Halo PC Map Editing

Part 1: The Header

This article starts off with information on how to read a maps header data. It explains the entire process in depth and includes psuedo code that can be adapted to most programming languages.

Greetings enterprising programmers (and curious modders) and welcome to part one of a more than one part tutorial series on writing Halo Map Editors. I'm Altimit01, lead programmer on the Eschaton team and I thought I'd share some info on how to write a Halo Map Editor.

Note: As of this writing, I don't have enough information on how to decompress xbox map files so this tutorial series will assume either decompressed maps or PC maps which are not compressed.

So let's jump right into it. What you first have to understand is that the Halo 1 mapfile is organized into several discrete sections. First there's the header, then the raw data which contains bsp info, model offsets and links to sounds and bitmaps that are stored in other files. After the raw data comes the index and finally the tags themselves. Grenadiac posted a far better explanation on halomods which can be found here, here and here.

I'll begin at the beginning for two reasons. First is that it's a logic place to start and second because that's where road map to the rest of the data is stored. I'm talking about the header folks. In the first 2048 bytes of the halo map is contained tell tale information about how the map is organized. Some of this you may recognize from an Eschaton map dump. Remember, if you're working on a computer that is not normally little endian (Mac OSX for example) it's may be necessary to specify that your binary input is formatted as little endian when reading values. Here's all the important info in a full map header along with the corresponding hex addresses:

0x0: Head string

0x4: Game type

0x8: Decompressed map size

0x10: Index offset

0x14: Meta data size

0x20: Map name

0x40: Map build date

0x60: Map type

0x7FC: Foot string

And this is the same set but with the demo offsets:

0x2C0: Head string

0x588: Game type

0x5E8: Decompressed map size

0x5EC: Index offset

0x2C4: Meta data size

0x58C: Map name

0x2C8: Map build date

0x02: Map type

0x5F0: Foot string

Now only a couple of these pieces of data are useful to us, but all of them are necessary for the mapfile. There are also several undocumented values in the header but they are not changed by modding operations and we can therefor ignore them. If you are intending on including a rebuilding function in your editor, it is necessary to record all the data regardless of its importance since you would be writing a new mapfile and need all of the data to rebuild correctly. Below is a list of each header data item along with a description of what they represent.

Header data descriptions:

Head string: in a full version map this normally "daeh" while demo maps have it as "dehE". It represents the start of the header data.

Game type: this 32-bit integer indicates what actual game the map came from. The value 5 means the map is an xbox map, 6 means it's a demo/trial map, 7 means it is a full version for PC (or Mac) and 609 means it is a Halo Custom Edition map.

Decompressed map size: this 32-bit integer expresses the full size of the mapfile. In the case of xbox maps, it indicates the size of the mapfile after it has been decompressed. If you're rebuilding for PC it's not required that you change this value but it is generally considered a good idea.

Index offset: this 32-bit integer is the most important piece of data contained in the header. It contains the address of the map index, the next part of the mapfile that we'll be using.

Meta data size: this 32-bit integer is the other useful piece of data contained in the header. It tells us the size in bytes of all the meta data. Once again, it's not necessary to update this with rebuilding, but it is recommended.

Map name: this string contains the internal name of the map. It should be the same as the name of the map file.

Map build date: this string indicates the build data/version of the map. Demo, full and CE each have different build dates but changing the dates around doesn't seem to have much effect. CE might be more specific about the build date according to some sources.

Map type: this 16-bit integer indicates whether the map is a single player map (value = 0), a multiplayer map (value = 1) or a UI map (value = 2). These three types are the only ones that contain a normal mapfile header (yes you can open ui.map in most editors).

Foot string: this string in a full map represents the end of the header data. Since demo scrambles the header it no longer is at the end of the data. On normal maps it is "toof" while on demo maps it is "tofG".

So now that you understand what each piece of data in the header represents, we'll write some psuedo code to read it in.

function loadmap

{

//f is some sort of file class that we can use to represent files on the computer.

//we'll get the mapfile through the fuction getfile

//let's assume that getfile will only get .map files that are not sounds.map or bitmaps.map

file f = getfile()

//br is a binary stream class that we'll use to read the file

input_binary_stream br = f.OpenAsBinaryFile()

