
Unified WebGL2 Multiverse Simulation
(Uniphiglow Expansion)
Overview: We  will  create  a  comprehensive  WebGL2-based  universe  simulation  in  a  single  HTML  file,
expanding the original  Uniphiglow demo with new scenarios and advanced physics features. The existing
scenarios (Solar System, Galaxy, Cluster, Uniphi, “Université”) are preserved, and a new Multiverse scenario
is added on top. The simulation will support multiple universes with distinct physics, additional celestial
object  classes,  fully  integrated  fundamental  forces,  enriched  rendering  effects,  and  an  upgraded  user
interface.  All  code (including classes,  WebGL2 shaders,  and UI  controls)  will  be  self-contained for  easy
deployment . Below we detail each major feature of this expanded simulation.

Preserving Scenarios & Introducing a Multiverse Mode

The original scenarios – Solar, Galaxy, Cluster, Uniphi, Université – remain intact in the expanded simulation.
We ensure that selecting any of these yields the familiar single-universe scene (e.g. the Galaxy scenario
shows stars orbiting a galactic center). The  Multiverse comes as an  additional mode that can overlay or
juxtapose multiple instances of those scenarios, rather than replacing them . In practice, this means the
user  can  enable  a  Multiverse  mode while  still  choosing a  base  scenario  type.  For  example,  if  Galaxy is
selected with Multiverse-Bubble mode on, the simulation will render multiple galaxies side by side – each in
its own universe with possibly different parameters . This approach augments the existing scenarios
with multiverse capabilities, rather than removing or altering the originals.

Multiverse Simulation Modes: Bubble vs. Layered Universes

To implement the multiverse concept, we provide two distinct modes – Bubble and Layered – switchable
via the UI:

Bubble  Multiverse  Mode: This  mode  renders  multiple  independent  universes  in  parallel,  like
bubbles in a foam. Each “bubble universe” runs the simulation with its own set of physical constants
(gravity strength G, electromagnetic coupling, entropy level, etc.), allowing side-by-side comparison
of different physics . Technically, the canvas is subdivided or multiple viewports are used to
draw each universe in separate regions. For example, with two bubbles, the canvas could split into
two panels, each running a universe simulation tick with unique physics settings . All bubbles
reuse the same rendering pipeline (stars, planets, nebulae, etc.), but each has its own physics config
and object instances. A UI control will allow choosing the number of bubble-universes and adjusting
each universe’s constants. The result is a clear side-by-side visualization of parallel universes, so the
user can observe how varying fundamental constants alter cosmic evolution . One bubble might
have  higher  G  (tighter,  faster  orbits)  while  another  has  weaker  gravity  but  stronger
electromagnetism, giving each a distinct behavior and appearance .
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Layered Multiverse Mode: In this mode, multiple universes occupy the  same space, overlaid like
semi-transparent  layers  of  reality.  This  takes  inspiration from the Many-Worlds  interpretation of
quantum mechanics, where parallel worlds co-exist and occasionally interfere . The simulation
will stack two or more universes in one scene, rendering their stars/planets/structures with slight
offsets, color tints, or transparency to differentiate each layer . This creates a composite view of
multiple  realities  on top of  each other.  Crucially,  we introduce  interference effects when these
layers  overlap:  universes  don’t  ignore  each  other  but  produce  chaotic  interactions  where  their
matter coincides . For example, if a star from Universe A passes through the same coordinates as
a star from Universe B, the overlap could trigger a burst of light or a swirling distortion, as if their
wavefunctions interfered . We simulate a subtle inter-universal force or “quantum coupling” that
causes jitter, flicker, or color shifts at points of overlap . Additionally, quantum fluctuation visuals
(Perlin noise or fractal turbulence) will appear at the boundaries of overlap, indicating regions of
instability in the layered mix .  Emergent “membranes” between universes might be shown as
translucent contours where interference is strongest . The UI will provide controls for the number
of layers (e.g. 2 or 3) and an  Interference Strength slider to tune the intensity of cross-universe
interaction .  In effect,  the user will  see ghostly  multiple cosmos superimposed,  with dynamic
ripples and random chaotic events where they intersect – a visual representation of parallel worlds
briefly touching.

Both modes require managing multiple simulation instances (worlds) concurrently. For Bubble mode, we
instantiate multiple World objects and assign each a portion of the canvas (adjusting WebGL viewports for
each) . For Layered mode, we maintain separate physics for each world but blend their rendering in
one shared space with transparency and special interference shaders. Time steps for all universes will be
synchronized so that physics updates and events stay consistent across worlds . We also account for
performance by possibly reducing detail when many universes are running (e.g. fewer objects per universe
if the user spawns many bubbles) . In layered scenes, depth buffering will be managed or disabled for
overlapping draws so that different universe objects do not occlude each other incorrectly, achieving the
ghost overlay effect as intended .

New Celestial Object Classes and Unified Force Dynamics

To enrich the simulation, we introduce several new classes of celestial objects, each with unique behavior
and fully integrated physics. These include binary star systems, rogue planets, protostars, and enhanced
nebulae, added alongside existing stars, planets, black holes, etc. Each new object class not only interacts
via gravity but also responds to electromagnetic and nuclear forces where appropriate, and participates in
entropy-driven  events  and  quantum  effects.  Notably,  each  object  will  encapsulate  a  simple  neural
network  (perceptron) that  processes  its  local  environment  and  influences  its  behavior,  forming  a
distributed AI mesh across the simulation. This perceptron network can be thought of as an  embedded
intelligence in the physics engine – each celestial body “senses” forces and makes minor adjustments or
triggers events (for example, deciding if it should split, merge, ignite, etc.) based on its neural net outputs.
The collection of these perceptrons forms a dynamic decision network influenced by object interactions and
the overall universe state, adding an emergent computational layer to the simulation. Key object classes
and their features are:

Binary Stars: A binary star object actually consists of a pair of stars orbiting around their common
center of mass (barycenter) . In reality, roughly half of all star systems are binaries, where two
stars gravitationally bind and circle their barycenter. Our implementation will spawn two star bodies
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for each binary system, initializing them with a proper separation and perpendicular velocities so
they stably orbit each other per Keplerian two-body dynamics . The simulation’s gravity engine
naturally handles their mutual attraction, but we assist by starting them at a balanced distance and
speed so neither crashes nor escapes .  Visually,  a  binary appears as two stars (potentially  of
different  color  or  size)  twirling  about  an  invisible  midpoint.  We  will  add  a  trajectory  trail
highlighting their orbit (a rotating loop) to emphasize the binary motion . The UI will provide a
toggle or slider for “Binary Star Systems” controlling how many binary pairs are introduced. These
binaries add dynamic motion and a test of the gravity model on a small  scale (two-body orbital
physics) . Each star in the binary can also have its own perceptron “brain” to perhaps modulate its
luminosity or eventual fate (e.g. deciding if one star goes supernova when mass transfer occurs, as
real binaries sometimes do).

