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Introduction
.

e Me
- Scott Bilas
- Background
e You
- System architect types
- Tired of fighting with statically typed systems for game code
e The Test Subject
- Dungeon Siege
- >7300 unique object types (i.e. can be placed in the editor)
- >100000 objects placed in our two maps
- Continuous world means anything can load at any time

I i mpl emented the system | 6m about to
ago. As with most things in a game engine, it ended up getting used in

many ways | never imagined. This talk is about the problem | was trying

to solve, what I did, why you should care, and how it all turned out.



Cell Phones?

Oh wait, before | forget, please put away annoying little electronic
beeping things that play TV theme songs



Definitions
L]

e Data-Driven
Meaning: “No engineer required”
Engineers are slow

Causes designers to hack around missing
functionality

Goal: remove C/C++ from game
Line between engine and content is always moving

First | etds | ook closer at the title |
terminology out of the way.

Data-Driven

This can mean many things, but for me i
involve an engineer when you want to change something. Engineers

are really slow and it often seems like they take forever to get anything

done. This of course drives designers and artists crazy. A non-data-

driven system would have the names of animations to run for a monster

hardc oded into the C++ files, requiring
build to change. A data-driven system would store all of this in a data

file somewhere and you could even write a tool to keep it updated.

When | wrote the above, | realized that | was thinking in 1995 terms.

Today wedbve gone much further than that
doesndt even know what a monster i s, an
run animations is because some Al script with its own agenda is

sending a request to do so. In many modern game engines you can

make radical changes to the system without ever speaking to an

engineer. This permits rapid prototyping and is a wonderful thing, if

managed properly. The line between engine and content is always

moving, maybe one day wedll engineer ou



Definitions (Cont.)

|
e Game Object (Go)
- Piece of logical interactive content

- Perform tasks like rendering, path finding, path
following, speaking, animating, persisting

- Examples are trees, bushes, monsters, levers,
waypoint markers, doors, heroes, inventory items

- Many are “pure logic”, never see them (triggers,
elevator movers, camera sequences)

- Every game has these in some form

Game Object

A Game Object or what we at GPG call a
interactive content that the player can do something with. The line is
blurred of course depending on the engine. In Dungeon Siege, some

examples of Gobés are trees, bushes, mon
markers, and doors. The heroes and each item in their inventory (like
swords, rings, armor, and the inevitabl

you never see, such as triggers, elevator movers, sound emitters, etc.

Go 6 s a-comtaireceldgit that can perform many tasks, or you might

say they have many abilities. They might render themselves, find paths,

follow paths, think for a bit, say something, ready and shoot an arrow

(which is itself a Go), or self-destruct, spawning an effect on the way

out. Thereds nothing special about Goobs
this, of course, but each game does it differently.



Definitions (Cont.)

e Game Object System
Constructs and manages Go’s
Maps ID’s to object pointers
Routes messages

Build from many things, but for this talk
e GoDb: Go database
e ContentDb: Static content database

Every game has this in some form

|

The Game Object System is simply the system that constructs and
manages Goobds for the game. ltdéds respo
pointers, creating and destroying Gobd
use Gobs, and routing messages. Il n Du
|l ot of systems, but for the purposes
GoDb (Go database) and the ContentDb (static content database).

Games today have crazy amounts of <con
movies, which are easy (i.e. each movie is a single piece of content, no
problem!). And ités only getting wors
glass-is-half-full type of person).
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So |l etbdébs get into the main topic here.
create a new Game Object System from

Ado it right the first timeo. You tal
content are we going to have in this

of stuff, trees, and birds, and bushes, and keys and locks and

é<trailing off>0 and your eyes gl aze

C++ ways to solve the problem. The object oriented programming
sages tell you to try to determine Is-A relationships and abstract



functionality and all that other fun stuff. You go to the book store and buy a
C++ book just to be sure, and it tells you to fire up your $5000 UML editor with
one of the classic examples (next slide):



Example Class Tree

Vintage
Object
Missile Spaceship ™~ Explosion

/\ Asteroid

FriendFoe- HeatSeeking-
Missile Missile

EnemySpaceship

Here we have all our game types specified as classes in a nice

hierarchy. | had to keep this diagram simple to fit on this slide but

i magine all the fun virtual
Think(), and HandleMessage().

functdi

ons

y



Example Class Tree
Newfangled
|
Object
/\
Drawable Collidable Chewable
Missile Spaceship Asteroid

Fancier books recommend something like this.

