00h-03007FFFh in Work RAM are reserved for Interrupt vector, Interrupt
Stack, and BIOS Call Stack. The remaining WRAM is free for whatever use (including User Stack, which is
initially located at 03007F00h).

Address Bus Width and CPU Read/Write Access Widths
Shows the Bus-Width, supported read and write widths, and the clock cycles for 8/16/32bit accesses.
Region Bus Read Write Cycles
BIOS ROM 32 8/16/32 1/1/1
Work RAM 32K 32 8/16/32 1/71/1
I/0 32 8/16/32 1/1/1
0AM 32 8/16/32 1/1/1 *
Work RAM 256K 16 8/16/32 3/3/6 **
Palette RAM 16 8/16/32 171/2 *
VRAM 16 8/16/32 1/1/2 *
GamePak ROM 16 8/16/32 = 5/5/8 **/%*%
GamePak Flash 16 8/16/32 16/32 5/5/8, ¥*j%xk
GamePak SRAM 8 8 8 5 %
Timing Notes:
i Plus 1 cycle if GBA accesses video memory at the same time.

8/16/32
8/16/32
16/32
8/16/32
16/32
16/32
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//-Stat is-the LCD status-controll register-it can be use to read the -display -stats-and controll
// line-interrupts. It-is R/W with the-exception -of bits 0-3 which-are read only.
var Stat = (*memmap.DisplayStat) (unsafe.Pointer (memmap.IOAddr + 0x0004))
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memmap.h
#define REG(reg) *((volatile unsigned short*) (reg))

// GetReg- returns-the volitile avlue-of -a 16 -bit register
volatile unsigned short GetReg(unsigned short* reg) {
return REG(reg);

}

// SetReg sets the-value-of -a-16-bit -volitile register

void SetReg(unsigned short* reg, unsigned short value) {
REG(reg) = value;

}
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memmap.go

// GetReg returns the volatile value -of-a 16 bit regiter
func GetReg[T regl(reg *T) T {
v := C.GetReg((*C.ushort) (unsafe.Pointer(reg)))
return T(v)

}

// -SetReqg sets the value-of-a 16 -bit volitile register
func SetReg[T regl(reg *T, value T) {

C.SetReg((*C.ushort) (unsafe.Pointer(reg)), C.ushort(value))
}
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Mode | BG Layer 0 | BG Layer 1 BG Layer 2 BG Layer 3 Colors Sprite VRAM

0 normal normal normal normal 16x16 or 32k
256x1

1 normal normal affine - 16x16 or 32k
256x1

2 - - affine affine 256x1 32k

3 - - bitmap[240x160] - 32,768 16k

4 - - bitmap[240x160]x2 - 256/1 16k

5 - - bitmap[160x128]x2 - 32,768 16k
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// PaletteValue  represents a valid color palette:value
type PalettevValue uintl6

// Palette-is-the -system palette-data, it consistes of-1kb-and-holds-16-bit-color-entries

// for-both the background and sprite palettes

// the gba-has-2, 256 -color-palettes. PaletteValues are-uintl6 which-is -why these values-are-in-HalfKBytes
var paletteStart = (*PaletteValue)(unsafe.Pointer(PaletteAddr))

var P = unsafe.Slice(paletteStart, HalfKByte)

// VRAMValue-represents-a-valid -VRAM-value
type VRAMValue uintl6

// VRAM-is-the system vram-data, -there-are 96kb-and depending on-the mode

// this data can be used to achieve different effect, -such -as-drawing data to the-screen and storing sprite gfx.
// -the -gba has 96 KByte-of VRAM, ‘VRAMValues-are -uintl6 which is why these values are in HalfKBytes

var vramStart = (*VRAMValue) (unsafe.Pointer(VRAMAddr)) // vramStart is needed to prevent tinygo  from-failing
var VRAM = unsafe.Slice(vramStart, 96*HalfKByte)

