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Figure 1: Elemental Alchemist takes scene context and user intent into account to enable semantic control. It generates a
contextual brush palette with scene-aware tools for applying sketch-based semantic edits. From a user’s sketch or text prompt,
it generates a control panel that decomposes intent into synchronized controls across three abstraction levels: conceptual,
semantic, and technical. Together, these components help translate high-level creative goals into low-level parameter edits.

Abstract

Editing particle-system visual effects (VFX) is vital for digital sto-
rytelling, but achieving controllable, art-directable results remains
challenging due to their multi-dimensional nature. Given a large
collection of parameters, users must find the ones relevant to their
creative goals—a task that requires a systematic understanding of
the particle system and how parameters map to high-level intents,
such as making a fire look angry. Elemental Alchemist is a gen-
erative interface that transforms user intent into contextualized
controls for semantic editing of particle systems. The system intro-
duces two components: a contextual brush palette that generates
tools based on scene context, and a generative control panel that
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surfaces relevant technical parameters and abstracts them to gener-
ate mid-level semantic attributes and high-level conceptual controls.
An evaluation with 10 novice and 5 expert VFX practitioners shows
the system supported users in translating high-level creative goals
into particle system parameters.
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1 Introduction

Particle-based visual e ects (VFX) are fundamental to digital story-
telling. Spanning natural phenomena such as re and water, as well
as fantastical elements like magic, they contribute realism, atmo-
sphere, and spectacle. Even when used decoratively, particle e ects
are rarely incidental; they are guided by the vision of storytellers
like creative directors and VFX artists, and play an essential role in
shaping the ambience and narrative meaning.

Yet, designing, editing, and controlling particle e ects remains
challenging, speci cally technically demanding. Designers think
in semantic goals e.g., make the re look angry or direct the
re towards the tent but must work through low-level parame-
ters (emission rate, velocity theta, particle lifetime, etc.). Bridging
this semantic parametric gap is di cult: parameters have opaque
names, contribute in indirect ways, and often force reliance on
trial-and-error, leading tdimited controllabilityas designers re-
main uncertain which controls, values, or ranges will achieve their
goals. As a result, novices face a steep learning curve siney-
gle with art-directabilitytranslating creative visions into concrete
parameter adjustments.

Addressing these challenges requires VFX tools to be scene-

speci ¢, allowing designers to work directly on what they see rather
than navigating generic options. Additionally, controls should en-
able smooth transition between broad, high-level concepts (like
make it playful ) and ne-grained details (like adjusting a speci c
velocity value), while keeping those layers of control consistent
with one another.

Guided by these design requirements, we present Elemental
Alchemist, a generative interface for semantic control of particle
e ects. The system introduces two components: (1) a contextual
brush palette that generates scene-aware brush tools, allowing
users to express scene-based intentions, for example, pushing re-
works with a gust of wind or reducing a burst near a rooftop. These
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(2) A mechanism for generating controls at multiple levels of
abstraction, with synchronization of controls across the ab-
straction levels.

(3) Implications and empirical ndings from two user studies
with both novice users (n=10) and experts (n=5) that demon-
strate how generative interfaces support creative control
over particle e ects.

Our ndings show that the system supported novices in rapidly
translating high-level creative goals into particle system parameters,
while also sca olding their spatial reasoning and enabling intuitive
exploration. Novices adopted three distinct prompting strategies
outcome-oriented, work ow-oriented, and tool-oriented but found
mid-level abstract controls to be the most e ective entry point, u-
idly moving up or down to high- and low-level controls as needed.
Experts appreciated the system's ability to translate intentions, |-
ter parameters, and generate hierarchical controls that aligned with
their existing work ows, while highlighting its potential to bridge
communication gaps between technical and creative stakeholders.

2 Related Work

To situate this work, we draw upon three areas: particle e ect
design tools, which establish interaction paradigms for this domain;
generative user interfaces, which demonstrate that interfaces can be
generated from context; and ladders of abstraction, which provide
a conceptual foundation for multi-level control.