Rogue Planets: Rogue planets are free-floating planets not orbiting any star – cosmic drifters that
have been ejected from their systems. In the simulation, a rogue planet is a lone planet object given
an initial linear trajectory through space . Without a host star’s gravity, it will move in a straight
line unless it encounters other masses or forces. We will  spawn a number of rogue planets with
random positions and velocities (some entering the scene from off-screen boundaries) to simulate
interstellar nomads . They still have mass and exert gravity, so if a rogue passes near a star or
galaxy it could be captured into orbit or slingshot away, adding unpredictability to stable systems

. The UI could include a checkbox or input like “Add N Rogue Planets” for users to inject these
wanderers. This feature introduces chaotic perturbations – for example, a rogue planet might fly
through  a  solar  system  and  disrupt  the  orbits  of  stable  planets,  demonstrating  gravitational
perturbation. Each rogue will also have a neural perceptron instance; for example, its perceptron
might detect if it’s caught by a star’s gravity and then decide (probabilistically) whether to simulate a
collision or slingshot maneuver (in effect, adding a slight randomness or decision to its fate beyond
pure Newtonian path).

Protostars: Protostars are early-stage stars – collapsing gas clouds that have not yet ignited fusion.
They are  cool,  luminous from gravitational  heating,  often surrounded by accretion disks.  In  the
simulation, a protostar is rendered as a faint, hazy sphere with a soft glow or halo . We can give it
a subtle animated  accretion disk (a translucent, spinning disk of gas) and perhaps bipolar jets for
visual  flair,  indicating  matter  flowing  in.  Physically,  protostars  have  significant  mass  (pulling  in
surrounding gas via gravity) but lower temperature and light output than main-sequence stars. Over
time  in  the  simulation,  a  protostar  could  gradually  increase  in  brightness  or  mass,  potentially
“igniting” into a full-fledged star after some period . For simplicity, the ignition can be a scripted
event  (flashing  brighter  to  become a  normal  star).  The  UI  might  include  a  toggle  or  slider  for
protostars (e.g. what fraction of spawned stars should start as protostars). This allows star-formation
scenarios – in a Cluster or Nebula scene, some fraction of stars appear in infancy, conveying an
ongoing formation process . Protostars interact via gravity like normal stars; additionally, if the
thermodynamics feature  is  enabled,  we  can  simulate  their  gradual  heating.  Each  protostar’s
perceptron could monitor its age or mass accretion and decide when to transition to a true star
(ensuring not all ignite at once, adding variability).

Enhanced Nebulae: Nebulae in Uniphiglow were originally rendered as a colorful foggy background
using a shader. We will enhance these nebula clouds to be interactive participants in the simulation.
The nebula is not a discrete object but a volumetric field spanning the scene, representing gas and
dust. In the expanded simulation,  nebular physics become more dynamic: the nebula shader will
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respond to nearby forces and objects. For example, massive objects can perturb the nebula glow – a
star moving through the cloud could swirl or drag the nebulous gas by its gravity . We will
feed gravitational fields into the nebula shader’s noise function so that regions near heavy masses
get brighter or form whorl patterns, visually indicating the gas being gravitationally “stirred” .
We’ll also incorporate  ionization and magnetism: an  Ionization slider in the UI can control how
energized the nebula gas is (high ionization making it glow more brightly, as ionized gas emits light
when electrons recombine) . The existing Uniphiglow shader already had parameters like  Mag
Field and Chaos to create swirling patterns and turbulence in the nebula . We will retain and
extend these, tying them into our physics controls.  For example, turning up the electromagnetic
force could increase the magnetic field parameter in the nebula shader, creating more pronounced
swirls (simulating magnetic turbulence in nebulae).  Enabling the strong force might conceptually
cause the nebula to clump tighter (mimicking how the strong nuclear force binds matter tightly at
small  scales, here used metaphorically for dense clustering of nebula particles) .  In summary,
nebulae become an active visual indicator of the underlying physics fields – changing color, density
or  motion  based  on  the  state  of  forces,  and  differing  per  universe  (in  multiverse  mode  each
universe’s nebula could have a distinct base hue to reflect different constants) . These enhanced
nebula effects maintain the trademark foggy glow of Uniphiglow while adding physical realism and
interactivity.

All these new object classes are fully integrated into the physics engine. Gravity affects all masses (binary
stars  orbit,  rogues  get  captured  or  not,  protostars  gather  mass,  nebula  gas  responds,  etc.).
Electromagnetism can be applied in a playful manner – e.g. if we assign notional charges to certain nebula
regions or even planets, EM forces could cause attraction/repulsion or create aurora-like visual effects for
magnetic fields . The strong force and weak force toggles, which existed in the original simulation as
conceptual  fields,  will  now  have  tangible  effects:  for  instance,  enabling  the  strong  force  could  make
particles  (or  small  clusters  of  objects)  stick  together  more tightly  or  make the nebula  contract  slightly
(representing binding) , whereas enabling the weak force might allow more particle decay or dispersal
(representing radioactive decay or instability, possibly causing some objects to randomly lose mass or emit
energy particles).  We will  extend the original  force  toggles  so  they  transition from being purely  visual
shader effects into also influencing object behavior. Moreover, an Entropy or Chaos field is introduced as a
global parameter governing randomness in the system (see next section for entropy events). All objects and
forces are handled in a unified simulation loop – the engine computes gravitational N-body interactions,
applies  any  electromagnetic  forces  (if,  say,  we  decide  some  objects  carry  charge  or  simulate  plasma
dynamics in  the nebula),  and triggers random entropy-driven events.  The  neural  perceptron network
embedded in objects adds a feedback layer: for example, if gravity and entropy are high, a star’s perceptron
might trigger a supernova event (as a probabilistic decision),  or if  electromagnetic fields are toggled, a
perceptron might  cause a  charged particle  emission from a  protostar’s  accretion disk.  These  AI-driven
behaviors ensure that all the domains – gravity, EM, nuclear forces, thermodynamics (entropy/heat), and
quantum randomness –  are  coupled into the simulation’s  outcome,  rather than remaining independent
toggles. Every object effectively becomes an agent that can respond to the combined state of physics fields,
creating a rich, emergent system.

Advanced Rendering Pipeline Enhancements

The rendering pipeline will be upgraded to deliver immersive visual effects that reflect the new physics. We
integrate multiple shader-based postprocessing steps (for nebulae, lensing, etc.), and ensure the visuals
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correspond to the forces and objects in play. All rendering remains GPU-accelerated via WebGL2. Key visual
enhancements include:

Nebula Glow & Fog Improvements: The distinctive foggy nebula background from the original
Uniphiglow will be preserved and enhanced. We continue to render the nebula as a full-screen post-
process effect via a fragment shader (additively blending colored clouds) for performance . The
nebula shader will be updated each frame with parameters for hue, density, magnetic field, chaos,
etc., as before . Now, however, these parameters can vary per universe (in Bubble mode, each
panel might have a slightly different nebula color to distinguish universes ) and respond to local
physics  (as  described,  gravity  wells  perturb  the  nebula  pattern,  and  toggling  forces  like  EM  or
strong/weak tweak the nebula turbulence). We’ll maintain dynamic  nebula animations (e.g. slight
drift or flicker of the clouds) to give a sense of a living cosmos. Additionally, we introduce a Cosmic
Microwave Background (CMB) overlay behind the nebula: essentially a faint all-sky background
glow. This could be implemented by mapping a texture of the CMB or a noise pattern onto a sphere
or as an overlay quad. The UI will feature a wavelength selector (or a simple slider) allowing the user
to view the CMB in different microwave frequency bands – effectively recoloring or re-scaling the
background  to  simulate  how  the  CMB  would  look  under  different  wavelengths  (from  radio  to
infrared). This is mostly for educational visual effect: e.g., at shorter wavelengths the CMB appears
hotter (brighter), at longer radio wavelengths more uniform and faint. The CMB overlay is drawn
using an off-screen framebuffer (FBO): first rendering the scene, then compositing the CMB on top
with slight transparency, or perhaps as a backdrop that is lens-distorted by massive objects (see next
item). This inclusion reinforces the cosmic scale of the simulation and ties into the theme of ultimate
fate (CMB is a remnant of the Big Bang, and how it cools down is part of the Big Freeze scenario).