Here, we try to decompose functionality along capability lines. Each

Ami xino class adds functionality, for
add knowledge of how a space monster would be able to chew up the

object (maybe play some effects, add info to the leaderboard, etc.).

Again, no space on the slide, but expect that there would be hooks

(pure virtual functions) like OnDraw(), OnGetBoundingBox(), and

whatever else.



It Won’t Work
G

e There are hundreds of ways to decompose the
Go system problem into classes
- They are all wrong
- They don'’t start out wrong, of course...

e Games constantly change

- Designer makes decisions independently of
engineering type structures

- They will ask for things that cut right across
engineering concerns

There are probably hundreds of ways you could decompose your

systems and come up with a set of classes (I just showed a couple

simple ones), and eventually,allof t hem ar e wrong. This
that they wondédt work, but games are cor
invalidating your carefully planned designs. How many post-mortems

have you read about designs that were too ambitious, or massive

changes mid-stream, or when marketing demanded some silly thing, or

something needed to get added because somebody thought it might

make the game more competitive...

So you hand off your new Game Object System and go work on other

things. Then one day your designer says that they want a new type of

Aal i eno asteroid that acts just | ike a
an asteroid. Or they want to get rid of this whole spaceship concept and

go underwater instead. Or they want those trees to sway back and forth

in the windé



Just Give In To Change
T

e Requirements get fuzzier the closer your code
gets to the content

e Will end up regularly refactoring
e Do not resist, will cause worse problems!
e However: C++ does not support this very well!!

The closer your code gets to that line between engine and content, the
fuzzier the requirements and the more likely that your work will regularly
need to get refactored. You could resist change like this, but that will
just result in designers hacking around things, creating even worse
problems. Suffice it to say that 1itods
change as a fact of normal game development. And how does that
change get handled? In software engineering we learn to take the
things that vary and abstract them. In other words, find the parts of the
system that are likely to change and make them flexible. Traditional
wisdom says to do this through Is-A relationships via the class tree.
Unfortunately, the class tree resists change.
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C++: Not Flexible Enough
T

e Code has a tendency to “harden”
- Resists change over time
- Rearranging class tree requires lots of work
e Needing to change it causes engineering
frustration, which leads to...
Class merging/hoisting (fights clean OOP)
Virtual override madness
Increased complexity < increasing resistance
Doc rot, editor out of sync

]:I'his can go wrong a number of ways, and all of them are caused by programmer frustration. Here are a
ew:

Class merging (sometimes called hoisting)

Over time, many of these I|ittle classes end up getti
to have little bools inside the base class that say
feature offo, because you figure out that 90% of you
itdébs easier to just holst the functlo_nallti)r/rl out of t
Sureyou could createanewder i ved cl ass that contains tdimansiondlunct i
array of features here, one for each type, and there
choose to follow for your hierarchy design will end
end up turning that n-dimensional array into a list of configuration variables that sit in the base. And this
isndt necessari.l a bad thing, though it wusually is
configuration variables and a bunch of switch statements, right?
Virtual override madness
The point of deriving is to specialize behavior. When You have derivatives of derivatives, you end up with
potentlal ordering problems in your virtual functlon calls. A particular class overrides an OnDraW() method.

t knows that it must draw its new stuff after the b
!tself A new derivative of this class wants to draw itself in between the base and its base. This is
impossible, so you end up .