2.1 Particle System Designing Tools

Particle e ects have long been central to digital storytelling and
visual expression, since early work on particle systems [50]. Com-
mercial authoring environments such as Houdini, Maya Bifrost,
Unity, and Unreal Engine have provided node-based interfaces and
solver primitives for professional-grade e ect creatioB,[22 56 63.

brushes are generated dynamically based on the scene, ensuringVVhile powerful, these tools remain parameter-heavy and demand
that the available tools remain relevant and interpretable; and (2) a deep technical expertise.

generated control panel that translates a user text prompt into a
hierarchy of controls spanning three levels of abstraction: concep-
tual, semantic, and technical. For example, given a natural language
goal make it more playful, the system generates high-level con-
ceptual controls vibrancy and movement stylewhich are then
decomposed into mid-level attributes such apacity variation
burst timing andmovement variabilityThese mid-level attributes
are linked to low-level technical parameters likenission ratand
velocity thetaChanges at the high level update mid and low level
parameters automatically, while adjustments at the mid or low
levels are synchronously re ected upward to maintain coherence.
Together, these components allow users to create e ects using de-
scriptive, meaning-based terms that match how they are imagined,
while also giving them the exibility to intervene at any level of
abstraction. At the same time, all controls are grounded in pre-
cise, low-level parameters of a deterministic, parameterized particle
system engine.

This work makes three contributions:

(1) The design and development &emental Alchemisa gen-
erative interface for semantic control of particle systems, a
highly parametric creative domain.

Prior work has explored alternative interaction paradigms to
reduce barriers to expressivity and control in digital creation. Draco
and Kitty introduced kinetic textures, enabling users to animate
illustrations by sketching motion elds that de ne movement pat-
terns [35 36. Energy Brushes extended the painting metaphor
to elemental dynamics such as re, smoke, and splashes, allow-
ing artists to specify underlying forces through broad strokes that
drive particle behaviors [71]. RealityCanvas brought this painting
metaphor into spatial contexts, supporting embodied sketching of
animations in physical space and enabling improvisational explo-
ration in situ [68§. MagicalHands further demonstrated the potential
of mid-air gestures for particle control, focusing on embodied in-
teraction within immersive environments?]. Building on these
metaphors of brush tools and energy-based design for particle ef-
fects, our work advances this direction by generating brush tools
dynamically based on scene context such as the particles, objects,
and energies currently present in the scene.

Most recently, KinemaFX reframed the challenge of designing
particle e ects as a search problem, combining semantic descrip-
tions and kinematic abstractions to enable users to explore large
libraries of pre-made e ects{J. After nding suitable e ects, users
compose them using xed transformation controls position, scale,
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rotation, speed, and delay that determine where and when e ects
appear. Prior work has also explored model-guided exploration of
parameterized design spaces: Design Adjectivieh ¢nables users

to train semantic descriptors that guide gallery-based navigation,
and Sequential Gallery3[7] reduces high-dimensional parameter
tuning to sequential selection tasks through Bayesian optimization.
Our work builds upon earlier sketch-based metaphors for parti-
cle control [35 36 68 71] and semantic approaches to procedural
content [46 57, 73. While prior work introduced expressive input
modalities and semantic search, our work supports designers in
working with tools tailored to their current scene and intent while
navigating uidly between conceptual and technical levels.

2.2 Generative and Dynamic User Interface

Generative User Interface Early work exploring generative
User Interface (Ul), such as SUPPRH gnd the Personal Universal
Controller [47], focused on automatically generating cross-device
interfaces and adapting them to user or device constraints. More
recent e orts have shifted toward generative Ul for task-speci c
work. Malleable Overview Detail Interfaces4q allow end-users to
customize interfaces for content, composition, and layout, including
Al-assisted attributes that support information foraging and sense-
making. Jelly [11] uses large language models to infer task-driven
data schemas mapped to interface speci cations. Chen etl§. [
generate interactive Uls as responses to user queries, replacing
static text output with task-speci c experiences. Patchviend
supports LLM-powered worldbuilding by letting users visually or-
ganize, steer, and correct generated story elements relative to user-
de ned concepts. These systems generate Ul to support interaction
with generated or structured content; our work generates Ul as a
control mechanisihat lets users manipulate high-level conceptual
ideas and low-level system parameters.

Surfacing Relevant Controls . Earlier work established prece-
dents for automatically generated and contextually surfaced con-
trols. Juxtaposedd demonstrated that control interfaces could
be auto-generated from code annotations for runtime parameter
tuning, enabling designers to explore alternatives without manual
Ul development. CommunityCommand43 showed that relevant
functionality could be surfaced based on community usage pat-
terns, anticipating context-aware approaches to discoverability.
TextAlive [34 generates GUI widgets from code annotations for
live programming of kinetic typography templates. These works
required code annotations to surface controls.

