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1: Nevit Dilmen, L-system-Airhorse, https://creativecommons.org/licenses/by-sa/3.0
2: User:Syntopia, Noise-based Terrain Generation, https://creativecommons.org/licenses/by/2.0
3: User:Chrislb, Simple markov chain, https://creativecommons.org/licenses/by-sa/3.0
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Why are we here?

PROBLEM STATEMENT: How do you combine procgen techniques to
build large-scale generative systems?
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Caves of Qud

o« Open-world, science fantasy
RPG and roguelike

“Chisel through a layer cake of

thousand-year-old civilizations.”

Handcrafted narrative +
simulative systems

-
P
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P W,
-
salt marsh

o Extensive use of procgen | |
1lies compete with the
ight sky. Under the salt
he shade of brine
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Why are we here?

PROBLEM STATEMENT: How do you combine procgen techniques to
build large-scale generative systems?

CASE STUDY: Procedurally generated villages in Caves of Qud
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Agenda

e Design context

e Broad approach

o« What makes a village?
e Jechniques we use

. *Village generation*
o« [akeaways
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Design Context

e We're making an RPG, so we take a simulative approach to design
o Perspective is limited to a player avatar
o« We value novelty in output, so we let our generators run wild
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https://www.flickr.com/photos/haljackey/6176719405

Design Context

e We're making an RPG, so we take a simulative approach to design
o Perspective is limited to a player avatar
o« We value novelty in output, so we let our generators run wild
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Design Context

Modularity is good!
o Software design perspective: decoupled modules are tractable

o Game design perspective: decoupled modules compose into varied and novel
output
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Japanese Fuji Landscape



https://www.maxpixel.net/Japan-Fuji-Landscape-Mt-Fuji-Lake-Tanuki-Mountain-2090957

Max Pixel, Japanese Fuji Landscape,

https://creativecommons.org/publicdomain/zero/1.0/deed.en



https://www.maxpixel.net/Japan-Fuji-Landscape-Mt-Fuji-Lake-Tanuki-Mountain-2090957

Broad Approach

o Generate a village over multiple steps
o Model village facets at various levels of abstraction
o Use abstract models as input to later steps
o Reify! (abstract = concrete)

e |f no abstract input is available, use defaults

o It's all about the plumbing: INPUT & OUTPUT
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What Makes a Village?

o Villagers (NPCs)
e History

o« (Geography

o Architecture

o Government

o Cultural practices
e Religion

cloo

Storytelling tradition

~urniture
~00d & drink
Proverbs

Collective & personal needs
(Quests)

Relationship with local resources
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Techniques We Use

e Population tables o Pathfinding
o Noise maps o« ECA with hand-defined prefabs
o« Wave function collapse e Inversion of control

e State machines
e Replacement grammars
e Dijkstra mapping

e« Dynamic image manipulation
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Village Generation

Design

-

Define prefabs

- Object blueprints

- Population tables

- Static factions

- Historic event templates
\- Quest templates

~N

/

World Gen
/Generate history

- Name

- Base faction

- Region

- Government (ex)
- Religion (ex)

~N

Fabrication

(
Generate culture

- Cultural practices
- Storytelling tradition

y Signature ingredients (ex)/

r = N

Resolve neighbors
- Location

- Relationship with local
sites and NPCs

\- )

- Signature dish
\_ g

\ 4

J
N

p
Generate architecture

- Style
L Map of buildings

J
4 _ < _ )
Fabricate game objects
- NPCs with dialog
- Furniture )
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AR A

carved diptych

A narrative 1is confined to the etched boundaries of
this stone, to the reductive duality of 1its form.

This object is a monument to a scene from the
history of the village Nawan:

In 790, the villagers of Nawan demanded that the
mayor abdicate and all forms of hierarchy be
abolished from their village. The two pillars of
civic life in Nawan thus became anarchy and Valator,
legendary giant dragonfly.