Gravitational Lensing & Distortion Effects: Massive objects (like stars, neutron stars, black holes,
or  galaxy  clusters)  will  produce  visual  distortions  of  background  light,  mimicking  gravitational
lensing from general relativity. We will implement this via a post-processing shader that warps the
rendered image based on mass concentration fields . The approach is to first render the whole
scene to a texture each frame. Then, for each massive body, apply a shader that acts like a small
magnifying glass on that texture at the body’s position . This shader will sample the off-screen
texture with an offset to bend light around the object. The effect will be calibrated: e.g., a black hole
will  have  a  strong  lensing  radius  (creating  a  noticeable  circular  distortion  or  Einstein  ring  of
background stars/nebula around it), whereas a normal star might produce only a subtle ripple or
magnification . The lens distortion can be parameterized by each object’s mass – higher mass =
stronger and larger radius distortion. We also ensure these effects accumulate if multiple masses
line  up  (as  in  real  gravitational  lens  stacking).  This  feature  adds  a  “wow  factor”  and  visualizes
relativistic effects: the user might see background starfields smeared into arcs or duplicated images
when looking near a black hole, for instance . The original code had a “lens ball” shader for a
user-controlled  lens;  we  will  adapt  that  concept  by  attaching  it  to  objects  automatically .
Additionally, in Layered multiverse mode, if two universe layers overlap with their own objects, the
interference field between them can also be visualized as a distortion – akin to a ripple or shimmer
that appears where objects coincide. This could use a similar approach: at overlap regions, apply a
sinusoidal  warping  or  a  color  aberration  effect  to  illustrate  the  inter-universal  quantum  chaos
happening there. All lensing and ripple effects will be carefully tuned (with maybe a master checkbox
to turn lensing on/off) so that they enhance the scene without overwhelming it.
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Orbital  Trails  and  Planes: To  help  users  follow  object  motions,  we  include  options  to  render
trajectory trails and orbital planes for moving bodies. The existing simulation already had hidden
support for drawing trails and orbit disks (variables like trajChk  and planeChk  were toggles in
the code) . We will expose these clearly in the UI (e.g., checkboxes “Show Trails” and “Show Orbit
Planes”). When enabled, each planet, star, or other moving object will leave a fading trail tracing its
recent path . This can be drawn by storing a history of positions for each object and rendering a
line strip behind it, or by a shader that renders a moving glowing line. The trail length might be
adjustable (as in the original, a “Trail Length” slider defines how long the path lingers) . Visually,
we can make older segments of the trail dimmer to indicate the direction of motion (a fading tail).
Orbit  planes  are  imaginary  discs  representing  the  flat  plane  in  which  an  object  orbits  (useful
especially for planets orbiting a star or binary stars orbiting each other). We draw these as wireframe
circles  or  translucent  disks.  For  each  orbiting  pair,  we  calculate  the  plane  (e.g.,  via  the  angular
momentum vector) and project a circle. The original implementation drew a circular outline; we will
refine if  needed, e.g.  drawing a filled translucent ellipse to better indicate tilt .  Each universe
could have its  trails/planes colored differently  (e.g.,  Universe A’s  trails  are blue,  Universe B’s  are
green)  to  distinguish  overlapping  orbits  in  layered  mode .  This  feature  greatly  aids  in
understanding the dynamics: one can see, for example, two binary star trails chasing each other, or a
rogue  planet’s  path  as  it  cuts  through  a  solar  system.  In  layered  mode,  it  can  also  highlight
differences (if trails in two layers diverge, etc.). Users can always toggle these off if the visualization
becomes too cluttered .

Adaptive Interference & Quantum Fluctuation Visuals: Especially for the layered multiverse, we
add specialized effects to illustrate the chaos field and quantum fluctuations. This includes flickering
lights  or  noise  patterns  where  universes  overlap  (simulating  random  quantum  events  at  the
boundaries) .  We  might  use  a  fullscreen  shader  with  Perlin  noise  that  is  modulated  by  an
“interference strength” field – when two layers overlap,  the noise amplitude increases causing a
subtle  grain  or  wave  in  that  region .  Also,  small  random  lensing  ripples  could  appear
spontaneously (“micro-lensing” events), reflecting high entropy. If the Quantum Fluctuations slider
is  high,  stars  could  intermittently  blur  or  split  momentarily  as  a  visual  metaphor  for  quantum
uncertainty (e.g., rendering a star as a double image for a few frames to suggest a superposition
state,  then collapsing back) .  These are creative,  optional  effects to drive home the theme of
uncertainty and complexity when many worlds interact. They will be tied to the Entropy/Chaos level –
higher entropy makes these fluctuations more frequent and pronounced . 

The rendering pipeline will thus involve multiple passes: one pass renders all celestial objects and perhaps
basic nebula to a texture; subsequent passes apply lensing and interference shaders using that texture, and
composite nebula glow, CMB, trails,  etc.,  on top. We will  leverage WebGL2 features like multiple render
targets and framebuffers to manage these effects efficiently. Despite the added complexity, each effect is
designed to be toggleable for performance tuning. For example, the user can disable lensing or lower trail
length if the frame rate dips. The end result is a visually rich simulation where the graphics are not just eye-
candy but also convey the underlying physics – gravity wells bend light, overlapping universes cause ripples,
and the nebula coloration reflects different fundamental constants per universe.

User Interface Enhancements and Controls

To handle the expanded feature set, the simulation’s user interface will be significantly enhanced with new
controls, indicators, and interactive elements. The goal is to keep the UI intuitive and organized despite the
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many options. We will group controls into sections (e.g. Basic Forces, Advanced Physics, Environment, etc.)
and use sliders, toggles, and live displays. Key UI updates include:

Physics Force Toggles: We will present checkboxes or switches for each fundamental force/domain
that  can  be  toggled.  For  example:  Gravity,  Electromagnetism,  Strong  Force,  Weak  Force, 
Relativity,  Quantum Fluctuations,  Entropy/Chaos. The original UI already had basic checkboxes
for Gravity, EM, Strong, Weak (though they were largely visual in effect). In the new UI, these toggles
actually enable/disable the effect of each force on the simulation. For instance, unchecking Gravity
could  turn  off  gravitational  attraction  (for  experimental  scenarios),  Electromagnetism  could  be
toggled to activate charge-based interactions or magnetic field visuals, etc. Sliders will accompany
some of these to control strength levels – e.g. an Entropy Level slider (or “Chaos level”) to control
the  rate  of  random  events ,  an  Interference  Strength slider  for  multiverse  quantum
coupling (as mentioned) , and possibly a Relativistic effect slider to exaggerate or dial down the
lensing distortion. These advanced physics controls might reside in an “Advanced Physics” panel,
while more familiar ones (like Gravity on/off) remain in the main panel . Tooltips will be provided
to explain each (e.g., “Strong Force: binds particles (nebula clumping) when on”). By adjusting these,
the user can effectively dial the universe’s physical laws and observe the outcome in real-time.

