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Abstract. Video world models have shown immense promise for inter-
active simulation and entertainment, but current systems still struggle
with two important aspects of interactivity: user control over the en-
vironment for reproducible, editable experiences, and shared inference
where players hold influence over a common world. To address these lim-
itations, we introduce an explicit external memory into the system, a
persistent state operating independent of the model’s context window,
that is continually updated by user actions and queried throughout the
generation roll-out. Unlike conventional diffusion game engines that op-
erate as next-frame predictors, our approach decomposes generation into
Memory, Observation, and Dynamics modules. This design gives users di-
rect, editable control over environment structure via an editable memory
representation, and it naturally extends to real-time multiplayer rollouts
with coherent viewpoints and consistent cross-player interactions.
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1 Introduction

Recent advances in generative models have made real-time, action-controllable
video generation increasingly practical, enabling interactive rollouts that resem-
ble explorable |[2}/7,21-24.|48|/52]. However, most video world models are still
fundamentally single-user experiences [9,41,[83,[90]: they generate the world on
the fly with only implicit internal state, making it difficult to support shared
worlds where multiple players can reliably interact through a common underly-
ing state. In parallel, the same limitation restricts control: creators have little
ability to specify the structure of an environment up front, and long rollouts can
become hard to steer, hard to reproduce, and misaligned with user intent.

We argue that both multiplayer interactivity and environment authoring
point to a missing primitive: an explicit external memory that persists be-
yond the model’s context window and is updated by user actions. With external
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Fig.1: Level Design via Editable Memory. Users define a level through coarse
2D geometry (left). During inference, the diffusion model generates first-person obser-
vations consistent with the top-down level layout (right).

memory, multiple agents can read and write a shared state to support consis-
tent cross-viewpoint interaction, and users can directly edit the state to con-
trol global structure. In this paper, we introduce a memory-augmented diffusion
world model that leverages this idea for real-time interactive generation.

We use Doom [34] as a controlled but expressive testbed. Doom offers rich
first-person dynamics while retaining a clear notion of level layout, making it
well suited for studying shared, long-horizon rollouts. To provide a simple and
general interface for environment control, we represent world structure as a top-
down 2D minimap that can be authored or edited before interaction begins.
This minimap serves as an external memory blueprint that anchors generation
while leaving the model free to synthesize detailed observations and moment-to-
moment interactions.

Implementing external memory requires moving beyond the single-model
paradigm used by prior diffusion game engines |2}7)9,48/521/68//83/)90]. Instead, we
decompose the system into three specialized modules: Memory, Observation,
and Dynamics. The memory module maintains a persistent state (including the
minimap and agent states). The observation module generates the next visual
observation conditioned on the memory readout and recent history. The dynam-
ics module updates state given actions and observations. This separation makes
long-horizon structure easier to maintain and, critically, enables multiplayer in
a natural way: multiple agents act on the same shared memory, and the model
can render coherent observations from one or more viewpoints with interaction
effects between players.

Together, these choices support (i) real-time multiplayer rollouts grounded
in shared external memory, and (ii) a simple level-design workflow where
users specify or edit a minimap and obtain consistent, reproducible interactive
sessions. In summary, our contributions are:

— We introduce an external-memory-based formulation for diffusion world mod-
els that supports shared state updates from user actions, enabling consistent
long-horizon interactive rollouts.
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