Increasing resistance to change
The more complex the system gets, the more aranoid
hierarchy, no big deal, just copy paste something else and adapt it. But it will have depth to it, and so when
your junior guy wants to add some new izmo to suppo
can it be inserted without messing everything up? Which virtual functions must you call and when and
how? Most I|ikely what theyoéll do is add some more bo
Eventually you run into distributed state management problems, nasty.

Doc rot

Ités hard enough to get programmers to document thei

team how to use it. In your data-driven system, somewhere there is some kind of loader function i code
that maps data from the resource store onto runtime objects. The names of the fields it reads in, their

C OO0 T 3

p

—~Q
L 30c

« [o2be B

® =3
— — —

S o T Q=S m

Zz TuSo

p—y

own

11



types, the all owable ranges, etc are known as the- f
coded into your C++ app, ités up to the programme t
as it changes. Just like the type problem, with code this close to the content, something this dynamic is going to take
resources that probably arenét there, and so documen
roto, and become more an more incorrect over ti me.

Editor out of sync

This is a similar problem to doc rot. Whatever tool you have built to place objects in a level needs to know the game
schema in order to know what values it can let the designers change.

11



Reexamine The Problem
.

e This is a database
- (a very well understood problem)
- “The data is important, nothing else matters”
e ...and we're hard coding it every time
e To meet changing design needs, can't just

data-drive the object properties, must data-
drive structure (schema) of the objects

Letds step back a bit and | ook at what
database. Why are we spending all this time, constructing classes and

hierarchies and managing cpp files and h files and #include nightmares

and forward declarations and ordering dependencies on virtual

functions and slow compile times and custom archive functions and all

of this mess, when al {codwea@atabase?e al | vy doi
Sureourgameisdata-dr i ven i n that wedre reading
and such from disk in order to initialize our game objects, but in order to

cope with the ever-changing needs of the game, the structure of the

objects themselves is what mustbedata-d r i ven now. Letds tal
structure, the hierarchy, and put it into data.

So if wedre moving type definition out
should all of this | ook | redkpoitofthisd now w
talk. The easiest way for me to describe this is to just talk about the

system | implemented for Dungeon Siege 1 first implementation, then

usage (next slide).
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Solution: Component System
A

e Each component is a self-contained piece of
game logic

e Assemble components into Go's to build
complete objects

e Specification for assembly driven by data

e Lay out data in a C++-style specialization tree
to promote reuse and reduce memory usage

e Include and enforce an external schema

Herebs a quick overview of the 1 mpl emen
system, where each component encapsulates a chunk of game logic,
and the data specifies how to assembl e

and what values they should be initiald:@i
Acomponent o, try fAplugino instead, same
For example, the [placement] component

world, the [body] component is responsible for animation-related tasks,
the [mind] component handles sensors and performing jobs, and the
[inventory] component manages equipment and inventory items. These
components are sort of like the mixin classes | mentioned earlier.

13



Two-Part Implementation
.|

Dynamic Content Static (Const) Content

Go

ContentDb

GoComponent

GoDataComponent

GoSkritComponent

GoDataTemplate

GoDb

There are two separate sets of classes involved here. One is for the
static content and represents the schema and prototypes in the
database. The other is for dynamic content and makes up the game

objects for the session. 6191 be cover.i
next.

14



Dynamic Content Layout

Go GoComponent
Component|

- GoPlacement

=]

g Component2 / \ GoBody

2 Component3 \

£ GoMind

5 GoPlacement* Golnventory
GoBody*

GoSkritComponent

Letds |l ook at the dynamic content first, which
thicker borders on the key classes in here. | &
just a container for Gobs.