R

% Perfect
Iy
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World Gen
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Faction

antelopes

apes

arachnids

baboons

baetyls
Barathrumites
bears

birds
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cats

Children of Mamon
Consortium of Phyta
crabs

cragmensch

dogs

cloo
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O
0

O
O

O

ESC or 5 to exat

Antelopes don't care about
you, but aggressive ones
will attack you.

You aren't welcome 1in
their holy places.

Antelopes are -1interested
in trading secrets about
the locations of water
weeps, the locations of
cat lairs, and sultans
they admire or despise.
They're also interested 1in
hearing gossip that's
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["*terrainFragment* <spice.commonPhrases.people.!random> <spice.commonPhrases.gather.!random> in <spice.commonPhrases.reverence.!random> of *sacredThing*",
"<spice.commonPhrases.people. !random> <spice.commonPhrases.gather.!random> *terrainFragment* in <spice.commonPhrases.reverence.!random> of *sacredThing*",
"*terrainFragment* <spice.commonPhrases.people.!random> <spice.commonPhrases.gather.!random> to <spice.commonPhrases.profane.!random> *profaneThing*",
"<spice.commonPhrases.people. !random> <spice.commonPhrases.gather.!random> *terrainFragment* to <spice.commonPhrases.profane.!random> *profaneThing*",

"*terrainFragment* there's a <spice.commonPhrases.gathering.!random> of *faction* and their <spice.commonPhrases.kin.!random>",

“there's a <spice.commonPhrases.gathering.!random> of *faction* and their <spice.commonPhrases.kin.!random> *terrainFragment*"],

Generate
History

: Resolve
: . Neighbor
‘ ' Relationships
[ "because of the *ArableLand* nearby”],
[ "finding *ArableLand* for those who love *SacredThing*"],
: ["those who oppose *ArableLand* and *SacredThing*" ] Generate
1, Culture
{
: ["to escape persecution from those who despise *SacredThing*"], Gengrate
| "escaping persecution for loving *SacredThing*"], Architecture
: ["the persecutors of those who love *SacredThing*"]
b 4 Fabricate
{ Game
[ “for the contemplation of *SacredThing*“], Objects
[“the contemplation of *SacredThing*"],
: ["profaning *SacredThing*"]
Js
{
["to defend *SacredThing* and the practice of *Activity*"],
: ["defending *sacredThing*"], . .
: ["attacking *SacredThing*"] Fabrlcathn
¥s

-]
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villageSnapshot
M Name

H TechTier

H Tier

@ TechTier

@ Tier

@ entity

@ listProperties
& profaneThing

et

L VIR VI VB VB VB VB VB VB L VR VI VIR VR VR ¢

b

properties

[type’]
["name"]

["region”]

[“tier"]

[“techTier"]
["villagerPopulation™]
["baseFaction"”]
["reasonForFounding”]
["defaultSacredThing"]
["defaultProfaneThing"]
["governor”]
["signatureDishName"]
["proverb"]

["zonelD"]

Raw View

H sacredThing
@ villagerBaseFaction

"---snapshot
“Iravuh”

1
{HistoryKit.HistoricEntity}
Count=10

"those who would harm Somsatashi, legendary feral dog"

Count=14

"village™

“Iravuh”

"DesertCanyon”

nqm

nom

"nonHumanoid"

"Equines”

“monastery”

"the contemplation of abundant food"
"profaning the act of procreating”
"the mayor”

"Abundant's Slaw"

“Live and drink.”
"JoppaWorld.18.9.1.1.10"
Count=14

"Somsatashi, legendary feral dog"
"Joppa”
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World Gen
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Generate
History

Resolve
Neighbor
Relationships

Generate

carved diptych Culture

A narrative is confined to the etched boundaries of

this stone, to the reductive duality of its form. Generate

Architecture

This object is a monument to a scene from the
history of the village Nawan: Fabricate
Game

In 790, the villagers of Nawan demanded that the Objects
mayor abdicate and all forms of hierarchy be
abolished from their village. The two pillars of
civic life in Nawan thus became anarchy and Valator,
legendary giant dragonfly.

