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What's generative infinite game?

e Generative: All the game environments, character states, character

actions are encapsulated with generative models.

Environment

State

Action and
Interaction

Google

————

——

\&

Archibus the Wizard
gives feedback to his
students, pointing out
their strengths and
areas for improvement.

Archibus eats the plate
of pears sitting on the
flowery meadows. He is
content and full, but
feels slightly bored.

He is getting hungry.

—

I tell Archibus to go to
the flowery meadows
and forage for pears.

| —

Archibus, let's head
back to the classroom

- to study arcane magic.

Back to the classroom.
Archibus the Wizard
opens up a dusty book,
causing the room to
hum with arcane
energy. What next?

——

Archibus let’s go sleep,

- it's getting late.
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What's generative infinite game?

e Generative: All the game environments, character states, character
actions are encapsulated with generative models.

e Infinite: “played for the purpose of continuing the play”, with no fixed
boundaries and evolving rules.

Environment

State

Action and
Interaction

Google

————

————

——

\Q

Archibus the Wizard Archibus eats the plate
gives feedback to his of pears sitting on the

students, pointing out flowery meadows. He is
their strengths and content and full, but
areas for improvement. feels slightly bored.

He is getting hungry.

J\Q —

I tell Archibus to go to . Archibus, let's head . ; ,
. the flowery meadows back to the classroom ﬁfg;ﬁ:g faieg o>ese,
and forage for pears. - to study arcane magic. - i
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Main Components

e Real-time controllable text-to-image generation model capable of maintaining
character consistency and environment consistency throughout the
generative game
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Main Components

e Real-time controllable text-to-image generation model capable of maintaining
character consistency and environment consistency throughout the

generative game
e Alarge language model acts as game engine for interactive user experience
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Controllable Text-to-Image Generation

(a) Overall Framework

e Latent consistency model for S —
. — Dreamboth LoRA
feW'Step |nference = Regional IP-Adapter

e Dreambooth for
character consistency

Beneath the
E desert cky, (]
witch coaxec...
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Controllable Text-to-Image Generation

e Dynamic regional IP-Adapter (c) Regional IP-Adapter
[ i - Character Block Drop e
Wlth bIOCk drop to mltlgate Cross-—r;;(ttention r E|PAdaptert EA?groebé?ggsté:gp c * S
. nVIror;meerrl ; Up blocks: Keep ™
interference. Y passper | )T -él
Beneath the P
s ? = 4%
Dynamic Mask
7
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Controllable Text-to-Image Generation

Google

Dynamic regional IP-Adapter
with block drop to mitigate
interference.

Regional: Apply condition to
relative region instead of full
image.

(c) Regional IP-Adapter

Character Block Drop
Text r-~__IP-Adapter Down blocks: Drop /]
Cross-Attention : =;-- | Middle blocks: Keep
Environment '] Up blocks: Keep
IP- Adapter g i

Beneath the

1
desert cky, [V] ,:'i il
witch coaxeg... !

Dynamic Mask
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Controllable Text-to-Image Generation

Google

Dynamic regional IP-Adapter
with block drop to mitigate
interference.

Regional: Apply condition to
relative region instead of full
image.

Dynamic: The region mask is
dynamically extracted from
cross-attention layers.

(c) Regional IP-Adapter

Text
Cross-Attention

[

Beneath the
desert cky, [V]

witch coaxes...

(b) Dynamlc Mask

Character
|P-Adapter

Environment
|P-Adapter

7?:5

Block Drop
Down blocks: Drop
Middle blocks: Keep

{ Up blocks: Keep

---------

Dyn

amic Mask
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Controllable Text-to-Image Generation

e Dynamic regional IP-Adapter | (c) Regional IP-Adapter
with block drop to mitigate  an eaceper_| Q) |oom s orop |
. Cross-Attention T 5 Bﬂédg::ctln(l::c&; L()eep
interference. [ | i [T

. g Beneath the .

e Regional: Apply condition to ity 1] ? E ;..i. n
relative region instead of full
image.

(b) Dynamlc Mask

e Dynamic: The region mask is
dynamically extracted from

[V] witch coaxes the cacti to bloscom with vibrant, glowing flowers

cross-attention layers. s § § % ‘ ;ﬁ:‘
e Block Drop: Drop blocks with low iR Ll I *
Down Block Mid Block Up Blocks

quality masks
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Controllable Text-to-lmage Generation

Google

Dynamic regional IP-Adapter
with block drop to mitigate
interference.

Regional: Apply condition to
relative region instead of full
image.

Dynamic: The region mask is
dynamically extracted from
cross-attention layers.

Block Drop: Drop blocks with low
quality masks

(c) Regional IP-Adapter

Block Drop

Character
Text r-~__IP-Adapter Down blocks: Drop N
Middle blocks: Keep |

Cross-Attention ; i
Environment | Up blocks: Keep
I P Adapter g

Beneath the ? 5

desert sky, [V]
No Condition

witch coaxeg...