More recent work has focused on surfacing relevant param-
eters based on user input: DynaVi§4 synthesizes persistent
widgets tied to visualization properties after natural language ed-
its, BISCUIT 19 sca olds code exploration in notebooks through
ephemeral Uls mapped to program variables, WaitGPQ frans-
forms LLM-generated data analysis code into interactive operation
diagrams for code comprehension, DataWir{ lets users cus-
tomize SVG visualizations through natural language commands
that specify concrete modi cations (e.g., make the bars thinner),
and Spellburst I] surfaces code variables as sliders for re ning
LLM-generated creative code.

Though situated in di erent application areas, these systems
enhance control over artifacts by exposing relevant parameters.
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However, these works require users to specify at the system param-
eter level rather than through high-level creative goals (e.g., make
the text feel more energetic or make the re look angry ). Nar-
rative Motion Blocks f] identi es this gap, noting the disconnect
between semantic intent and low-level software operations; the sys-
tem surfaces relevant parameter controls based on semantic actions
speci ed by the user (e.g., roll, jump), notrequiring users to spec-
ify at the system parameter level. However, the surfaced controls
remain at the system parameter level. We build on this direction by
allowing users to specify intent at any level of abstraction from
high-level concepts to low-level system parameters generating
controls at each level of abstraction, and enabling control at each
level by maintaining synchronization during interaction.

Controls Generation for Latent Space Exploration. With the
rise of generative Al, exploring interactions with latent spaces has
become a central focus in HCI and Al research. A common approach
is to use slider-based Uls that map directly to latent dimensions,
allowing users to adjust the strength of edits numerically. Exam-
ples include Concept Slider7 and Adaptive Sliders33, which
allow users to steer latent representations along meaningful axes.
Such sliders have been used to manipulate global attributes (e.g.
facial features), re ne localized modi cations through inpainting
or attention control, and traverse design spaces in domains like
fashion creativity P1]. Latent-space steering has also extended into
traditionally deterministic domains such as musié¢]] and font
design p1]. Other work has extended latent interaction beyond
sliders, for instance through prompt re nement systems like Promp-
tify and PromptCharm ¥, 66, prompt-mixing approaches such
as PromptPaint17], sketch-conditioned generation like Sketch-
Flex 40, or structured design-space exploration and sensemak-
ing [58 59. These systems demonstrate the richness of latent inter-
action by leveraging the fact that semantic abstractions naturally
emerge from learned embeddings. While latent-space approaches to
particle systems are conceivable, they inherit the opacity of learned
representations users steer along latent dimensions without vis-
ibility into which parameters change or why. Our work instead
constructs explicit semantic hierarchies over the deterministic pa-
rameter space, providing transparent, named controls with trace-
able propagation. For such systems, abstractions must be explicitly
constructed, making multi-level control critical: users need to u-
idly navigate between high-level concepts (e.g., angry or chaotic)
and low-level parameters (e.g., particle mass or velocity). Even in
latent space work, multi-level abstraction control has not been
addressed dimensions are typically formed directly from user in-
tent rather than decomposed into levels. While LLMs have shown
potential for generating high-level concept$§, it remains un-
clear how to synchronize such generated concepts with simulation
parameters in deterministic spaces.

By demonstrating with particle systems, we o er an initial ex-
ploration of how generative Ul ideas might apply to determinis-
tic parametric authoring. Speci cally, we generate controls at the
high-level conceptual level, mid-level semantic attribute level, and
low-level technical parameter level, maintaining synchronization
across them.
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2.3 Ladder of Abstraction

The ladder of abstraction was rstintroduced in the bodlanguage

in Thought and Actioras a way to describe how language shifts
between general ideas and speci ¢ instanc8g][ At the top of the
ladder sit abstract concepts that capture broad categories, while
at the bottom are concrete terms tied to tangible examples. This
notion has since become a useful lens for understanding how people
reason, communicate, and design representations.

In HCI, the concept gained traction through Pad++'s zoomable
interfaces and the idea of semantic zoomirfg, [as well as Victor's
widely read illustrations of representational shift§f. Building
on this framing, researchers have applied abstraction ladders to di-
verse domains, particularly in education to sca old transitions from
iconic to symbolic forms $2. Several recent systems explicitly op-
erationalize these ideas. WritLarg67] supports transitions across
semantic, structural, and temporal axes within a digital whiteboard,
enabling users to uidly zoom between di erent representational
layers. WorldSmith 2Q allows users to edit game worlds at dif-
ferent scales, from global layouts down to tile-level re nements.
EchoLadder3Z extends this to immersive VR scene design, where
users progressively re ne Al-generated suggestions at varied levels
of abstraction and spatial speci city. These works demonstrate the
versatility of the ladder in helping people navigate complexity by
situating their activity at di erent levels of generality.

