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BUT how to Learn them ?



BUT how to Learn them ?

need a landscape
as reward function à

ß need a Generative Model



There are 4 cases
where Branching are Learnable

1: Markov Process w fixed Transition (time-invariant policy)

2: Tree structure in nature (only one way to reach the leave)

3: with Partial Reward signal over time. 

4: If the trajectories are optimal transport (OT) in nature
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4: If the trajectories are optimal transport (OT) in nature

proposition: branch  is learnable when only one optimal flow exist (easy to prove)

Danny Huang



Case 1: Markov Process w Time-Invariant Policy  (i.e. fixed transition matrix P over time)

toy-eg: 1 char DNA seq from {_, A, B}

fixed P over time



theoretical Flow

fixed policy



theoretical Flow

empirical Flow

(but what if policy is not fixed)

ie. Time-Variant Markov Process



terminal Reward distribution

what GFN learn?



what GFN learn?

to infer à



terminal Reward distribution

flowpolicy (transition)

given 
- State space
- Action space
- Reward

what GFN learn?



what GFN learn?



what GFN learn?

what’s the transition rule?



Case 2: Tree structure in nature (only one way to reach the leave)



Case 3: Agent gets Partial Reward signal on the Trajectory over time. 

Reward signal over time
(any prob distribution is learnable)



static Reward signal

Case 3: Agent gets Partial Reward signal on the Trajectory over time. 

dynamic Reward signal



Case 4: If the trajectories are optimal transport (OT) in nature

not diverse

diverse



???

is cell diff OT ?
if so GFN can simulate it !!!

Case 4: If the trajectories are optimal transport (OT) in nature

what’s this distribution?



diffusion is not evolution !!

OT can be ?



(empty)
(hypothesis*)



Evolution Learning

Biology Machine Learningß understanding à

is ?

we can 
understand
... from …

or vice versa 



Learning the Branching
to understand evolution 



Understand the Evolution 
to understand

Life, Universe, and Everything 

with branching and diversity 
we can