Scenario and Multiverse Selection: The top of the UI will let the user choose the scenario (Solar
System, Galaxy, Cluster,  etc.,  plus the new  Multiverse).  If  Multiverse is selected (or if  a separate
toggle “Enable Multiverse” is on), additional controls appear to configure Bubble vs Layered mode
and the number of universes. For Bubble mode, we might have a dropdown or slider for “Number of
universes” (e.g., 2, 3, 4) and possibly a way to tweak each universe’s constants (maybe a sub-panel
where for each universe one can adjust G, etc., or simply randomize them for variety). For Layered
mode, controls like “Number of layers” and the Quantum Coupling slider (interference strength) are
shown . The UI will visually indicate the active mode (for example, highlighting the word “Bubble”
or “Layered”). If Bubble mode is active, we could also label each viewport/universe (Universe A, B,
etc.) with small on-screen text to avoid confusion.

Object Toggles and Sliders: Controls will be added for the new celestial object types. For instance:

A Binary Stars toggle or slider: e.g., a checkbox “Include Binary Star Systems” and/or a slider “Binary
Star Count” to inject a certain number of binary star pairs .
Rogue Planets control: perhaps a slider for the number of rogue planets to introduce, or a button to
“Spawn rogue planet” that can be clicked multiple times .
Protostars toggle/slider: e.g., a slider for percentage of stars that start as protostars, or an absolute
number of protostars in the scene .
Enhanced Nebula controls: an Ionization slider (0% = neutral gas, 100% = highly ionized, affecting
nebula brightness) , Mag Field slider (if not already present, controlling magnetism in the nebula
shader, which was in original UI), Nebula Density/Hue controls preserved from original, etc. We will
keep the “Shuffle Nebula” button that randomizes nebula seed positions .
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We also preserve existing controls like Star count, Planet count, etc., adjusting their behavior if needed in
multiverse mode (they might apply per universe or globally depending on design – likely per universe count
when multiverse is on, to avoid overwhelming the system).

Visualization Toggles: Checkboxes for Show Trails and Show Orbit Planes will be present (default
on, as they are great for educational value) . Another checkbox for Gravitational Lensing effects
can allow users to toggle the lens distortion shaders on/off easily. Possibly a Nebula toggle to hide
the nebula background if  one wants a clearer view of  objects  (useful  if  doing a minimal  run or
performance issues). In layered mode, we might have a Color-Code Universes toggle which, if on,
tints each universe’s objects/trails with a unique hue to tell them apart (as discussed, e.g., Universe 1
in cool colors, Universe 2 in warm) .

P ~ NP Visual Matrix (Decision Heatmap): A novel addition to the UI is a panel that visualizes a
matrix related to the P vs NP “problem” as an analogy for the complexity arising in the simulation.
This panel could be a grid of cells or a heatmap that updates in real time, driven by the collective
outputs of the objects’ perceptron networks. The idea is to treat each object’s neural net decision as
a small vote or computation, and aggregate these into a matrix that symbolizes a computational
problem being solved in the background. For example, imagine a 2D grid where each cell’s color/
value is determined by some property of an object or a pairwise interaction (like one axis indexing
objects, another axis indexing force types or events). As the simulation runs, objects might “decide”
on certain states (e.g., whether to explode, whether to merge, etc. – binary yes/no decisions), and we
plot these decisions in the matrix. Over time, patterns might emerge in the heatmap, and the system
could be interpreted as trying to converge to a solution. Labeling it “P ~ NP” is a playful nod – the
simulation’s perceptron network is tackling an extremely complex, perhaps intractable, problem (the
fate of a universe) in a way that no polynomial algorithm could easily predict, drawing an analogy to
the famous P vs NP complexity question. The matrix could also be presented as a decision tree or
evolving graph, but a heatmap grid updated live is likely easier to render. It provides a visual quorum
or  consensus  map  of  all  the  mini  “decisions”  happening  in  the  simulation.  This  is  mostly  a
conceptual/educational visualization, but it underlines the theme of emergent complexity. The user
will  see this  matrix  updating and can interpret  that  as the “brain”  of  the simulation at  work.  (If
desired,  we  might  eventually  link  this  to  a  specific  NP-hard  problem,  like  each  object’s  state
corresponds to a clause in a satisfiability problem, and the simulation is trying to satisfy all – but
that’s an aside; the primary idea is to show a cool, complex visual pattern driven by the simulation’s
AI layer.)

Entropy and Fate HUD: We will expand the heads-up display to show global statistics about the
universe  and  hint  at  its  fate.  The  HUD  can  list  metrics  like  Average  Entropy,  Total  Mass/Energy, 
Expansion  Rate,  etc.,  updated each frame .  Most  importantly,  based on these metrics  we will
display a forecast of the cosmic end scenario: Big Crunch, Big Freeze (Heat Death), or Big Rip. This
can be shown as a text readout or even a small chart. For example: “Projected Fate: Big Freeze (heat
death) likely” or “Projected Fate: 30% Crunch, 70% Rip”. Under the hood, this forecast is determined
by the simulation’s current parameters in a probabilistic model.  We will  use known cosmological
criteria: if the average density is high and expansion is slowing, lean towards Big Crunch (re-collapse)

; if expansion is accelerating unchecked (high dark energy analogue), Big Rip is on the table ;
if expansion continues but slowly decelerates or just coasts, Big Freeze heat death is likely . The
perceptron network can incorporate these calculations – essentially acting like a trained predictor
that outputs probabilities for each fate given the state of the universe (expansion rate, entropy, etc.).
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We visualize this as maybe a simple bar graph or colored indicator for each scenario (Crunch, Freeze,
Rip). As the simulation runs and the user tweaks parameters, this prediction updates in real time. For
instance,  turning up entropy (chaos)  and dark-energy-like expansion might  swing the prediction
towards Big Rip (since a rapidly accelerating, chaotic expansion would tear everything apart) .
Conversely,  enabling  strong  gravity  and  low  entropy  might  shift  towards  Big  Crunch  (orderly
collapse).  This  feature  gamifies  the  cosmology:  the  user  can  see  how close  their  universe  is  to
different end states. It also reinforces understanding: e.g., if gravity > expansion, collapse happens
(Crunch); if expansion >> gravity, heat death or Rip happens . The HUD will also display basic
info like FPS, current time step, and possibly an option to  pause/slow time so that the user can
freeze the simulation and inspect  these outcomes (a pause button can be added to control  the
simulation loop speed).

With these UI  components,  the user is  empowered to control  virtually  every aspect  of  the simulation’s
physics  and  visualize  high-level  outcomes.  The  layout  will  likely  consist  of  a  sidebar  or  overlay  panel
grouping controls logically (forces, objects, environment, etc.), and a corner HUD for stats. We will use a
dark  translucent  style  for  the  UI  to  blend  with  the  space  background  (as  in  original  Uniphiglow) ,
ensuring the text is readable (bright or color-coded text). Despite the many controls, sensible defaults and
auto-adjustments will make the simulation run nicely out of the box (for example, by default a moderate
entropy and all forces on, producing a lively but not insane universe).