//making sure to read the file as little endian just in case

br.LittleEndian = true

//declare the header variables

//remember, the integers have to be 32bit signed integers

//except for the map type which is a 16bit integer

string headString

string footString

string mapName

string mapBuildDate

int32 gameType

int32 decompMapSize

int32 indexOffset

int32 metaSize

int16 maptype

//so now we'll read the first piece of data to check to see if it's demo or full

string test

br.Position = 0

test = br.ReadChar(4)

if ( test == "daeh" ) {

//this means that we'll be reading a normal map header

headString = test

br.Position = 0x4

gameType = br.ReadInt32()

br.Position = 0x8

decompMapSize = br.ReadInt32()

br.Position = 0x10

indexOffset = br.ReadInt32()

br.Position = 0x14

metaSize = br.ReadInt32()

br.Position = 0x20

mapName = br.ReadChar(32)

br.Position = 0x40

//normally we should read 32 characters, but the build date is always 13 characters long.

mapBuildDate = br.ReadChar(13)

br.Position = 0x60

mapType = br.ReadInt16()

br.Position = 0x7FC

footString = br.ReadChar(4)

}else{

//this means that we'll be reading a demo header

br.Position = 0x2C0

headString = br.ReadChar(4)

br.Position = 0x588

gameType = br.ReadInt32()

br.Position = 0x5E8

decompMapSize = br.ReadInt32()

br.Position = 0x5EC

indexOffset = br.ReadInt32()

br.Position = 0x2C4

metaSize = br.ReadInt32()

br.Position = 0x58C

mapName = br.ReadChar(32)

br.Position = 0x2C8

//normally we should read 32 characters, but the build date is always 13 characters long.

mapBuildDate = br.ReadChar(13)

br.Position = 0x02

mapType = br.ReadInt16()

br.Position = 0x5F0

footString = br.ReadChar(4)

}

//we'll stop here for now, but later we'll add to this code to read from the index

}

So now you have an example of how to start off reading a mapfile. The code above isn't actual usable code but is near enough that with some experience you can adapt it to whatever language you're writing in.

Next time, I'll show you how to use the index data to find out all the tags that are stored in the map.

Part 2: The Index

So we're back with a new installment on how to edit the halo mapfile. But before we can edit anything, we have to find out where everything is. So now we'll be reading in the index data.

Welcome back. I know it's been a bit since I last talked to you guys about the header but here I am ready with the next step. But before we get into it, I'm just going to clarify a few important bits.

This tutorial assumes a beginner to medium understanding of programming concepts. It also assumes you have a general idea of how to manipulate halo mapfiles using existing software. Finally, you must have read the first installment of this tutorial series.

Ok, so now that that's taken care of we'll get going. Todays topic of discussion is the map index. The map index is like any index in that it keeps a useful list of all the important data in a simple to read format. To find it, we simply read the header and go to the location stored in our variable indexOffset. Once at the index, the data will be organized in this fashion:

indexOffset + 0x00: Map magic (index)

indexOffset + 0x04: Unknown ID

indexOffset + 0x08: Unknown data

indexOffset + 0x0C: Tag count

indexOffset + 0x10: Verticie count

indexOffset + 0x14: Verticie offset

indexOffset + 0x18: Indicie count

indexOffset + 0x1C: Indicie offset

indexOffset + 0x20: Model size

Now some of that info might seem familiar but for the most part it doesn't make much sense without an explanation. I included the two unknown values for the sake of completeness this time around but at this point it seems to be ignored by most modders. So anyway, here is the breakdown on what each piece of data means:

Map magic (index): this 32-bit integer is one of the most important pieces of data in the entire mapfile. It is also very useful for the creation of maps since it allows map makers to add data without having to completely rewrite the entire pointer/reflexive system that tags rely on to communicate with each other.

Unknown ID: this 32-bit integer appears to be similar to other ID values and might possibly represent the ID of the index.

Unknown data: there is currently no information on this 32-bit integer.

Tag count: a 32-bit integer that stores the number of tags in the mapfile.

Verticie count: this 32-bit integer indicates how many verticies total there are in the model section of the raw data. This and the next couple of variables having to do with models will be explained further in another tutorial.

Verticie offset: this 32-bit integer is the offset to the verticie raw data.

Indicie count: this 32-bit integer indicates how many indicies are stored in the raw data.

Indicie offset: this 32-bit integer when added to the verticie offset indicates where in the mapfile the indicies are stored.

Model size: a 32-bit integer that contains the size in bytes of the model section of the raw data.

Before we get into the coding, there's still a little bit of explanation required. Magic. As you're already beginning to see, the mapfile has to access subfiles elsewhere in the file by using location offsets. But because of the nature of map creation, adding anything to a map changes the location of hundreds of other subfiles. While some parts of map creation like tags or bitmaps take a small amount of time import, but bsps can take a long time to build properly and rebuilding a bsp for every tag built would take to long to be useful. In order to ease that, there's magic. Magic is used to modify offset values that other subfiles use. So let's say there's a value in a tag that is very high. Taking that number and subtracting magic would give you an offset inside the map. That's how magic works.

