Entropy & Time Reversal

Procedural Data Disintegration and Reconstruction in Houdini
Creator: Weijun Wang
Software Used: SideFX Houdini 21, Karma, MaterialX

Core Concepts: Procedural Simulation, Time Remapping, MaterialX Shading, Path

Tracing

Design Concept

The concept of this piece revolves around the Second Law of Thermodynamics and
the "Arrow of Time." In physics, entropy is a measure of disorder within an isolated

system, often expressed by Boltzmann's entropy formula:
S=k BinQ

This simulation serves as a visual metaphor for this immutable law, and the fantasy of
breaking it. It visualizes the inevitable decay of a structured entity into chaotic data
dust, driven by turbulent forces. However, through the manipulation of digital time,
the sequence is violently reversed. The chaotic particles traverse back through space,

defying entropy, to perfectly reconstruct the original state of absolute order.

Visually, I aimed for a "Cyberpunk-lite" minimalism. By stripping away solid surfaces
and rendering only hyper-thin, emissive data-lines, the subject is reduced to pure
energy and mathematical coordinates, contrasting sharply with the absolute void of the

obsidian environment.

Production Process

Phase 1: The Origin (Structuring the Point Cloud)



The project began by converting a standard test geometry into a dense, highly

structured point cloud. This represents the state of lowest entropy.

e Node Setup: I utilized a pointsfromvolume node to voxelize the geometry and
generate an evenly distributed point cloud. The Point Separation was kept
extremely low to ensure a high-density structure while maintaining memory

efficiency.

o Initialization: Every point was prepared for the dynamic simulation without
any initial velocity, acting as a dormant data node waiting for an external

force.

Phase 2: The Entropy (DOP Network Simulation)

To simulate the passage of time and the increase of disorder, the points were fed into a

Particle Dynamics Network (popnet).

* Impulse Emission: To prevent exponential particle multiplication and CPU
crashing, the emission was strictly locked to the first frame using the VEX
expression $F == 1 in the Impulse Activation parameter.

 Turbulence & Advection: A popforce node was introduced, applying an

upward thrust combined with high-amplitude curl noise. This organic, fluid-



like turbulence tore the structure apart, scattering the particles into the void. A

popdrag node was added to simulate air resistance, preventing infinite

acceleration and creating a floating, zero-gravity suspension effect.

Phase 3: Manipulating the Arrow of Time (Time Remapping)

The core narrative of the piece—time reversal—was achieved outside the simulation

using precise caching and time manipulation.

e Caching: The entire simulation was baked to the hard drive using a filecache

node, freezing the chaotic motion into readable data.

e Sub-frame Interpolation: A timeblend node was implemented before
time-shifting. This crucial step calculated the velocity (v) attributes between
integer frames, preventing stuttering and ensuring cinematic smoothness

during extreme slow-motion.

o Time Remapping: A timeshift node was used to break the linear flow of time.

Using the Animation Editor, I engineered a custom Bezier curve:
1. Frames 1-100: Normal forward playback (Entropy increasing).

2. Frames 100-160: Extreme deceleration into a "bullet time" suspension



3. Frames 160-240: Rapid reverse playback, snapping all particles back to

their original coordinates (Entropy decreasing).

Phase 4: The Aesthetics of Data (Material X & Karma Rendering)

The final aesthetic relied heavily on Houdini 21's USD/Solaris workflow and the
MaterialX shading system. The goal was to make the particles emit intense, colored

light that could illuminate a pitch-black environment.

o Plexus Generation: A connectadjacentpieces node was utilized to draw

polylines between neighboring points, creating a neural-network-like web.

e Physical Limitations & VEX: To prevent the massive amount of geometry
from crashing the raytracer (Embree/Karma) and to avoid the "thick cable"

look, a VEX wrangle enforced an ultra-thin physical width: @width = 0.0005;.

e Attribute Promotion: To ensure Karma accurately read the color data (Cd) for

the incredibly thin lines, the attribute was promoted from Points to Vertices.

e MaterialX Setup: * I used an mtlxstandard surface with the Base Weight set to

0, removing all physical "meat" from the geometry.

o An mtlxgeompropvalue node fetched the displayColor attribute. This

signal was then multiplied by a massive factor (e.g., 5000) using an



mtlxmultiply node and plugged directly into the Emission Color.

e The Obsidian Floor: To establish spatial depth, a floor plane was assigned a

highly reflective Material X shader (Roughness = 0.02, IOR = 2.0), acting as a

dark mirror that flawlessly reflected the high-energy data streams above

Conclusion

This project was a rigorous exercise in procedural workflow, memory management,
and physical rendering constraints within Houdini 21. By treating visual elements
strictly as data and energy, the simulation successfully bridges the gap between
theoretical physics and aesthetic digital art, proving that even chaos, when cached and

controlled, can be perfectly orchestrated.
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