Malleable Overview Detail Interfaces4q, Sensecapesf, and
Luminate Bg go further by enabling users to e ectivelyauthor
their own ladders of abstractiatynamically surfacing or generating
attributes and reorganizing views to match the task at hand. To-
gether, these works suggest a shift toward dynamic and user-driven
ladders of abstraction.

Shneiderman %9 proposed multi-layer interface design as a
strategy for managing complexity, where users begin with a limited
feature set and progress to higher layers as needed. Multi-layer
designs organize features into prede ned sequences and govern
featureavailability what controls are exposed. Li et al.39 argue
that empowerment in creativity support tools requires enablingr-
tical movementhe ability to move between levels of abstraction,
from high-level behavioral abstractions (e.g., choosing a font) down
to low-level primitives (e.g., editing individual vertices). Their fram-
ing emphasizesiccesscan users inspect and modify underlying
representations when pre-de ned abstractions break down?

Inspired by this trajectory and grounded in these theoretical
framings, our work reimagines the ladder not only as a represen-
tational device but as aontrol structuréor a numeric simulation
system. Drawing on Shneiderman's multi-layer approach and Li
et al's vertical movement, we generasemanticabstraction lev-
els dynamically from user intent and enable traversal across them.
Unlike prior work that operates on representations that already
carry semantic organization, such as the linguistic structure in text
[59, the spatial scale in map<2[], or the multi-level structure
in database queriesAf], particle systems are numerical simula-
tion systems that contain technical parameters like emission rate
and velocity theta with no intrinsic semantic interpretation and
no canonical vocabulary, as there is no standard way to describe
how angry a re looks . Therefore, the semantic ladder needs to be
generated from scratch, conditioned on user intent, against the live
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state of the simulation. Because the underlying representation is
numeric, cross-level synchronization is not symbolic propagation
but a numerical calculation: high-level adjustments must translate
into coordinated parameter changes that remain visually plausible,
while low-level edits must aggregate upward without producing
semantically incoherent parent states.

Prior work has contributed multi-level abstraction for navigation
and viewing and user-driven authoring of abstraction hierarchies,
grounded in representations that carry inherent semantic structure.
What remains unexplored is generating semantic control compo-
nents that are synchronized across abstraction levels in domains
where the underlying representation is numerical with no seman-
tic structure to build on. How users engage with such generative
controls across abstraction levels in parametric creative domains
also remains an open question.

3 Motivation and Design Requirements

Particle e ects are conceived semantically but created paramet-
rically. Designers typically receive descriptions in conceptual or
visual terms P8 29, 73 through design briefs §] that might say
make the re match the character's anger with erratic ames re ect-
ing the live-action scene's dark and tense mdtalvever, VFX tools
expose only low-level technical parameters (e.g., emission rate,
alpha start, lifetime) 50 62. Users must manually translate se-
mantic intent into numerical adjustments, which assumes detailed
knowledge of the underlying particle system [54, 71].

This translation is especially challenging because parameter
meaning is context-dependendf]. For instance, the emission ra-
dius controls the burst spread in a rework, butin a fountain particle
system it alters the height of the spray. Parameters are also highly
interdependent: controlling the height of the fountain requires ad-
justing both emission radius and velocity. Even after identifying the
right controls, users must rely on trial-and-error to discover useful
subranges and numeric combinationd. Many creative goals
require multiple parameters to be tuned in tandem (e.g., making a
fountain behave like a sprinkler may involve velocity theta, particle
lifetime, and emission timing), and there are often multiple valid
solutions for the same intentq7]. Designers need to nd the right
parameters and control them to navigate in an intent-conditioned
design subspace, where multiple valid realizations can be discov-
ered 6. As a result, the work ow is ad-hoc, labor-intensive, and
requires signi cant practice to master.

Recent Al advances provide promising capabilities such as se-
mantic understanding and generative Uls via code generatié. [
While it is promising to leverage Al to analyze the context and
instantiate controls that surface relevant paramete&]| it re-
mains unclear how these low-level controls can be connected and
jointly satisfy a user's high-level intent. What is missing is a mech-
anism that explicitly links generated controls to the underlying
parameters and caoperate across levels of abstraction in a synchro-
nized way while also constrainingcontextually relevant controls
to help users navigate to useful subspaces for a given intent. Such
subspaces allow users to explore alternative solutions without be-
ing overwhelmed by irrelevant controls or derailed by unrelated
possibilities [9].
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(a) Contextual Brush Palette
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(b) Generated Control Panel

Figure 2: The two core components of Elemental Alchemist. (a) The contextual brush palette, which generates scene-aware
brushes described through short phrases, icons, and colors, allowing users to sketch semantic intentions directly in the scene.
(b) The generated control panel, which decomposes intent into a synchronized hierarchy of high-level conceptual controls,
mid-level semantic attributes, and low-level technical parameters, enabling uid navigation across abstraction levels.