Now before we start writing a piece of code to incorporate this new information into our code, I'm going to update the existing version so that it reflects an easier to use object oriented format. So first we'll define the class map_header:

class map_header

{

//member variables

string headString

string footString

string mapName

string mapBuildDate

int32 gameType

int32 decompMapSize

int32 indexOffset

int32 metaSize

int16 maptype

//member functions

void load(folderitem f)

}

void map_header::load(folderitem f)

{

input_binary_stream br = f.OpenAsBinaryFile()

br.LittleEndian = true

string test

br.Position = 0

test = br.ReadChar(4)

if ( test == "daeh" ) {

headString = test

br.Position = 0x4

gameType = br.ReadInt32()

br.Position = 0x8

decompMapSize = br.ReadInt32()

br.Position = 0x10

indexOffset = br.ReadInt32()

br.Position = 0x14

metaSize = br.ReadInt32()

br.Position = 0x20

mapName = br.ReadChar(32)

br.Position = 0x40

mapBuildDate = br.ReadChar(13)

br.Position = 0x60

mapType = br.ReadInt16()

br.Position = 0x7FC

footString = br.ReadChar(4)

}else{

//this means that we'll be reading a demo header

br.Position = 0x2C0

headString = br.ReadChar(4)

br.Position = 0x588

gameType = br.ReadInt32()

br.Position = 0x5E8

decompMapSize = br.ReadInt32()

br.Position = 0x5EC

indexOffset = br.ReadInt32()

br.Position = 0x2C4

metaSize = br.ReadInt32()

br.Position = 0x58C

mapName = br.ReadChar(32)

br.Position = 0x2C8

mapBuildDate = br.ReadChar(13)

br.Position = 0x02

mapType = br.ReadInt16()

br.Position = 0x5F0

footString = br.ReadChar(4)

}

}

Now that we have all the original code up to date with our newer object oriented format, it's time to expand the scope of our project by implementing a class for the entire map.

class map

{

//member variables

folderitem f

map_header header

//member functions

void load()

}

void map::load()

{

f = getfile()

map_header.load(f)

}

We'll now write the class and loading function for the index data.

class map_index

{

//member variables

int32 mapMagic

int32 unknownID

int32 unknownData

int32 tagCount

int32 vertCount

int32 vertOffset

int32 indCount

int32 indOffset

int32 modelSize

//member functions

void load(folderitem f, int32 indexOffset)

}

void map_index::load(folderitem f, int32 indexOffset)

{

input_binary_stream br = f.OpenAsBinaryFile()

br.LittleEndian = true

br.position = indexOffset + 0x00

mapMagic = br.ReadInt32()

br.position = indexOffset + 0x04

unknownID = br.ReadInt32()

br.position = indexOffset + 0x08

unknownData = br.ReadInt32()

br.position = indexOffset + 0x0C

tagCount = br.ReadInt32()

br.position = indexOffset + 0x10

vertCount = br.ReadInt32()

br.position = indexOffset + 0x14

vertOffset = br.ReadInt32()

br.position = indexOffset + 0x18

indCount = br.ReadInt32()

br.position = indexOffset + 0x1C

indOffset = br.ReadInt32()

br.position = indexOffset + 0x20

modelSize = br.ReadInt32()

}

Now all we need to is update the map class

class map

{

//member variables

folderitem f

map_header header

map_index index

//member functions

void load()

}

void map::load()

{

f = getfile()

header.load(f)

index.load(f, header.indexOffset)

}

Another step closer to a working map editor. Next time we'll be working on reading in the tags.

Part 3: Tag Reading

It's that time again. We've struggled long and hard and are almost there. So let's get to coding that map editor! Fair warning to all of you. This update will be throwing a lot of CompSci terms around. I'll explain a couple of them (probably too much for those already familiar) but also assume you have a decent knowledge about programming. And just so we're all clear, I'll be posting the code we're working on in a separate news post in it's entirety. (With updates as we continue through the tutorial.)

So let's begin. First off, this next section is technically part of the index. However, because of the format, it is generally useful to think of the tag list as a separate data struct since we will be using it as one. Now, I'm going to strongly recommend the use of a Hash Table in your code. RB has a simple to use version called Dictionary (see the language reference) and VB uses a class called Collection. Other languages may not have a built in class, but you will most likely be able to find one available for download.