// 0AMValue represents-a-valid 0AM-value
type OAMValue uintl6

// OAM-is the object attribute data in the GBA hardware

// the-gba-has-128 normal sprite-attributes-and 32 -affine-attributes. These-attributes

// are-interlaced resulting - in 1lkb-of data. OAMValues -are-uintl6 -which is why these
//-values-are-in-HalfKBytes

var oamStart = (*0AMValue) (unsafe.Pointer(0OAMAddr)) // oamStart is needed to prevent tinygo from failing
var OAM = unsafe.Slice(oamStart, HalfKByte)
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// OAM-contains-all the regular-sprite-data, it -can-hold -up-to 128 -sprites,

//-note that only 96 sprites can be-drawn on-a given horizontal- line
var oamStart = (*Attrs)(unsafe.Pointer (memmap.0AMAddr))
var OAM = unsafe.Slice(oamStart, 128)

//-AffineOAM contains all the -affine sprite data, it can hold up to 32 affine sprite-attributes,
// -note-that -the-affine -sprite -index must be set using the regular sprite-data

var affineOAMStart = (*AffineAttrs)(unsafe.Pointer(memmap.0AMAddr))
var AffineOAM = unsafe.Slice(oamStart, 32)

type fi

// -Attro-is-the type-of the first-attribute in the Attrs struct
Attr® memmap.OAMValue

// Attrl-is the type of the second attribute in -the Attrs struct
Attrl memmap.OAMValue

// Attr2-is the type-of-the - third -attribute in-the-Attrs -struct
Attr2 memmap.OAMValue



// Attrs-is the structure of the sprite 0AM-attribute, it includes-the 3 seperate attributes
// used-for controlling -a-sprite, -including-size, -location, color -mode-and-others

type Attrs struct {

t //-Attro-has the following format

1/

//-[0---7] Y Position---y-position-of the top-left-corner-of-the-sprite-(0---255)
//

//-[8---9] Sprite Mode: - -Set the -draw-mode of -the sprite

// --Normal---Sprite-is rendered normally- (default)
//-----Affine---Sprite-is-affine-and-rendered-using-the-affine matrix
L - Hide- - The Sprite-is not drawn

//-----AffineDBL --Affine sprite using-double- rendering-area

//

// [A---B]-Sprite Effect - Set-the sprite draw effect

// --Normal- - Sprite-is-rendered normally- (default)

//-----Blend - Sprite-is-rendered with-alpha-blending

// --Window- - -Sprite-is-used-as-a mask

s

//-[C] Mosiac- --Enables- the-Mosiac-graphical effect

// - Mosaic- - Sprite is-rendered using the mosaic-effect

//

//-[D] Color -Mode: --Sets the sprite color mode

1/ --Colorl6-- use-one-of- -the-16, ‘16 -color- palettes-when- rendering - (default)

// --Color256- - -use-the-256 color palette when rendering

1L

//-[E - F] Sprite Shape- - Sets-the shape of the sprite, combined with the sprite size to-get the final sprite size
//-----Square- - the -sprite-is-a-square-sprite

Ve - Wide --the sprite-is-wider than-it-is-tall

14 --Tall---this-sprite-is-taller than-it-is-wide

/7

//-Sprite-shape-and-size in-pixels-are determinded by both-their-size-and shape-attributes
// --Square/-Small---8 -x-8
// - -Wide- -/ -Small - 16 -x'8
L s Talls s/ Smalls=-<8=+%416

// - -Square/-Med --16-x-16
// - -Wide- -/ Med --32-x8
L= = +Tall- /sMed-=-8 «x+32

Vs Square/ Large---32-x-32
//- -Wide- -/ -Large --32-x-16
//---Tall--/-Large---16-x-32

//---Square/ -XL---64-x-64
[fs=sWides=/ s XL.s=+642x+32
// Tall--/-XL---32-x-64
Attro Attro



// Attrl has the following format
// [0 --8] X - -The position of the top left corner of the sprite (0 --511)
//-[9 --D] -Affine -Index - The-index for-affine sprite-data (0 --32), -only used if -Attr@ is-set to-use-affine-attributes