Motivated by the unsolved challenges in semantic control of
particle e ects, we developed the following design requirements to
guide the design of the system:

DR1: Generate Contextually Relevant Tools.Controls should
be generated in response to the current scene and active particle
system, so that they align with the designer's intent rather than
remaining generic. Prior work has demonstrated the value of us-
ing forces or energies to control the particle e ect29 71]. By
grounding controls in spatially meaningful elements and potential
candidate energies in the scene, users can act directly on what
they see, reducing the gap between their envisioned e ect and the
available parameters.

DR2: Enable Cross-level Synchronized Abstracted Control.
High-level control can be misleading or overly broad, while low-
level control can be too speci c, restricting users' creativity and
ability to innovate [9]. Therefore, controls should span multiple
levels of abstraction, with changes at one level propagated across
the hierarchy. This combination of multi-level generation and syn-
chronization helps constrain exploration to useful subspaces of the
parameter space, enabling users to discover alternative solutions
that satisfy their intent.

4 Elemental Alchemist

Based on the design requirements, we designed Elemental Alchemist,
a generative interface that enables novice users to edit and control
particle e ects across di erent levels of abstraction. The system
leverages multimodal large language model (MLLM) calls to gener-
ate contextually relevant tools and controls, while a synchronization
mechanism maintains consistency across abstraction levels. Elemen-
tal Alchemist operates on canonical particle attributes position,
velocity, shape parameters, color, transparency, and lifetime as
established in foundational computer animation literaturdd. It
consists of two core componentscantextual brush paletthat gen-
erates brush tools based on scene context, agemerated control
panelthat generates hierarchical controls across multiple synchro-
nized levels of abstraction (Figure 2).

4.1 Contextual Brush Palette

The Contextual Brush Palette provides sketch-based tools for parti-
cle control. Providing contextually relevant tools (DR1) required
de ning criteria for tool selection.

4.1.1 Scene-grounded brush tools. Drawing on adaptive menu
research, which proposed predicting user nee@8 R4 26 53, we
approached this by predicting what a user is likely to want given
the current scene context. Rather than o ering a xed palette that
requires translating intentions into prede ned controls, the brush
palette generates tools grounded in the current scene and particle
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Figure 3: Elemental Alchemist decomposes user intent into a three-level hierarchy of controls. A) Example decomposition of
user intent. B) The hierarchy is represented as a tree structure, which not only organizes conceptual, semantic, and technical
controls but also enables synchronization across abstraction levels. C) These synchronized controls are presented to the user

through the generated control panel interface.

system. This ensures that tools are tied to visible context and candi-
date energies. For example, in a reworks display near a building,
the palette might suggest brushes for wind or for adjusting the

spread radius. Each brush is presented as a short phrase conveying

its intended e ect in familiar terms (e.g.add a gentle breezg ac-
companied by a contextually relevanticon (e.g., a wind symbol) and
a representative color (e.g., a blue stroke). This semantic framing
reduces the translation gap between creative intent and available
controls (Figure 2).

4.1.2 Expressive input. The sketch, as a exible input form, al-
lows expression oivhereand everhow mucthof the chosen e ect to
apply. In addition, the system supports general annotations without
semantic labels, custom brushes de ned through natural language
descriptions, and palette refresh for alternatives. This design sup-
ports both guided and open-ended expression, situating interaction
in visual and spatial terms.

4.1.3 Brushgeneration. To generate contextually relevant brushes
(Figure 5), the system uses a single MLLM call conditioned on multi-
modal context: a screenshot of the current scene, the active particle
system type (e.g., re, fountain), and a parameter catalog. The
generation follows a three-stage process: scene analysis, intent
prediction, and brush de nition. First, it analyzes the scene to in-
fer current energies (e.g., gravity a ecting the particle ow) and
potential candidate energies that could be introduced (e.g., wind,
moisture). Second, it predicts likely user goals for modifying the
particle system, framing them as second-order e ects perceptible
outcomes rather than raw parameter changes. For example, rather
than suggesting increase velocity x, the system presents a brush
labeled shift reworks towards streetwhen the predicted intention
involves lateral movement. These predictions are grounded in scene

objects and candidate energies, ensuring brushes remain relatable
to users. Third, the system generates seven candidate brushes, each

de ned by: a short functionality description, a representative color,

and an icon from a prede ned library. This structured generation
ensures that brushes are semantically grounded in the visible scene
context.