The hash table. A hash table is designed to speed up the process of information lookup. As some of you may be aware, arrays have very fast access to individual elements, but if you need to search through those elements for a particular one then you're looking at a O(n) function. While generally acceptable for most uses, searching through every element can become a problem when dealing with large amounts of data or when you want your program to be more user friendly. A hash table is one of the simpler solutions. A perfect hash table runs in O(1) time, that is to say constant time. A set number of instructions to find any given element. The way this works is by using keys. Hash tables work like arrays except that instead of accessing an element by an index number, the key can be any form of data (that your hash function supports). What this means is that you could use a string as your key and an integer as your data (since complex data isn't generally useable). Enter the string and get the integer which you could then use as the index in another array, which is exactly what we're going to do. In a perfect program, a hash function can create a unique output for every input (which the hash table then uses internally as the indexes of its array). Anytime the same key is generated is what's called a collision. There are several ways of dealing with collisions which if you're interested, I urge you to read the wiki article. The main thing is that you can basically use any simple type of data instead of indexes to access array elements reducing a O(n) algo to a O(1) algo.

So now that you understand hash tables enough to use them, let's get coding. First off, we'll define a simple class (feel free to use a struct if you prefer) that will contain all the info for a given tag in the tag list.

class tag

{

//member variables

string class1

string class2

string class3

uint32 ident

int32 name_offset

string name

int32 offset

int32 zero1

int32 zero2

}

Some of that data should seem familiar but I'll go over each of them for the sake of ease.

class1: a four character string that denotes what tag class the indicated tag is. Example: jpt!, vehi, weap or proj.

class2: a four character string that categorizes certain upper level tags. Otherwise it is a useless set of ÿÿÿÿÿ. Example: unit.

class3: a four character string that categorizes upper level tags. Otherwise ÿÿÿÿÿ. Example: obje.

ident: the common use of this info is as an unsigned integer. In Eschaton, I chose to use signed integers which interprets them as negative numbers. It makes it simpler to identify. In either case, the value of the identity is used in the map as a way to reference other tags. That's how dependencies work. Simpler to use 4 bytes rather than an offset that can change or the tag name.

name_offset: in the tag list, the names aren't actually recorded, but are instead kept in a string list. The offset recorded points to the start of a null terminated string.

name: the string that contains the file name.

offset: the offset to the meta data.

zero1: on normal maps, this is just a zero, but on some tags in CE maps these have 1's.

zero2: always zero.

The data is stored immediately after the index. We'll add this into the map classes functions, along with the important member variables. Note: I'm going to assume all arrays are dynamic for this part, and that hash is a simple class that uses any simple data type for the key value and data value.

class map

{

//member variables

folderitem f

map_header header

map_index index

tag() tags

hash tags_by_ident

hash tags_by_class_name

//member functions

void load()

void read_tags()

string reverse(string input)

}

void map::load()

{

f = getfile()

header.load(f)

index.load(f, header.indexOffset)

read_tags()

}

void map::read_tags()

{

input_binary_stream br = f.OpenAsBinaryFile()

int32 tagsoffset = header.indexOffset + 40

int32 magic = index.mapMagic - tagsoffset

for(int32 i = 0, i < index.tagcount, ++i)

{

tag temp_tag

br.position = tagsoffset + i*32

temp_tag.class = reverse(br.Read(4))

br.position = tagsoffset + i*32 + 4

temp_tag.class2 = reverse(br.Read(4))

br.position = tagsoffset + i*32 + 8

temp_tag.class3 = reverse(br.Read(4))

br.position = tagsoffset + i*32 + 12

temp_tag.ident = br.ReadUInt32

br.position = tagsoffset + i*32 + 16

temp_tag.name_offset = br.ReadInt32 - magic

//now we'll do a little fancy name reading

string temp_str = ""

int8 inputint

br.position = temp_tag.name_offset

inputint = br.ReadInt8

br.Position = br.Position - 1

while(not (inputint = 0) )

{

temp_str += br.Read(1)

inputint = br.ReadInt8

br.Position = br.Position - 1

}

temp_tag.name = temp_str

br.Position = tagsoffset + i*32 + 20

temp_tag.offset = br.ReadInt32 - magic

br.Position = tagsoffset + i*32 + 24

temp_tag.zero1 = br.ReadInt32

br.Position = tagsoffset + i*32 + 28

temp_tag.zero2 = br.Readint32

tags.Append(temp_tag)

tags_by_ident.Value(temp_tag.ident) = i

tags_by_class_name.Value(temp_tag.class1+":"+temp_tag.name) = i

}

}

string map::reverse(string input)

{

string output = ""

for(int32 i = input.Len-1, i >= 0, --i)

{

output += input.At(i)

}

return output

}

Congratulations, we have now successfully read in all of the tags that are stored in the index. This is the first big step into having a successful editor. We know where all the tags are and have enough info to differentiate them by type and name. Next time we'll get into the nitty gritty parts of editing those tags.

To Be Continued...