A Go is just a class that contains a list of components. You can query for a component
by name, and it will return a GoComponent* that you can cast to the real type.
Components are unique within a Go, meaning that there can only be one of each kind.
This is limitation | specifically added to keep the system simple but | plan to remove it
for the next game as it turns out we needed to permit arrays and nesting in some
cases. For performance, the most commonly used components get a cached pointer
so we donét have to |l ook them up each time (the
those, like GetBody(), Getlnventory(), etc.). The Go class does not have derivatives.
Nearly all logic is done in the components so the Go does little more than component
management, maintain the parent/child tree, and a few other random things. The game
runs almost completely on the logic built into the Go components.

GoComponent is our other main dynamic content ¢
class. It does little more than provide the common interface through which the system
components communicate. ltds filled with event
overridden by derivatives, such as HandleMessage, CommitCreation, LinkParent, and
Xfer (for persistence) and a few helpers. Mo s t

about game code deal with components through virtual methods at the GoComponent
level.

15



Extension: Skrit
(DS Scripting Language)

.|
e Obvious requirement:
build components out of skrit
e Leave high performance components in C++
e Permits extremely fast prototyping

— No rebuilds required
- Don’t even have to restart game (reload on the fly)

e Schema is internal

When | was designing this system it became immediately obvious that

we wanted to build components out of Skrit (Skrit is just the name of my

scripting language). High performance components that are used

everywhere should be written in optimized C++ code, and everything

else would be Skrit. Why do it like this? | wanted prototyping new ideas

to be as simple as creating a new Skrit file and plugging it into the data
somewhere. And because itdés my compiler
could do it all on the fly without having to restart the game (much less

get a new build from an overworked engineer!).

16



Extension: Skrit (Cont.)
I

e Simple implementation (assuming you already
have event-driven scripting language ready)
- GoSkritComponent derivative owns a skrit
- Override all virtuals and pass as events to skrit

e Game and editor don't know/care difference
between C++ and skrit components
— (Neither do the designers)

In practice this was pretty simple to implement. Just create a custom

derivative of GoComponent called GoSkritComponent that owns a Skrit

object, overrides all those virtual functions, and passes them along as

events to the Skrit. For all practical purposes, the game and the editor

dondét know the difference between a C++
component. And certainly none of the designers really had any idea

either. They just see a property sheet in the editor.

It worked out pretty well. We ended up with about 21 components that
we thought needed to be written in C++

17



21 C++ Components

actor, aspect, attack, body, common,
conversation, defend, edit, fader, follower, gizmo,
gold, gui, inventory, magic, mind, party, physics,
placement, potion, store

(Mention a few of these).