4.2 Generated Control Panel

The Generated Control Panel interprets user intent from text input
and sketches, decomposing it into a hierarchy of controls. Enabling
cross-level synchronized control (DR2) involved two design deci-
sions: the granularity of abstraction levels for a given intention,
and the mechanism for synchronization across them.

4.2.1 Three-level abstraction hierarchy. We designed a dy-
namic three-tiered hierarchy inspired by Pacherie's dynamic model
of intention [48 51] which distinguishes rational, situational, and
motor goals to describe the psychological process of contextual-
izing high-level intentions into low-level actions. This motivates
structuring controls across levels of abstraction, ensuring that users
can act at the level most natural to their intent while maintain-
ing synchronization across the hierarchy. The generated control
panel therefore decomposes a user's natural language or roughly
sketched intent into three levels of abstraction and provides con-
trols at each level (Figure 3). For example, in a reworks night scene,
when the user speci es the intention tanake it playful , controls

are organized into:

(1) High-level concepts that provide goal-oriented controls (e.g.,
vibrancy, dynamic movement

(2) Mid-level semantic attributes that o er situational controls
and steer technical parameters (egplor transition, opacity
variation, burst pattern, force variatipn

(3) Low-level technical parameters that realize these properties
(e.g.emission rate, velocity xyz, velocity theta, velocity radius
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Figure 4: Elemental Alchemist sca olds the n-dimensional parameter space into an intent-aligned subspace, shaped by concepts,
attributes, and technical parameters. The conceptual diagram (center) illustrates how the high-dimensional space is projected
into a navigable 2D intent-aligned subspace this visualization is not part of the tool Ul but helps convey the underlying
structure. This example shows a concept-level subspace for Dynamic Movement, where the axes correspond to its child attributes,
Burst Timing and Movement Variability . Dynamic Movement's discrete slider steps enable navigation along a semantically
aligned combinatorial trajectory through this subspace (e.g., Subtle Dri ! Gentle Sway! Playful Dance ! Chaotic Whirl ),
while dropdown options (e.g., Whimsical Burst , Energetic Spiral, Serene Flu er) represent preset semantic combinations speci ¢
coordinates in the subspace that users can jump to directly. Users can switch between widget types to balance rapid exploration
with precise control. Similarly, Burst Timing and Movement Variability would each have their own attribute-level subspaces,
with technical parameters forming the respective axes and similar mechanisms supporting navigation.

The decomposition follows a structured analysis approach (Ap- direction and scale for navigation rather than exposing the full
pendix A.4): concepts are extracted through lexical semantics parameter domain. Ranges can be inverted when the goal requires
identifying abstract themes, adjectives, or verbs from the user's lan- decreasing a value. For example, if the intentrisake the re more
guage. Attributes are derived through referential decomposition  intense,the system orients velocity and emission rate ranges from
grounding these abstractions in interpretable, domain-speci cterms  their current values toward higher intensities; conversely, a reduce
that group related technical parameters (e.g., position axes, color intensity intent orients ranges from current values downward.
channels). Technical parameters are then selected from the parame- This mechanism generalizes across e ect types: for any ex-
ter catalog based on their relevance to each attribute. The analysisis pressed intent, the system identi es the contributing parameters
intent-sensitive: for vague requests (e.g., make it more energetic ), and scopes their ranges to a meaningful subspace, so users are not
the system identi es high-level semantic concepts rst and then overwhelmed by irrelevant possibilities.
nds contributing parameters; for speci c requests (e.g., move To support exible navigation, each control widget supports
it to the left ), it focuses on relevant technical parameters while three modes that o er complementary strategies for navigating the
constructing meaningful concept and attribute labels around them. intent-aligned subspaégure 4)Discrete slidensrovide ordered