Underlying Math Models and Cosmic End Forecasting

The simulation’s engine will incorporate a range of mathematical models and theories to drive the behavior,
making it  not only visually impressive but conceptually rich. Key theoretical  frameworks influencing the
design include:

Newtonian and Quantum Chaos: We combine classical mechanics with chaotic dynamics and a
dash  of  quantum  uncertainty.  Gravitational  interactions  are  handled  via  an  N-body  Newtonian
gravity solver (suitable for small to moderate numbers of bodies). However, to simulate chaos and
the  sensitive  dependence  on  initial  conditions,  we  introduce  small  random  perturbations  when
entropy is high . Collisions or close passes can trigger random outcomes (e.g., fragmentation,
velocity kicks) to mimic chaotic events like slingshots or supernovae in unpredictable timing . We
interpret “quantum chaos” loosely as the idea that at microscopic or multi-world level, unpredictable
fluctuations can affect the macro state – which we realize through the layered interference and by
occasionally  randomizing  an  object’s  state  when  the  Quantum  Fluctuation toggle  is  on  (for
example, randomly flipping a rogue planet’s trajectory very slightly, as if it tunneled to a new path).
The perceptron networks inject pseudo-randomness as well, since their activation can be threshold-
based with noise input. All these ensure no two simulation runs are identical if chaos is enabled,
reflecting how entropy and quantum effects lead to diverse outcomes.

Information Theory & Entropy Fields: We explicitly track entropy in the simulation as a measure of
disorder. The entropy value increases with each random event (e.g., each supernova or collision adds
to entropy) and as systems equilibrate (e.g., planets getting flung out increases disorder). We tie this
to the second law of thermodynamics conceptually – as time progresses, entropy tends to increase.
The Entropy/Chaos slider in the UI effectively sets the baseline rate of entropy increase . At low
entropy settings, the universe is more deterministic and stable; at high entropy, spontaneous events
(supernovae, gamma ray bursts, collisions) occur more frequently . We utilize information theory
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by treating the simulation state as containing information that can degrade as entropy rises – for
instance, the P~NP matrix visualization can also be seen as an information heatmap, and as the
simulation heads towards heat death (maximum entropy), that matrix might show a homogenized
state (no distinct information left, akin to thermal equilibrium). We might even calculate a Shannon
entropy of some distribution in the simulation (perhaps the velocity distribution of particles or the
energy distribution across space) and display that as the “average entropy” in the HUD . If we
reach  a  scenario  where  entropy  is  maximal  (everything  is  evenly  distributed,  which  would
correspond to a Big Freeze/heat death), we could visually cue this (the heatmap goes uniform, the
nebula  noise  becomes  a  uniform  grey,  etc.,  indicating  maximal  entropy  where  no  information
gradients  remain ).  Conversely,  a  Big  Crunch  (low  entropy  endstate)  might  show  the  matrix
becoming highly ordered (perhaps all perceptrons synchronizing to one state as matter coalesces).
These are speculative ties, but they provide a narrative: the simulation isn’t just points moving, it’s
also computing the “information” of a universe.

Geometric  and  Topological  Visualization: We  leverage  geometry  for  things  like  orbit  planes
(visualizing the plane of rotation) and the global shape of space. If time permits, we could even allow
non-Euclidean visualization for different universe geometries (open, flat, closed universes) – though
by  default  we  assume  a  flat  space  for  simplicity.  However,  the  fate  forecasting  logic  internally
considers the density parameter Ω (omega) which relates to universe geometry . If we detect a
scenario akin to Ω > 1 (closed universe, high density), our predictor leans towards Big Crunch; Ω < 1
(open  universe,  low  density)  leads  to  endless  expansion  (Big  Freeze/Rip) .  This  isn’t  directly
rendered, but it is part of the math model behind the scenes. Topologically, layered universes can be
thought of as stacked branes (membranes) in higher-dimensional space, per some string theory or
brane cosmology ideas . We hint at this by showing those translucent membranes at interference
boundaries in layered mode. Essentially, we give a nod to the idea that parallel universes might be
4D branes that sometimes collide or influence each other (the Big Bounce or cyclic universe model)

. Our simulation can’t fully simulate higher-dimensional topology, but we use the layered overlay
as a visual metaphor.

String-Theory-like Modular Coupling: In designing the simulation architecture, we borrow the idea
of modular coupling from string theory – different fundamental interactions (gravity, EM, etc.) are like
modes that can be turned on/off, but ultimately they unify in one framework. We implemented the
forces as modular components in the code (each can be applied or not), yet the objects experience
them simultaneously when active, producing combined effects. The perceptron network can be seen
as an extra “module” coupling to all forces – it takes inputs from gravity, EM, entropy, etc., and can
output an action that feeds back into the physical simulation (closing the loop). This layered modular
approach ensures that adding or removing one force cleanly affects the system without breaking
others, analogous to how string theory tries to incorporate all forces in a single coherent model. As
an analogy, each universe in bubble mode might have a slightly different mix of these modules (one
with  a  stronger  gravity  module,  one with  weaker,  etc.),  similar  to  how string theory  landscapes
involve different vacuum solutions with varied constants. While this is more a conceptual design
principle, it guides us in keeping the code organized by domains (gravity module, EM module, etc.,
all orchestrated together).

Probabilistic Cosmic Fate Forecasting: As described in the UI section, the simulation will estimate
the likely end state of the universe based on current conditions. We implement this by using known
cosmological  models:  if  the combined gravitating mass and energy in  the simulation exceeds a
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critical  threshold (indicative of  a closed universe),  the fate tends toward a  Big Crunch (eventual
recollapse) . If expansion appears dominant (we can measure, for instance, the average velocities
of galaxies or distance between far objects increasing), and especially if we simulate a “dark energy”
effect via an accelerating expansion toggle, then a  Big Rip becomes plausible – where space itself
expands so fast that eventually galaxies, stars, and even atoms are torn apart . Otherwise, an
ever-slowing but never stopping expansion results in  Heat Death (Big Freeze),  where in the far
future all stars burn out and the universe cools to near absolute zero with maximum entropy . We
may not run the simulation long enough to see those ends, but we project them using a simplified
model and display probabilities. Internally, this could be done with a few heuristic rules or even a
small machine learning model (the perceptron network could double here: we could designate a
subset of the network to take global parameters and output a classification for fate). For example, if
we normalized inputs like current expansion rate, total mass, and dark-energy slider, a neural net
could  be  trained  offline  (or  hardcoded via  known physics  equations)  to  output  probabilities  for
Crunch/Freeze/Rip. These probabilities update in real time, giving the user insight into the direction
of  their  universe.  This  is  firmly  grounded  in  accepted  cosmology:  a  flat  or  open  universe  with
accelerating  expansion  leads  to  Big  Freeze  or  Big  Rip,  while  a  sufficiently  dense,  decelerating
universe ends in a Crunch . By presenting it live, we allow an interactive exploration of these
scenarios (e.g., the user can try to create conditions for each fate and watch the predictor change).
It’s  an  educational  highlight  tying  our  simulation  back  to  real  scientific  discussion  about  the
universe’s destiny.

In summary,  the simulation doesn’t  just hard-code behaviors;  it  interweaves various scientific concepts.
Gravity and N-body dynamics provide the backbone for orbital motion. Chaos theory and entropy ensure we
simulate the trend toward disorder and incorporate randomness in a controlled way. Information theory
perspective lets  us  treat  the simulation state as  an evolving computation (hence the P~NP matrix  and
entropy  measures).  Quantum and  multiverse  theories  inspire  our  overlapping  worlds  and  interference
visuals, adding depth to what could happen if multiple realities were in play. And cosmological models are
used to  interpret  the  large-scale  behavior  of  our  simulated universes,  even forecasting their  final  fate
similar to how astrophysicists predict the fate of the real cosmos. All these models are implemented in an
algorithmically simplified manner (to run in real-time in a browser),  but they provide a rich tapestry of
behavior that makes the simulation educational as well as entertaining.

