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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_B ln Ω 

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. 

• 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.

• 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. 

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

node, freezing the chaotic motion into readable data.

• 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.

• 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 (MaterialX & 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. 

• Plexus Generation: A connectadjacentpieces node was utilized to draw

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

• 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;.

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

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

• 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. 

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

highly reflective MaterialX 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. 



熵与时间逆转

Houdini中的程序化数据解构与重组

创作者： 王炜竣

使用软件：SideFX Houdini ��，Karma，MaterialX 

核心概念：程序化模拟、时间重映射、MaterialX着色、路径追踪

设计理念

本作品的核心思想围绕热力学第二定律与“时间之箭”展开。在物理学中，
熵是衡量孤立系统无序程度的指标，常用玻尔兹曼熵公式表示：

S = k_B ln Ω

这个模拟以视觉隐喻展现了这条不可逆的定律，以及打破它的幻想。它描绘了
一个结构化实体在湍流作用下不可避免地分解为混乱的数据尘埃。然而，通过
数字时间的操控，序列被强力逆转。混乱粒子逆向穿越空间，挑战熵的极限，
最终完美还原绝对秩序的初始状态。

在视觉表现上，我追求的是“轻赛博朋克”式的极简风格。通过剥离实体表
面，仅保留极细的发光数据线，将主体抽象为纯能量与数学坐标，与漆黑虚空
的黑曜石环境形成强烈对比。

制作流程

第一阶段：起源（点云结构化）

wangw
下划线



本项目伊始，将标准测试几何体转化为高密度、高结构的点云。这一过
程代表了最低熵的状态。 

节点设置：我采用 pointsfromvolume 节点将几何体体素化，生成分布
均匀的点云。通过极小的点间距，既保证了结构的高密度，又兼顾了内
存的高效利用。 - 

初始化：所有点均已为动态模拟做好准备，初始状态下无速度，仿佛
静止的数据节点，等待外部力的激活。

第二阶段：熵值变化（DOP网络模拟）

为模拟时间流逝与无序度增加，将这些点输入到粒子动力学网络（popnet）
中。

• 脉冲发射：为防止粒子数量呈指数级激增导致CPU崩溃，采用VEX表达
式 $F == � 将发射严格限定在第一帧的脉冲激活参数中。

• 湍流与传输：引入popforce节点，结合强烈的上升力和大幅度卷曲噪
声，模拟出有机且流动感十足的效果。



就像湍流将结构撕裂，粒子被抛洒进虚空中。加入了 popdrag 节点以模
拟空气阻力，防止无限加速，并营造出漂浮、零重力的悬浮效果。

第三阶段：操控时间之箭（时间重映射）

本作品的核心叙事⸺时间倒流⸺通过精确的缓存与时间操作，在模拟之外
得以实现。

缓存：整个仿真通过 filecache 节点写入硬盘，将混乱的运动冻结成可
读取的数据。

子帧插值：在时间偏移之前引入了 timeblend 节点，这个关键步骤计算
了整数帧之间的速度属性，避免画面卡顿，让极慢动作时画面流畅如电
影。

时间重映射：利用 timeshift 节点打破时间的线性流动。通过动画编辑
器，自定义了贝塞尔曲线：

�. 帧 1-100：正常正向播放（熵值递增）。

�. 帧 100-160：极限减速，进入“子弹时间”悬停效果



�. 帧 160-240：快速反向播放，所有粒子迅速回到它们的初始坐标
（熵降低）。

第四阶段：数据美学（MaterialX 与 Karma 渲染）

最终的视觉效果极大依赖于 Houdini �� 的 USD/Solaris 工作流与 MaterialX 
着色系统。设计目标是让粒子发出强烈的彩色光芒，在漆黑环境中照亮整个
场景。

网格生成：通过 connectadjacentpieces 节点，将相邻点之间连成
多段线，构建出类似神经网络的结构。

物理限制与VEX：为防止大量几何体导致光线追踪器
（Embree/Karma）崩溃，并避免出现“粗线缆”效果，采用VEX 
wrangle将物理宽度极致收细：@width = �.����;。

属性提升：为了让Karma能够准确读取这些极细线条的颜色数据
（Cd），将该属性从点级提升到了顶点级。

MaterialX 设置：* 这里我采用了 mtlxstandard_surface，将基础权重设
为 0，使几何体完全“去实体化”。

o 使用 mtlxgeompropvalue 节点提取了 displayColor 属性，并
将其信号以极大倍数（如 5000）进行放大。



将mtlxmultiply节点直接连接到发光颜色。 

黑曜石地面：为了营造空间层次感，地面被赋予了高反射性的MaterialX
着色器（粗糙度 = 0.02，折射率 = 2.0），仿佛是一面深邃的黑色镜面，
完美映射出上方流动的高能数据流-

结论 

本项目是一场关于Houdini ��中程序化流程、内存管理与物理渲染限制的严谨
实践。通过将视觉元素完全视作数据与能量，模拟过程巧妙地连接了理论物理
与美学数字艺术，展现了即使是混沌，经过缓存和调控后，也能被完美演绎。