//-[C] Horizontal Mirrior---if set,  -the sprite-is-mirriored horizontally

Sl

// [D]-Vertical -Mirrior---if set, the sprite-is mirriored vertically

//

// [E-- F] Sprite -Size - the size of the sprite, combined with-the sprite size to get-the final sprite size
// - ---Small---a-small sprite, 8px-to-16px-in-width-and height

// - -Medium- - -a -medium-sprite, -8px to-32px-in -width-and height

// - ---Large --a-large-sprite, 16px-to-32px-in-width-and height

'8 --XL---an-extra-large sprite, -32px to-64px in-width-and height

//

//-Sprite-shape-and size in-pixels-are -determinded by both-their -size-and shape attributes
// Square/ Small - -8 ' x 8
//---Wide--/-Small---16-x-8
//---Tall--/ -Small---8--x-16

// - -Square/ Med --16-x 16
//~+-Wide--/-Med---32:x-8
P Tall--/-Med --8- -x-32

//---Square/ -Large - 32 -x 32
// - -Wide- -/ -Large --32-x-16
// --Tall--/-Large---16-Xx-32

// Square/ XL - 64 -x 64
// - -Wide- -/ XL---64-x-32
// - -Tall--/-XL-- 32-x 64
Attrl Attrl



//-Attr2 has the following format

//-[0---9] Tile -Index - the-index of the base-tile for the sprite, starts-at 512 in-bit-map modes(0 - 1024)

//-[A---B] Priority - sets the -priority/ layer-of the -sprites

//
//
// - prioritye
// --Priorityl
// --Priority2
// --Priority3
//

// [C-- F] Palette

Attr2 Attr2

the highest sprite priorty, will be-drawn above-all other sprites
priority-1, -will -be-drawn-above priority 2-& 3-and-below-prioritiy-0
priority-2, will be-drawn-above priorities-3-and -below priorities -0 & 1
the lowest -priority, will-be -drawing below-all-other sprites

Bank- - -the-index of -the 16 -bit palette to-use for -the sprite, this will be-ignored if-the sprite-is-using 256 colors- (0 --16)

// - _-is-used for -struct spacing because  regular-and affine-0AM-data is-interlaced

__memmap.0AMValue
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const - (
// AMask-masks-out-every-bit-that-is-not-the:A:button
AMask memmap.Input = 6x0001

// -BMask -masks -out-every-bit-that-is -not-the B-button
A & i s 3 3§ A BMask memmap.Input = 0x0002
// Input is-the register that is-updated based on-controller-input, -the bits in theses registers

// are LOW-ACTIVE meaning their value is CLEARED when a button is press-and not the reverse as //-SelectMask-masks out-every bit that-is not-the select button
//-you -might -expect. This-register-is-read only-and-has-the-following- layout. SelectMask-memmap. Input- =-6x0604
/! // -StartMask masks-out every bit that-is not-the start button
// [8] A StartMask memmap.Input = 0x0008
//-11] B : , : . .
//-12] -Select // ‘RightMask masks out every -bit that-is-not the-right directional button
RLEC RightMask memmap.Input = 0x0010
//-[3] -Start
//-14] Right //-LeftMask-masks-out-every bit-that is not the left-directional button
//-[5] -Left LeftMask memmap.Input = 0x0020
// 6] Up // -UpMask -masks-out-every bit-that is-not-the up directional button
//-[7] -Down UpMask memmap.Input = 6x0040
// (8] R : : : :
9 // -DownMask-masks-out -every -bit-that -is not-the down directional button
/7191 L " DownMask memmap.Input = 0x0080
var Input = (*memmap.Input)( fe.P K r+ )

//-LMask-masks-out-every bit -that is not-the left-shoulder button
LMask memmap.Input = 0x0100

// ‘RMask masks-out-every bit that is not-the' right-shoulder button
RMask memmap.Input = 0x0200
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Palette

Objects

Selection
Red
Green

Blue

6x00 (80) 16-bit value 0x0008

0x00 (00) Hexcode #000000
0x00 (00) Paletteindex 0x000 (000)