Architecture, Performance Optimizations, and Code Structure

Creating this  all-in-one HTML WebGL2 simulation demands careful  attention to  performance and code
organization. We will structure the code in a modular, class-based way while leveraging GPU acceleration for
most heavy computations and rendering. Some important implementation and optimization details:

Unified  HTML  File  Structure: The  final  deliverable  is  a  single  HTML  file  containing  everything
needed . In the  <body>  we will have the WebGL <canvas id="gl">  for rendering, and UI
elements (controls and HUD overlays as HTML  <div> / <input>  elements styled with CSS). The
<script>  section will include all JavaScript code for the simulation. We will define classes such as
World  (encapsulating  one  universe’s  data  and  logic),  CelestialBody  (base  class  for  stars,

planets, etc.), and specific subclasses for BinaryStar, RoguePlanet, etc. The code will likely load initial
scenarios (setting up arrays of bodies for Solar, Galaxy, etc.) and then enter an animation loop. We
will  embed  shader  code  either  as  template  strings  in  JavaScript  or  as
<script  type="x-shader/x-vertex">  and  <script  type="x-shader/x-fragment">
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blocks within the HTML, to keep it self-contained. No external libraries are strictly needed – we can
use plain WebGL2 and vanilla JS, ensuring the simulation runs just by opening the HTML file in a
browser . This unified approach means merging prior separate demos (if nebula was separate,
etc.) into one cohesive codebase . We will maintain clear separation of concerns within the code:
e.g.,  a  section  for  physics  calculations  (force  integration,  collisions),  a  section  for  rendering
(initializing  shaders,  drawing  objects,  applying  post-processing),  and  a  section  for  UI  events
(handling slider changes, toggling features).

GPU-Friendly Performance: We utilize WebGL2 capabilities to keep performance smooth even with
many objects:

We will represent collections of objects in buffer data so that we can draw many of them in a single
call. For instance, all stars can be drawn as an instanced geometry or as points in one draw call, by
uploading their positions and other attributes to GPU buffers . The original Uniphiglow code
batched body positions and colors to draw a whole system at once ; we will continue this pattern.
We might extend it by using different shaders for different object types (e.g., a point sprite shader
for stars, a textured sphere for planets) but we can still batch by type.
Frame loop optimization: We run the simulation on requestAnimationFrame , but if the system
is overloaded (especially in multiverse mode with many objects), we might dynamically reduce the
update frequency or use a smaller time-step. A potential feature is a throttle or pause control – the
UI can have a Pause button to halt the simulation (for inspecting, as mentioned) and maybe a speed
slider (0.5x, 1x, 2x time) to let advanced users control the simulation rate . 
Multiple Viewports: For Bubble multiverse, after updating each World, we will render each to a
portion of the canvas. Using gl.viewport , we can allocate, say, left half of the canvas to Universe
A and right half to Universe B, and draw the scene twice (offsetting any UI or labels accordingly) .
If we have more than two, we could grid them (e.g., 2x2 grid for 4 universes). This effectively splits
resolution, which actually helps performance – each universe’s draw is smaller. We just need to
ensure to clear depth/color buffers appropriately between draws. Using scissor tests can also
guarantee no overlap in drawing regions. This approach, as noted, will reduce per-universe detail
proportionally but keeps aggregate workload reasonable.
Layered Rendering: In layered mode, we have to draw multiple worlds into the same viewport. We
can either: (a) draw each world’s objects one after the other with blending enabled (and possibly no
depth test, so they don’t occlude each other) ; or (b) render each world to its own texture and
then blend the textures. Option (a) is simpler and likely fine if we handle blending modes carefully.
We will assign a semi-transparent alpha to each layer’s objects or use an additive blending for
certain effects so that overlapping objects visually brighten or color-mix (this creates a natural
overlap highlight, akin to interference patterns) . We have to disable depth testing between
layers or use depth buffer trickery to avoid one universe’s star hiding another’s that is behind it at
the same location. This ensures the ghostly overlay look.

LOD and Counts: We will keep object counts scalable. For example, if user selects Galaxy scenario,
we might have by default a few hundred stars in that galaxy. If they then turn on Bubble mode with
4 universes, we have 4 galaxies with a few hundred each – maybe borderline but still a thousand or
so total, which WebGL can handle. If performance suffers, we may internally cap certain things (the
code can warn or auto-reduce detail if too many objects). Also, certain heavy features (like lensing
shader) could be auto-disabled if frame rate drops (we can measure time per frame and if below a
threshold, temporarily turn off or simplify effects, with perhaps a UI indicator “Performance mode
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activated”).  These  are  considerations  to  ensure  even  with  everything  enabled,  the  simulation
remains interactive.

Physics  Engine  Efficiency: N-body  gravity  is  O(N²)  if  done  naively,  which  can  bog  down  with
hundreds of bodies. We have a few strategies:

If the scenario has a large number of objects (like a dense star cluster with 1000 stars), we might
implement a simplified gravity model: e.g., use a Barnes-Hut tree approximation for gravity, or
update gravitational interaction less frequently (maybe every few frames) while updating positions
every frame. However, given moderate counts (we might try to keep total bodies under, say, 500 by
default), a straightforward calculation might suffice in JavaScript. We can optimize using typed arrays
and possibly GPU computing (WebGL2 can do transform-feedback or use a fragment shader to
compute gravity in parallel). An advanced optimization could be to use a compute shader (if using
WebGL2 compute, or an offscreen framebuffer ping-pong to integrate positions). For now, clear
structure and possibly selective interaction (like within each universe primarily) can keep it
manageable.
Collisions: If we allow objects to merge or bounce (like star collisions or rogue planet impacts), we’ll
implement a basic collision detection with a threshold distance. This is O(N²) to check too, but we
might restrict it to within the same universe or use spatial partitioning. Mergers (like two stars
merging into one) will reduce object count dynamically (which ironically helps performance as the
simulation runs longer!).

The neural perceptrons in each object are lightweight (a few input parameters like local density,
velocity, etc., feeding maybe one hidden layer). These can be computed quickly on CPU per object.
Since they are independent per object, it’s trivial to parallelize if needed (though JavaScript threading
is limited, we likely won’t go there, but could consider Web Workers for physics if absolutely needed).

Modular Code and Scene Graph: We will organize the simulation with classes and modules:

A World  class will represent one universe, containing an array of bodies and possibly field
parameters (like its gravity constant G, electromagnetic constant, etc.). It will have methods to
initialize a scenario (populate bodies), update physics each timestep, and render its contents (though
rendering might be handled globally by the main loop for all worlds).
A base CelestialBody  class for common properties (mass, position, velocity, type, maybe charge,
etc.) and an update method for physics (e.g., applying forces). Subclasses like Star , Planet , 
BlackHole  might set different default properties or visuals. BinaryStar  might be a special case

that actually holds two Star instances internally. Nebula  might not be a typical object but we can
have a class managing nebulas (mostly to update shader parameters).
A NeuralPerceptron  class that each body can instantiate or inherit. This class holds weights and
an activation function. It will take inputs (which we define, e.g., local gravitational field strength,
current entropy level, maybe a random noise input) and produce an output (like a decision flag or
adjustment to that body’s behavior). We might use a simple feed-forward with one layer for now. The
perceptron for, say, a star might output “go supernova” probability; for a rogue planet, maybe
“change course” or “no change”; for a black hole, maybe something like “emit jet” or “remain quiet”.
The outputs then influence the simulation state (if a star’s perceptron fires true on supernova, we
trigger that event for that star).
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Rendering modules: We will have shader programs for different purposes – one for drawing celestial
bodies (could be basic point sprites or meshes), one for the nebula background (full-screen fragment
shader), and one for post-processing lens effects . We manage switching these programs and
binding appropriate buffers in the render loop. The code might maintain multiple framebuffers if
needed (one for scene, one for final compose).
UI code: We will set up event listeners for each UI control (e.g., 
document.getElementById('gravityCheckbox').onchange = function() 

{ world.gravityOn = this.checked; } , etc.). Changes will instantly reflect by updating the
relevant simulation parameters or uniforms. The existing pattern from Uniphiglow likely did similar
updates (e.g., adjusting a uniform for magnetism when slider moves) . We continue that pattern
for new controls. Sliders for numeric values directly feed into simulation variables (with perhaps
some scaling factor).