And the rest, nearly 150 of themé (shov

18



148 Skrit components

base_chest, cmd_actor_stats, cmd_ai_dojob, cmd_animation_command, cmd_auto_save, cmd_camera_command,
cmd_camera_move, cmd_camera_waymmt‘ cmd_delete_object, cmd_dumb_guy, cmd_enter_nis,
cmd_inv_changer, cmd_lgave_nis, emd_party, cmd_party_wrangler, cmd_report_gameplay_screen_player,
cmd_selection_toggle, cmd_send_world_message, cmd_steam_puzzle, cmd_texiure, dev_console, dev_path_point,
door_basic, elévator_2s_1¢_1n, elevator_2s_1c_1n_act_deact, elevator_2s Tc_2n, elevaior_2s_2¢_1n,
elevator_2s_2c_2n, elevator_2s_3c_1n, elevator_2s_4c_2n, elevator_3s_1c_1n, elevator_3s_2c_1n,
elevator_hidden_stairwell, elevator_hidden_stairwell_act_deact, elevator_instant_1c, elevator_instant_4s_1c,
fireball_emitter, fire_emitter, fire_emitter_act, generic_emitter, generic_emitter_act, glow_emitter, glow_emitter_act,
go_emitter, particle_emitter, particle_emitter_act, sound_emitter, sound_emitter_act, spark_emitter, animate_object,
camera_guake, camera_stomp, decal_fade, effect_manager, effect_manager_server, gom_effects, guts_manager,
light_colorwave, light_enable, light_flicker, light_flicker_lightweight, nodal_tex_anim, nodal_tex_swap, tsd_manager,
water_effects, generator_advanced_a2, generator_auto_object_exploding, generator_basic, generator_breakable,
generator_cage, generator_dumb_guy, generator_in_object, generator_object_exploding,
generator_object_pcontent, generator_random, activate_chapter, alignment_switcher, attach_robo, breaking_object
check_bool, check_level, check_guest, chipper, clone_preloader, enchantment_manager, experience_award,
fountain, freeze_manager, generic_accumtrigger, generic_objblock, hidden_reveal, interface_fade, msg_switch,
object_selection_toggle, on_client, play_chapter_sound, point_snapper, position_sync, respawn_shrine,
screen_report, self_destruct, set_bool, tip, vis_toggle, locked, on_off_lever, gremal_reward, spell, spell_area_effect
spell_balance, spell_body_bomb, spell_chain_attack, spell_charm, spell_damage_volume, spell_deathrain,
spell_death_explosion, spell_default, spell_fire, spell_freak spell_freeze, spell_instant_hit, spell_launch,
spell_lightning, spell_mass_control, spell_mass_enchant, spell_multiple_hit, spell_penalty, spell_polymorph,
spell_reactive_armor, spell_resurrect, spell_return_summoned, spell_status_effect, spell_summon,
spell_summon_multiple, spell_summon_random, spell_switch_alignment, spell_transmute, spell_turret, test_marker
test_timer, trapped, trp_explosion, trp_firetrap, trp_launch, trp_lightning, trp_particle, trp_trackball, minigun_magic

eended up in Skrit. (AYou probably
mention a few of them).

Looking back, we probably should have done even fewer in C++, but
content engineer didndt come

our

number of things in C++ so we just left most of them. We did end up
converting a few C++ systems, such as our spellcasting, to use this
Skrit component system though because it was so much easier.

on

canéob

boa
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Alert! Before Moving On

e Generic datastore required to continue
- INI file, config file, XML store, RIFF, all the same
- Permits generic data retrieval/storage
- DS has “gas”, think “INI with nesting + goodies"2”

e Not difficult to roll your own

- Many books/articles on this

- Probably need one for other parts of the game
anyway (i.e. you'll find uses for it no problem)

20



Static Content Layout (Code)
GoDataTemplate GoDataComponent
Componentl Fieldl
@ =
g Component2 g Field2 [R)zg
c E
@ Component3 g Field3
8= 2
E . 9 .
8 . E .
FuelHandle source TableSpec® schema (shared)
GoDataTemplate* base Skrit* object (Optional)
(Templ ate is a Opatterndé in the convent
meaning.)

There is a 1:1 correspondence between a Go and its GoDataTemplate,

and a Gobs components and the GoDataTen
GoDataComponents. And within the GoDataComponents, the fields

map 1:1 with the GoComponent public properties.
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Schema Layout (Code)

Contains / Owns

TableSpec

Fieldl e—

Field2

Field3

string name
eType type
eFlags flags
LOCALIZE
ADVANCED
QUOTED
HIDDEN
string defValue
string docs

string name, docs

22



Compile ContentDb
Part 1: Build Schema

1. Process components.gas (C++ table specs)
a. Build table specs directly from .gas spec

2. Recursively scan components base directory

for all skrit components

a. Compile each skrit

b. Build table specs from metadata in

...now we've got the schema constructed.
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Tal

C++ Component Schema (Data)

[t:component,n:gui]

doc = "Objects with GUI may be placed in inventory";
required_component* = aspect;

[inventory_icon]
{

type = string; default = b_gui_ig_i_it_def;

doc = "Bitmap displayed when dragging or in inventory";

[active_icon]

type = string; default = b_gui_ig_i_ic_def;
doc = "Bitmap displayed in quick-select window";

}

k

about how itds I mportant

t

0

have

a
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