Dynamic Mask

+ Regional

Character Environment IP-Adapter +Block Drop IP-Adapter

[V] dog playfully chased its tail under the sway of hanging lanterns, cobblestone paths slightly vibrating with u n robot.

MU

s it climbs the narrow, winding

ky wooden steps, each one groaning louder
staircase of the haunted castle.

[V] dog cautiously ascends the crea
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Evaluation -- Comparison with Previous Approach

e Evaluation dataset: 5,000 (character image, environment description,
text prompt) triplets
e FEvaluation metrics: CLIP, DINO, DreamSim
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Evaluation -- Comparison with Previous Approach

e Evaluation dataset: 5,000 (character image, environment description,
text prompt) triplets
e FEvaluation metrics: CLIP, DINO, DreamSim

Mithods Environment Consistency Character Consistency Semantic Alignment
CLIP-I” + DINOF¥ 1t DreamSim? | CLIP-I®1 DINO® 4 DreamSim® | CLIP-T t

IP-Adapter (Ye et al., 2023) 0.470 0.381 0.595 0.366 0.139 0.832 0.168

IP-Adapter-Instruct (Rowles et al., 2024) 0.334 0.151 0.832 0.246 0.124 0.872 0.098

StoryDiffusion (Zhou et al., 2024¢c) 0.528 0.257 0.733 0.629 0.464 0.545 0.242
Ours 0.563 0.322 0.675 0.676 0.470 0.488 0.242 |

e Our approach consistently outperforms previous approach in
maintaining environment consistency and character consistency,
while achieving comparable performance in maintaining semantic
alignment.
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Evaluation -- Effectiveness of Regional IP-Adapter

No Block  Regional Seiile Environment Consistency Character Consistency Alignment
Drop IP-Adapter CLIP-I® ¢+ DINOf 1+ DreamSim? | CLIP-I®{ DINO®{ DreamSim® | CLIP-T 1
1. X X 1.0 0.123 0.111 0.885 0.073 0.024 0.973 0.034
2. v X 1.0 0.414 0.331 0.647 0.337 0.147 0.832 0.149
3 v v 10 0.563 0.322 0.675 0.676 0.470 0.438 0.242
4. X X 0.5 0.470 0.381 0.595 0.366 0.139 0.832 0.168
5. v X 0.5 0.577 0.332 0.640 0.627 0.374 0.575 0.252
6. v v 0.5 0.549 0.263 0.726 0.705 0.514 0.450 0.246

Google

e Adding block drop improves both environment and character

consistency compared with multi-IP-Adapter.
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Evaluation -- Effectiveness of Regional IP-Adapter

No Block  Regional Seiile Environment Consistency Character Consistency Alignment
Drop IP-Adapter CLIP-I® ¢+ DINOf 1+ DreamSim? | CLIP-I®{ DINO®{ DreamSim® | CLIP-T 1
1. X X 1.0 0.123 0.111 0.885 0.073 0.024 0.973 0.034
2. v X 1.0 0.414 0.331 0.647 0.337 0.147 0.832 0.149
3. v v 1.0 0.563 0.322 0.675 0.676 0.470 0.488 0.242
4. X X 0.5 0.470 0.381 0.595 0.366 0.139 0.832 0.168
5. v X 0.5 0.577 0.332 0.640 0.627 0.374 0.575 0.252
6. v v 0.5 0.549 0.263 0.726 0.705 0.514 0.450 0.246

Google

e Adding block drop improves both environment and character

consistency compared with multi-IP-Adapter.
e Our regional IP-Adapter enhances character consistency and text
alignment while maintaining comparable performance in environment

consistency.
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Evaluation -- Effectiveness of Regional IP-Adapter

No Block  Regional Seiile Environment Consistency Character Consistency Alignment
Drop IP-Adapter CLIP-I® ¢+ DINOf 1+ DreamSim? | CLIP-I®{ DINO®{ DreamSim® | CLIP-T 1
1. X X 1.0 0.123 0.111 0.885 0.073 0.024 0.973 0.034
2. v X 1.0 0.414 0.331 0.647 0.337 0.147 0.832 0.149
| 3. v v 1.0 0.563 0.322 0.675 0.676 0.470 0.488 0.242 |
4. X X 0.5 0.470 0.381 0.595 0.366 0.139 0.832 0.168
5. v X 0.5 0.577 0.332 0.640 0.627 0.374 0.575 0.252
% 4 4 0.5 0.549 0.263 0.726 0.705 0.514 0.450 0.246 |

e Injecting IP-Adapter with different scale can effectively balance
character consistency and environment consistency.
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Evaluation

Google

-- Qualitative Examples

i
Character  Environment | Story Diffusion IP-Adapter IP-Adapter-Instruct Ours

; [V] witch raised her hands and the twisted trunks unwound, their branches
i
i
|
|
i
i
I

stretching towards the sky, making the glowing leaves sparkle in the twilight.

oY N AN /4

I
1]
|
|
i
Environment Consistency i X
|
|
|
|
|

Character Consistency b 4 X X
Semantic Alignment X X

[V] wizard kneels by the pond, casting a spell. The water's surface ripples, reflecting
amyriad of colors from the luminescent flowers surrounding the clearing.