This modular approach ensures clarity and maintainability. One can read the HTML file and see distinct
sections for configuration, class definitions, shader sources, initialization, and the main loop.

Feedback Loops and Stability: With so many features interacting, we’ll carefully test to maintain
stability. For instance, turning on all forces to max with high entropy might cause wild swings. If the
simulation  “blows  up”  numerically  (e.g.,  objects  accelerated  to  extremely  high  speeds),  we’ll
introduce clamps or dampening. We might cap velocities or apply a form of drag in high-entropy
mode to prevent the system from diverging to infinity (like a simple check that if a velocity is above a
threshold, scale it down). The perceptron decisions can also include some stabilizing logic (they could
be trained or set to avoid extreme outcomes too frequently). Essentially, we create a feedback loop:
as entropy grows, events happen which can reduce the number of objects (supernovae can eliminate
a star or turn it into a black hole plus debris) thus preventing exponential growth of chaos. If too
many bodies congregate (risking very slow computations),  some could merge into one (reducing
complexity). These feedbacks, some emergent and some explicitly coded, will keep the simulation
manageable. We’ll document these limits or interventions in comments for transparency.

Testing and Quality: Throughout development, we will test each scenario and feature combination
methodically. Start with one universe and basic gravity to ensure orbits work. Then add one new
object type at a time, test interactions. Then enable multiverse with two bubbles, check side-by-side
consistency. Test layered overlay with two universes not interacting (should just overlay peacefully)
then gradually increase interference. Check UI controls one by one. This prevents the final product
from being chaotic in the wrong ways (unintended bugs). The code will include comments and be
formatted for readability, using clear naming (no cryptic variables). Performance hotspots will  be
noted (e.g., we might comment “// TODO: optimize this loop if object count > X”). By using classes
and not  overly  long functions,  the  code remains  organized.  WebGL state  management  (binding
framebuffers, enabling/disabling depth, blend modes) will be encapsulated near where needed, and
we’ll reset state appropriately to avoid leaks between rendering passes.

In terms of code quality, modular design and clear separation as described will make the single-file code
lengthy  (possibly  a  few  thousand  lines  including  shaders)  but  navigable .  We  prefer  clarity  over
minification, since this is as much a learning project as a deployment artifact. The end result is an HTML file
that one can open to instantly run the multiverse simulation, with a rich set of controls and visualizations at
their fingertips.
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By integrating all these features, the expanded Uniphiglow simulation becomes a Unified WebGL2 Multiverse
Simulator that not only depicts solar systems, galaxies,  and clusters,  but allows multiple universes with
different physics to coexist on screen. It introduces new celestial phenomena (binary orbits, rogue bodies,
star  formation)  and  ties  in  fundamental  forces  in  an  interactive  way.  The  enhanced  graphics  (nebula
shaders, gravitational lensing, cosmic background, etc.) provide visual awe while also conveying scientific
concepts  like  relativity  and  quantum  uncertainty.  The  user  interface  empowers  experimentation  with
physical laws and shows live feedback (through the P~NP matrix and fate predictions) linking the simulation
to deeper computational and cosmological ideas. All  of this is achieved with high-performance WebGL2
rendering and well-structured JavaScript, delivered as a single self-contained HTML file for ease of use. This
simulation will be both a captivating visual experience and a sandbox for exploring "what-if" scenarios in a
fictional multiverse – all in real time in the browser, demonstrating the power of modern web technologies
for scientific outreach and creative visualization.

Sources:

Expansion design and features based on Expanding Uniphiglow: Unified WebGL2 Multiverse Simulation
with Enhanced Features .

References  on  astrophysics  and  cosmology  for  multiverse  theory  and  universe  fate:  parallel
universes interacting ; binary star science ; rogue planets definition ; protostar formation

; star cluster dynamics ;  gravitational lensing visuals (NASA Hubble) ;  entropy and heat
death (Big Freeze) vs Big Rip vs Big Crunch criteria . 

Expanding Uniphiglow_ Unified WebGL2 Multiverse Simulation with
Enhanced Features.pdf
file://file-VWjtSnYuNPkUdqSLZ9S1Nm

Ultimate_fate_of_the_universe.html
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/
Ultimate_fate_of_the_universe.html