The hierarchy sca olds the high-dimensional parameter space semantic steps along a single attribute axis (e.g., Subtle Drift
into interpretable levels aligned with user intent. Rather than nav- Gentle Sway Playful Dance Chaotic Whirl), enabling rapid
igating the full n-dimensional space directly, users interact with movement in a linear manne€ontinuous slidem@low ne-grained

anintent-aligned subspace a constrained subset of the full pa- adjustment along the same vector for precisi@ropdown menus
rameter space formed by selecting relevant dimensions and value o er preset combinations that represent speci ¢ points in the multi-
ranges according to the user's intent (Figure 4). dimensional subspace; selecting an option sucM#smsical Burst

or Energetic Spirapplies a coordinated set of child attribute values,
4.2.2 Controls for intent expression. For each parameter in ~ €nabling users to jump directly to semantically meaningful con gu-
this hierarchy, the system selects an appropriate subrange from its rations rather than navigating axis-by-axis. Together, these widget
possible values, focusing controls on those most relevant to the ex- YPeS enable users to explore the design space exibly traversing
pressed intent. Subrange determination followswarent-to-goal individual dimensions or jumping between curated presets while
paradigm : the minimum is anchored to the parameter's current retaining coherence across abstraction levels. To reinforce perceived
value from the live particle system, and the range is oriented by control, Iabe!s for discrete steps,_dropdown options, and tooltips
the MLLM toward values that achieve the user's intent providing ~ a'€ phrased in contextually meaningful terms.
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4.2.3 Cross-level synchronization. To maintain coherence across
levels, we designed a bidirectional synchronization mechanism that
keeps high-level concepts, mid-level attributes, and low-level pa-
rameters consistent with one another. The mechanism is based on
a tree representation of user intent, where parent nodes correspond
to higher-level concepts and child nodes to attributes or technical
parameters (Figure 3B). In this hierarchy, synchronization operates
in two directions: bottom-up and top-down.

Bottom-up aggregation computes parent values as weighted
combinations of their children:

I
A’) — %1_':8 A28
' g1Fs
where * is the normalized parent control value"g,3 the nor-
malized child control values, anfdg their associated weights. For
example, if the child attributeopacity startis updated, the cor-
responding mid-level attributedpacity variation and high-level
concept yibrant display also update to re ect the change. Prop-
agation is recursive across all three levels: for example, if a user
independently reducesmission ratand increasepatrticle lifetime
shifting a re e ectfrom angry to calm behavior these changes
propagate upward through their respective mid-level attributes via
weighted sum (Equation 1), which in turn updates the concept-level
value. The high-level slider thus re ects the aggregate e ect of
multiple low-level adjustments, even when those adjustments pull
in di erent directions.

Top-down distribution works in the opposite direction, propor-
tionally updating children when a parent is adjusted. The system
computes a scale fact@caleFactor= Atarget‘ “eurrent, and each
child is then updated:

@)

9= )

When clamping causes the weighted sum to diverge from the
target, the system iteratively redistributes the remaining di erence
among children that can still adjust (up to 5 iterations, tolerance
0.001). For example, if a user increases the parent conderant
displayand its child attributeopacity variatiorhits its maximum,
the excess is redistributed to other children suchcador transition

In practice, these updates are not equal across children. The
system generates weights as part of the Ul control generation call,
encoding how strongly each child contributes semantically to its
parent concept. Weights are inferred based on two factors: (1) how
central each attribute is to the user's expressed intent, and (2) the
semantic relationship between child and parent in the context of
the particle e ect. For instance, given the intenmake it play-
ful, the conceptvibrancymight receive childrercolor saturation
(weight 0.6) andpacity variation(weight 0.4), re ecting that vivid
colors are more central to perceived vibrancy than transparency
changes. This weighting ensures that high-level adjustments prop-
agate proportionally changes tovibrancya ect color saturation
more strongly than opacity, matching user expectations about what
vibrancy means in context.

Weights must sum to 1.0; if the MLLM returns weights that do
not sum correctly, they are normalized post-hoc, and if weights
are missing entirely, equal distribution (1/n) is used as fallback.
To ensure robustness, all values are normalized to [0,1] before

clampt %,  scaleFactef»1°
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aggregation and denormalized for display. Values are clamped to
valid ranges at each step, supporting both normal and inverted
ranges for bidirectional control. The currently-interacted parameter
is tracked and excluded from synchronization updates, ensuring
user input is never overwritten by propagated changes.

Together, these design choices enable real-time, bidirectional
synchronization across the hierarchy. High-level adjustments cas-
cade into technical details, while low-level re nements are re ected
upward, preserving both expressiveness and control.

4.2.4 Control Panel Generation. Upon submission of a sketch
or text prompt, the system constructs the control panel through
two sequential steps (Figure 5):

Intent Decomposition. The rst call is conditioned on multi-
modal context a screenshot of the current scene, the active particle
system type, the parameter catalog, and any sketch overlays with
their brush semantics to decompose the user's intent into a vali-
dated three-level hierarchy. The decomposition produces concepts
as descriptive qualities (e.gzibrancy dynamic movemeptseman-
tic attributes as grounded domain terms that group related technical
parameters (e.gcolor transitionburst patter, and technical pa-
rameters drawn from the particle engine's catalog (eamission
rate, velocity thetq This step determines the structure of the panel:
which controls will appear and how they relate to one another.

