My previous Talk was:

Omar Khayyam (1048-1131)

A Persian polymath, known for his contributions to:

Mathematics:

Solution of cubic equations, Saccheri-Khayyvam quadrilateral

Astronomy:
Jalali calendar

Philosophy and Poetry:

Quatrains (ruba'ivat «lel ;)

Read more: Link




| visited Omar Khayyam's tomb last month (:

The moving finger writes; and, having writ,
“ “ s

Moves on: Nor all your piet\_' nor wit " * T P
! - — Y2 VA Y
g o

Shall lure it back to cancel half a line
Nor all your tears wash out a word of it

(Omar Khayyam, 1048-1131)




Today's Talk

Generative modeling,
Diffusion Models,
and Dynamics
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Dynamics

The subject that deals with change, with systems that evolve in time.

Whether the system:
1. Settles down to equilibrium
2. Keeps repeating in cycles

3. Does more complicated things like Chaos
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Dynamical systems:

1. Iterated Maps

example
Mandelbrot fractal

Set of hyperparameter c for which this iterated

function:
Z =Z%+C
i+1 I
diverges or remains bounded (for an initial z value
of 0);

surprisingly complex behavior arises from a very
simple mathematical relationship

It is self-similar under magnification in specific
regions
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Dynamical View of the World

n=1

Number of variables—

n=2

n=3

n>>1

Continuum

1. Differential equatior

Linear

inearity

Nonl

Nonlinear

S Growih, decay, or

equilibrivm
Exponential growth
RC circuit

Radioactive decay

Fixed points
Bifurcations
Overdamped systems,

relaxational dynamics

Logistic equation
for single species

Oscillations

Linear oscillator
Mass and spring
RLC circuit

2-body problem
(Kepler, Newton)

Pendulum
Anharmonic oscillators
Limit cycles

Biological oscillators
(neurons, heart cells)
Predator-prey cycles

Nonlinear electronics
(van der Pol, Josephson)

p
|
|
|

Civil engineering,
structures

Electrical engineering

Collective phenomena

Coupled harmonic oscillators
Solid-state physics
Molecular dynamics

Equilibrium statstical
mechanics

The frontier

Chaos
Strange attractors |
(Lorenz) [

|
I

3-body problem (Poincaré)
Chemical kinetics

Iterated maps ( Feigenbaum) !
Fractals l
(Mandelbrot) |

Forced nonlinear oscillators
(Levinson, Smale)
Practical uses of chaos

Quantum chaos ?

Coupled nonlinear oscillators
Lasers, nonlinear optics
Noneguilibrium statistical

mechanics

Nonlinear solid-state physics
(semiconductors)

Josephson arrays

Heart cell synchronization
Neural networks

Immune system

Ecosystems

Economics

Waves and patterns

Elasticity

Wave equations
Electromagnetism (Maxwell)
Quantum mechanics
(Schridinger, Heisenberg, Dirac)
Heat and diffusion

Acoustics

Viscous Muids

Spatio-temporal complexity

Nonlinear waves (shocks, solitons)

Plasmas

Earthgquakes

General relativity (Einstein)
Quantum flield theory
Reaction-diffusion,

biological and chemical waves
Fibrillation

Epilepsy

Turbulent fluids (Navier-Stokes)
Life

{Ref: Strogatz, S. H. (2019). Nonlinear dynamics and chaos (2nd ed.). London, England: CRC Press.}
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Stability of dynamical systems

dxldt =x" —1

=1

-7

This system has a stable point at x=-1 and an unstable point at x=1
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BIFURCATIONS

qualitative changes in the dynamics

dxldt =r+ x>

(a) r<0

N

(by r=0

a bifurcation occurred atr =0
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Spontaneous Symmetry Breaking in Generative
Diffusion Models

Gabriel Raya’? Luca Ambrogioni®*
I Jheronimus Academy of Data Science  2Tilburg University  3Radboud University
“Donders Institute for Brain, Cognition and Behaviour
g.rayaQ@jads.nl, 1.ambrogioni@donders.ru.nl

Poster, 37th Conference on Neural Information Processing Systems (NeurlPS 2023).
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Takeaways

» Dynamics of diffusion models exhibit a spontaneous symmetry breaking.

» Early dynamics of sampling does not significantly contribute to the final generation,
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Spontaneous symmetry breaking in generative diffusion models.

375

35.0

one-dimensional problem o
with two data points

325

ulx, T—1t)

A linear steady-state dynamics

: : ] I
around a central fixed-point \ i
" -l"l 'I '

an attractor dynamics directed
‘// 600 500 400 300 200 100 0

towards the data manifold. Ditusion tie (7'~ )
(a) Symmetry breaking in 1D diffusion model
Figure 1: Overview of spontaneous symmetry breaking in generative diffusion models.
a) Symmetry breaking in a simple one-dimensional problem with two data points (-1,1). The figures
on the top illustrate the potential at different time points, while the bottom figure displays the
stochastic trajectories. The red dashed line denotes the time of the spontaneous symmetry breaking
(computed analytically). The red arrows represent fluctuations around the fixed-point of the drift.
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Impact of a late start initialization on FID performance

# 100

“in all datasets we see a sharp degradation in performance after
a certain initialization time threshold”

200

400 pppwM-1000 —— DDPM-1000 300
150 —— DDIM-10 —— DDOIM-10

—— PNDM-10 400 — pNDM-10
g —— pDIM-05 — DDIM-05

PHNDM-05 PNDM-05 400

300

200 500

100
600

1000 800 =] 400 200 1000 8O0 G600 400 200 200
Diffusion time Diffusion time
(a) MNIST (c) Imagenet64 500

Figure 4: Analysis of the model’s performance, as measured by FID scores, for different starting
times using three different sampling methods: the normal DDPM sampler with decreasing time
steps from 7" = 1000 to 0, and fast sampler DDIM and PSDM for 10 and 5 denoising steps. The
vertical line corresponds to the maximum of the second derivative of the FID curve, which offers a
rough estimate of the first bifurcation time. (e) Illustrates samples generation on Imagenet64, while
progressively varying the starting time from 1000 to 100.

900

(e) Imagenet late start generation
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Thank you for your attention!
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