• 
4 9 21 25 28 31 36 40 41 45 51 58 3 71 73 17

• 
79 21 25

28 80 40

60 59

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 61 62

70 71 72 73 74 75 76 77 78 79 80

59 60 63 64 65 66 67 68 69

15

file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Bubble%20Multiverse%20Mode%3A%20Introduce%20a,this%20can%20be%20achieved%20by
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Layered%20Multiverse%20Mode%3A%20In%20this,from%20different%20universes%20overlay
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Binary%20Stars%3A%20Pairs%20of%20stars,body%20system%29.%20The
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Rogue%20Planets%3A%20Planets%20that%20do,We%20will%20spawn%20rogue
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Protostars%3A%20These%20are%20collapsing%20gas,the%20heat%20of%20gravitational%20collapse
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=chaos%2C%20%20etc,tie%20%20the%20nebula%20motion
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=unstable%20particles%20in%20the%20nebula,radial%20inward%20pull%20near%20the
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Gravitational%20Lensing%20and%20Field%20Ripple,controlled%20lens%20effect%29%20.%20We
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=code%20already%20had%20a%20%E2%80%9CLens,We%20have
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Orbit%20Planes%20and%20Trajectory%20Trails%3A,Trajectories%E2%80%9D%20and%20%E2%80%9CShow%20Orbit%20Planes%E2%80%9D
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Chaos%2C%20Entropy%20and%20Random%20Events%3A,supernovae
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=HUD%20Overlays%20for%20Stats%3A%20The,up%20display
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=mode%2C%20they%20get%20the%20classic,its%20%20contents%20in%20a
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Code%20Structure%3A%20The%20single%20HTML,physics%2C%20%20a%20%20render
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Performance%20%20Considerations%3A%20We%20,different%20object%20types%20by%20using
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=inspection%29.%20,all%20%20objects%20%20in
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=they%20%20produce%20%20interference,one%20from
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Binary%20Stars%3A%20Pairs%20of%20stars,body%20system%29.%20The
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Rogue%20Planets%3A%20Planets%20that%20do,We%20will%20spawn%20rogue
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Protostars%3A%20These%20are%20collapsing%20gas,the%20heat%20of%20gravitational%20collapse
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=types%20%20,%E2%80%9CEnhanced%20clusters%E2%80%9D%20also%20means
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Gravitational%20Lensing%20and%20Field%20Ripple,controlled%20lens%20effect%29%20.%20We
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L1-L3
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L2-L5
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Integration%20of%20Prior%20Features%3A%20The,spawn%20two%20or%20more%20galaxy
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=It%20will%20contain%3A%20,All
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=mode%2C%20they%20get%20the%20classic,its%20%20contents%20in%20a
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Bubble%20Multiverse%20Mode%3A%20Introduce%20a,this%20can%20be%20achieved%20by
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=More%20generally%2C%20an%20array%20of,compare%20%20how%20varying
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=using%20viewports%20to%20draw%20separate,allow%20choosing%20this%20Bubble%20Multiverse
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=number%20of%20bubble%20universes%20and,each%20a%20distinct%20visual%20character
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=universes%2C%20%20clearly%20%20delineated%2C,each%20a%20distinct%20visual%20character
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Layered%20Multiverse%20Mode%3A%20In%20this,from%20different%20universes%20overlay
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=exist%20and%20occasionally%20interfere,This%20%20draws
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=visual%20and%20physical%20interference%20effects%3A,force%20or%20field%20that%20causes
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=phenomena%3A%20research%20on%20%E2%80%9Cmany%20interacting,light%20%20or%20%20a
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=overlapping%20of%20their%20wavefunctions%20caused,of%20%20multiple%20%20realities
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=and%20chaos%20fields%20between%20layers,The
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=abstract%2C%20%20emphasizing%20%20interferometry,chaotic%20events%20where%20they%20intersect
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=instantiate%20multiple%20World%20objects%20,also%20need%20to%20manage%20more
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=inspection%29.%20,all%20%20objects%20%20in
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Similarly%2C%20%20layered%20mode%20might,hint%20at%20this%2C%20or%20we
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=carefully%20synchronize%20time%20steps%20for,the%20user%20to%20adjust%20counts
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=transparently,But%20since%20most%20of%20our
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Binary%20Stars%3A%20Pairs%20of%20stars,body%20system%29.%20The
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Implementing%20this%20%20means%20when,them%2C%20balanced%20by%20their%20masses
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=velocities%20perpendicular%20to%20the%20line,and
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=a%20toggle%20or%20slider%20for,body%20scales
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Rogue%20Planets%3A%20Planets%20that%20do,We%20will%20spawn%20rogue
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=a%20rogue%20planet%20can%20be,they%20could%20interact%20if%20they
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=velocities%20%20and%20%20positions,rogue%20bodies%20might%20occasionally%20pass
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Protostars%3A%20These%20are%20collapsing%20gas,the%20heat%20of%20gravitational%20collapse
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=visuals%20%20are%20%20desired,For%20user%20control%2C%20a
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=toggle%20%E2%80%9CProtostars%E2%80%9D%20can%20enable%20spawning,the%20nebula%20indicating%20ongoing%20formation
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=chaos%2C%20%20etc,tie%20%20the%20nebula%20motion
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=affecting%20%20the%20%20nebula,gas%20around%20%E2%80%93%20though%20that
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=nebulae%20or%20the%20interstellar%20medium,more%20free
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=magnetic%20%20%E2%80%9Cnet%E2%80%9D%20%20visual,to%20%20visually%20%20indicate
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=strength%E2%80%9D%20as%20sliders%20if%20those,possibly%20those%20actually%20correspond%20to
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=unstable%20particles%20in%20the%20nebula,radial%20inward%20pull%20near%20the
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=nebula%20a%20slightly%20different%20hue,The%20%20existing
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=charged%20nebula%20clouds%20to%20repel,around%20stars%20or%20planets%20%E2%80%93
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=have%20that%20ethereal%20nebula%20vibe,hue
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Gravitational%20Lensing%20and%20Field%20Ripple,controlled%20lens%20effect%29%20.%20We
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=code%20already%20had%20a%20%E2%80%9CLens,We%20have
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=concept%3A%20instead%20of%20a%20fixed,black%20holes%2C%20neutron%20stars%2C%20maybe
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=object%E2%80%99s%20%20position%20%20proportional,like
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=around%20each%20star%20or%20black,We%20can%20adapt%20that
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Orbit%20Planes%20and%20Trajectory%20Trails%3A,Trajectories%E2%80%9D%20and%20%E2%80%9CShow%20Orbit%20Planes%E2%80%9D
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=educational%20value%29,Visually%2C%20trails%20could%20fade%20out
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=prior%20code%20did%20this%20efficiently,The%20simulation%20can%20draw
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=dimmer,transparent%20discs%20or%20wireframe
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=orbits%20evolve%20,one%20can%20watch%20a%20binary
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=when%20the%20%E2%80%9CQuantum%20Fluctuation%E2%80%9D%20slider,For
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Chaos%2C%20Entropy%20and%20Random%20Events%3A,supernovae
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=match%20at%20L567%20collisions%20happen,more%20deterministic%20and%20stable%3B%20at
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=%E2%80%9CEntropy%2FChaos%20level%E2%80%9D%20%20will%20,simulated%20at%20any%20given%20time
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Advanced%20Physics%20section%20that%20includes,We%20might%20add
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Their%20orbit%20can%20be%20highlighted,body%20scales
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=%E2%80%9Cignites%E2%80%9D%20into%20a%20full%20star,the%20nebula%20indicating%20ongoing%20formation
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=screenshots%2C%20and%20the%20Shuffle%20Nebulae,features%20such%20that%20they%20don%E2%80%99t
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=HUD%20Overlays%20for%20Stats%3A%20The,up%20display
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=%E2%80%93%20if%20it%20does%2C%20we,elements%2C%20as%20in%20original
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=match%20at%20L571%20high%20entropy%2C,Or%20a%20rogue
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Delivery%3A%20The%20final%20deliverable%20is,All
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Code%20Structure%3A%20The%20single%20HTML,physics%2C%20%20a%20%20render
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=code%20as%20strings%20%E2%80%93%20no,into%20one%20cohesive%20codebase
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=Performance%20%20Considerations%3A%20We%20,different%20object%20types%20by%20using
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=drawing%20or%20single%20draw%20calls,We%20may%20use
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=sizes.%20,likely%20draw%20one%2C%20adjust
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=function%20for%20drawing,in%20the%20existing%20code
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=spheres%29%2C%20one%20for%20nebula%20post,in%20the%20existing%20code
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=would%20conflict%29,needed%2C%20or%20use%20a
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=they%20%20produce%20%20interference,one%20from
file://file-VWjtSnYuNPkUdqSLZ9S1Nm#:~:text=types%20%20,%E2%80%9CEnhanced%20clusters%E2%80%9D%20also%20means
file://file-VWjtSnYuNPkUdqSLZ9S1Nm
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L2-L5
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L1-L3
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L10-L12
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L32-L41
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L2-L9
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L18-L21
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L20-L29
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L14-L19
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html#L8-L11
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html
https://github.com/ajb2969/MLInformationRetrieval/blob/e7682cc2537f31fabfbc0175c61f9b5cdef1fc9a/html_documents/Ultimate_fate_of_the_universe.html

	Unified WebGL2 Multiverse Simulation (Uniphiglow Expansion)
	Preserving Scenarios & Introducing a Multiverse Mode
	Multiverse Simulation Modes: Bubble vs. Layered Universes
	New Celestial Object Classes and Unified Force Dynamics
	Advanced Rendering Pipeline Enhancements
	User Interface Enhancements and Controls
	Underlying Math Models and Cosmic End Forecasting
	Architecture, Performance Optimizations, and Code Structure