Ul Generation. The second step generates detailed interface
speci cations for each control across the hierarchy: concept-level
controls, attribute and technical parameter controls, and default
values for each parameter. This includes value ranges following the
current-to-goal paradignpreset combinations for dropdown menus,
contextually meaningful tooltip descriptions, and the normalized
child parent weights that govern synchronization. These generated
controls along with the inferred defaults are then assembled into
the panel, giving users both an initial result and the means to re ne
it.

Together, thecurrent-to-goal paradignparameter catalog vali-
dation, and multimodal scene conditioning ensure the generated
subspace remains grounded in the current scene and intent.

4.3 System Work ow

Elemental Alchemist enables users to edit and control particle ef-
fects through a generative interface (Figure 5). The work ow be-
gins when a user enters a text prompt or draws a sketch using
the brush palette. The system rst analyzes user intent and deter-
mines whether the input suggests adding a new particle system or
modifying an existing one (the add or edit decision in Figure 5).

For new particle systems, the system selects the most appropriate
template from a prede ned library based on the user's description
(Templates in Figure 5). As our focus is on semantic editing and
control rather than authoring e ects from scratch, we assume users
begin with a preset particle e ect, aligning with template-based
work ows in production tools like Houdini® and Bifrost2. Users
work within a 3D scene that may include environmental elements
such as buildings, terrain, and other objects.

https://www.sidefx.com/docs/houdini/shelf/index.html
2https://help.autodesk.com/view/BIFROST/ENU/?guid=Bifrost_MayaPlugin_get
started_with_sample_html
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Figure 5: System pipeline of Elemental Alchemist: contextual brush palette generation is triggered when a scene is uploaded,
producing scene-grounded sketch tools. On user input (text and/or sketch), the system analyzes intent and either selects a
template to place a new particle system or proceeds to modify the existing one. For modi cations, intent is decomposed into
concepts, attributes, and parameters, then controls are generated with contextually relevant subranges and default values, and
weights are generated to maintain synchronization between the di erent levels of abstraction, thus enabling re nement at any
abstraction level while the particle system updates in real-time.

Once a particle system is placed, the contextual brush palette is parameter ranges specifying minimum, maximum, and default val-
generated using the three-stage process described in Section 4.1 ues, and (3) a static mapping from parameter names to JSON paths
providing semantic brushes grounded in scene objects and can- in the particle engine's format (Appendix A.8). Before assembly,
didate energies, framed as second-order e ects rather than raw outputs undergo validation against the catalog to ensure generated
parameter changes. parameters exist and values fall within speci ed ranges. Weights

For modi cations to existing particle systems (Figure 5), the are normalized if needed, and invalid outputs trigger fallback mech-
system analyzes the user's intent expressed through text, sketch, anisms (Appendix A.9).
or both and generates a control panel with hierarchical controls
corresponding to that intent. Intent Decomposition structures in- .
tent into the three-level hierarchy (Section 4.2), then Ul Generation 4.4 Implementation
assembles control widgets for each level with contextually relevant Elemental Alchemistis implemented as a web-based prototype with
subranges, default values, and cross-level synchronization weights. & React frontend and a three.js scene editor, paired with multimodal

These are merged into a nested panel con guration categorizing
outputs by hierarchy level, building weighted parent-child rela-
tionships that enable the bidirectional cross-level synchronization
described in Section 4.2. If users are not satis ed with the predicted
goal, they can re ne the e ect using the synchronized controls at
any level of abstraction.

All generations are conditioned on parameter catalog struc-
tured speci cation of the particle engine's technical parameters
composed of three components: (1) parameter descriptions pro-
viding natural language explanations of each parameter's e ect
(e.g., velocity_theta controls the spread of particle emission ), (2)

LLM services. For particle system implementation, we targeted the
Three.js L] particle simulation engine Three Nebuld§. The
template library includes ve particle system types: re, fountain,
rework, bubbles, and trail. The parameter catalog containing
descriptions, ranges, and JSON path mappings was manually au-
thored and supplied as textual context in each LLM call. Current
parameter values are read from the live particle system to establish
contextually relevant ranges before generation.

For generation, we use OpenAl's GPT-40 with temperature 0.1,
JSON response format enforcement, and text and image inputs.
Prompts provide task-decomposition guidance and require JSON-
only outputs under xed schemas. Brush palette creation supports
streaming to surface brushes progressively. To balance e ciency
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