Environment Consistency
Character Consistency

Semantic Alignment

Amidst the strange rock formations, [V] panda finds a hidden grove filled with
glowing, otherworldly flora.

Environment Consistency X
Character Consistency
Semantic Alignment
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LLM as Game Engine

e Game Engine

Environment control
Coherent story generation
Game mechanics

Prompt rewriting

O O O O

Google

Game Setup Unbounded choices
with instructions
@ User instruction input 1 &) [ Hunt the dragon!
Character Action

Step1: User input character
and game topic.

) 1 —4 [ o buy potion.
o —— ) 5 <
Qm=: (& : J
Entering the forect... Exploring..  Encounter phe Dragon!
Brafpch 1 Brapch2 _...Bralch T

( Hunt the dragon! 6o 1o the village to buy some magic potions. |

Fimy

witch. Topic: Dragon
Hunting.

Step2: Game Environment
Generation

forest
‘

|
|
i
|
|
|

|

i

|

|

|

|

i

i
Character: A young !
|

|

|

|

i

|

|

|

|

i

|

i

|

|

i

Fighting with magic  Dragon retreat

Rest & have food.| {Explore the pond.|

Rect and eat

Buy potion Have food
Continued...

mountain
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LLM as Game Engine

e Game Engine

o Environment control

o Coherent story generation
o Game mechanics

o  Prompt rewriting

e Distill Gemma-2B for
real-time interactive response

Google

Game Setup
@ User instruction input
Character Action

Step1: User input character
and game topic.

Character: A young

witch. Topic: Dragon
Hunting.

Step2: Game Environment
Generation

mountain

Generated

Topic Pool LLM Topics

E _Lg Sample O.9]) Generation §~_
By : E
} A = Filter
=y

Rouge-L Filter

(a) Topic Collection

Unbounded choices
with instructions

Rect and eat

Brdihz _..Bralch T

6o to the village to buy some magic potions.

Buy potion Have food

Go to pond
Continued...

Topic Pool World LLM _Simulation Data
/) — Anl. i T
BS 7 i6ame Envwonrr.\en
E_r — A B — % Character Action

= o= @) Game Mechanics

(b) User-Simulation Data Collection
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LLM as Game Engine

e Game Engine

Environment control
Coherent story generation
Game mechanics

o  Prompt rewriting

e Distill Gemma-2B for

real-time interactive response

e Data collection

o Diverse topic collection

o  Multi-round interaction data
between the world simulation
LLM and the user LLM.

o O O

Google

Game Setup -‘ Unbounded choices
with instructions

@ User instruction input
Character Action

Step1: User input character

and game topic. | A — s y ™ ‘
9 plc. | Entering the forest... xploFing... ncounter the Dragon!

Character: A young ! Brafich 1 Brdpch 2 Bealch T

witch. Topic: Dragon )

i t |
Hunting. I Hunt the dragon!

Step2: Game Environment
Generation

=]
Go to pond Buy potion Have food
Continued...

Generated  1onic pool  World LLM

Topic Pool Iopics 42 Game Environment

ES
B Sample ©O_2]) Generation E E}E — A D — %Char‘ac?ar Action
= 3

=
z

E—E.E G * @) Game Mechanics
} A = Filter
= (@F® Continue Current Action ‘
Rouge-L Filter @) Explore Environments - |

(a) Topic Collection (b) User-Simulation Data Collection
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Evaluation -- Comparison with Large Models

e Evaluation dataset: 100 user-simulator interaction samples
e Evaluation metrics: GPT-4 as judge
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Evaluation -- Comparison with Large Models

e Evaluation dataset: 100 user-simulator interaction samples
e Evaluation metrics: GPT-4 as judge

State Environment Story Instruction
Model Overall Update Relevance Coherence Following
Base Ours Base Ours Base Ours Base Ours Base Ours
Gemma-2B (Team et al., 2024) 622 744 560 747 6.12 794 634 1757 643 17.67
Gemma-7B (Team et al., 2024) 680 739 629 743 7.07 791 690 748 6.89 17.53
Llama3.2-3B (Meta, 2024) 721 1750 686 738 763 793 736 756 731 7.67
Ours-1k 7.65 7.8 750 7.74 810 819 778 793 782 17.97
GPT-40 (OpenAl, 2023) 776 768 7.69 766 820 810 795 782 1785 782

Google

Distillation with 5k data achieves comparable performance to

GPT-4o0.
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Summary
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Thank you!

Project Website: https://generative-infinite-game.github.io/

If you have any questions, please contact jialuli@cs.unc.edu.
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