Export BG Export OBJ

3x '+ Magnification
Background 0
Background 1

* Background 2

Background 3

Priority 1
Map base ©x06002008
Tilebase 0x06600000
Size 256%256
Offset e, 8
Xform N/A

Tile # ]
Palette # 0
Address  0x06800060
Map Addr. 806608000

Mirror None

6x00 (08)

0x00 (00)

0x00 (00)
Copy

Export

Palette
256 colors
Magnification
Tiles per row
V' Fitto window
Displayed tiles
Only BG tiles
Only 0BJ tiles

® Both

Copy Selected

Export Selected

Tile #
Palette # 2
Address 0x06808060

Red 8xe0 (00)
Green 000 (00)
Blue  ©x00 (09)

Copy All

Export All




OBJ Attribute Memory (1kiB) ~ Inspect Address: | 0x0

Set Alignment: 2Bytes 4Bytes

1/0 Viewer X 5 A 150-8859-1
57000000 4 e A® 40
07000010 0 40 68 00
07000020 | 4 2 0 4 60 68 80
07000030 | 4 4 4 68 80
07000040 4 3 4 40 90 00
07000050 4 @0 48 80
07000060 0 02 FF 01
07000070 0 02 FF 01
97000080 02 FF o1
07006090 02 FF 01
970000A0 82 FF 01
97000080 0 02 FF 01
076000C0 2 02 FF 01
976060000 2 02 FF 01
070000E0 2 6 02 FF 01
0700600F0 c 02 FF 01
07000100 0 02 FF 01
07000110 2 0 02 FF 01
97000120 62 FF 01
07000130 8 02 FF 01
97000140 82 FF o1
07000150 0 02 FF 01
07000160 : 02 FF 01
97600170 2 62 FF 01
07000180 02 FF 01
07000190 62 FF o1
07000140 0 02 FF 0l
07000180 0 02 FF 01
970001CO 62 FF o1
07000100 02 FF 01
970001E0 02 FF o1
070001F0 2 0 0 02 FF 01
07000200 ¢ 02 FF 01
97000210 62 FF 01
07000220 0 02 FF 01
0700023 62 FF ol
07000240 02 FF 01
07000250 0 02 FF o1
97000260 02 FF o1
07006270 6 02 FF 01
97000280 82 FF o1

0x4000000: DISPCNT
0x1740
v v v Vv v
FEDCBAY9876 543210

Background mode
Mode 0: 4 tile layers
CGB Mode
Frame select
Unlocked HBlank
Linear OBJ tile mapp
Force blank screen
Enable background 0
Enable background 1
Enable background 2

Enable background 3
Enable OBJ

Enable Window 0
Enable Window 1
Enable OBJ Win

Reset

Signed Integer: Unsigned Integer:
String: Load TBL

Copy Selection Paste Save Selection | Save Range Load
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[ .gitignore
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[ README.md
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README.md

Flappy Boot -

Oh No! Hermes, the Olympian god, seems to have dropped on of his winged boots from the heavens! Better hurry
and find your way back to him, but beware of the many Roman columns that stand in your way.

This is a flappy bird clone written from scratch for the GBA. It is open source and fairly well commented so feel free to
use it as a jumping off point for your own project. If you would like to learn about this project check out ¢
presentation on makeing GBA games in Go.

Project Structure ~

This project has the following structure.

« assets: png assets and mockups for the game
« cmd: tools used as part of game development
o image_gen: conversion tool used to generate GBA compatible graphics from png image files.

o lut: look up table aeneration for the sin function.

mprove play and pillar hit boxe

Y Fok 0

About

fr Sar 2 -

a flappy bird clone for the GBA

[ Readme

® Goo ® Other 0.4%

Suggested Workflows

Based on your tech stack

o

Configure

Configure

https://qithub.com/bjatkin/flappy-boot
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Download

flappy_boot .gba

Install instructions

Comments

Write your comment.
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