fI!FEI!?EHFH!FEHFEHFH.i‘E! -
% Hais Fabrication
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Jungle DefaultJoppaCell TerrainJungle
10 0-2 0-2 Jungle
Jungle low
FactionEncounters GenericFactionPopulation
Music Overworldl 10

11-15 0-2 0-2 Subterranean Jungle

Strata

ZoneTemplate:JungleCaves

PossibleCryotube

FactionEncounters GenericFactionPopulation
Music Overworldl 10
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World Gen

Generate

seteEntityProperty("worships creature”, "*Worships.LegendaryCreature®*"); History
addentityListItem("sacredThings”, "*Worships.LegendaryCreature.DisplayName®");

addentityListItem("profaneThings”, ExpandString(”<spice.commonPhrases.profanity.!random> toward *Worships.LegendaryCreature.DisplayName*®")); Iqe§C”Ve
addentityListItem("itemAdjectiveRoots™, "*Worships.LegendaryCreature.ShortDisplayName®"); Neighbor

Relationships

gospel = .Format(
“The villagers of {@} laid offerings at the feet of {1} in exchange for {2} about {3}.|{4}", Generate
snapVillage.GetProperty(“name™), Culture
"*Worships.LegendaryCreature.DisplayName*",
ExpandString(“<spice.commonPhrases.wisdom. !random>"), Generate
sacredThing, Architecture
id

)3 Fabricate

Game
. Objects

addentityListItem("Gospels”™, gospel);

Fabrication
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World Gen
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addentityListItem("profaneThings”, ExpandString(”<spice.commonPhrases.profanity.!random> toward *Worships.LegendaryCreature.DisplayName*®"));
addentityListItem("itemAdjectiveRoots™, "*Worships.LegendaryCreature.ShortDisplayName®");
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gospel = .Format(
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snapVillage.GetProperty(“name™), Culture
"*Worships.LegendaryCreature.DisplayName*",
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A narrative is confined to the etched boundaries of

this stone, to the reductive duality of its form. Generate

Architecture

This object is a monument to a scene from the
history of the village Nawan: Fabricate
Game
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In 790, the villagers of Nawan demanded that the Objects
mayor abdicate and all forms of hierarchy be
abolished from their village. The two pillars of
civic life in Nawan thus became anarchy and Valator,
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Torchpost NotakeFurniture

Render torch sconce

Physics 13 false
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LightSource true 6
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NavigationWeight 95
LightSource

World Gen

Generate
History

Resolve
Neighbor
Relationships

Generate
Culture

Generate
Architecture

Fabricate

Game
Objects

Fabrication

MARCH 18-22, 2019 | #GDC19




World Gen

4 N\
Map of
. bUI'dlngS | Senerate
. istory
[ Fa brlcate Furnlshed Resolve
Seed ] Neighbor
Ga m e and Relationships
. pOpL”ated enerate
[Vlllage history ] ObJeCtS Vi”age map (C;ulturet
'I‘ 'I‘ 'I‘ Generate
rchitecture
[Signature dish] Ao
Fabricate
................................. e, Game
Object : i Regional Objects

Blueprints :: Populations

* * * *
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Fabrication

MARCH 18-22, 2019 | #GDC19



World Gen

R R R R PR AR A

Generate
History

Resolve
Neighbor
Relationships

Generate
carved diptych Culture

A narrative is confined to the etched boundaries of

this stone, to the reductive duality of its form. Generate

Architecture

This object i1s a monument to a scene from the
history of the village Nawan: Fabricate
Game

In 790, the villagers of Nawan demanded that the ()bjects
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earth, let it always be so.
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Queen Ptebesis the Great

Welcome to the village of Qalep, adventurer. Here you will find shade
and vittle, along with other provisions to help you better scour
the rust-caves for treasure. Come what may, you may drink of our

Resorbing matter is no way to bless the queen.
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Takeaways

e Think carefully about your design context

e Lean into modularity

o Use abstraction to your advantage

o Parameterize your modules

o Build expressive tools like population tables
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