
Flow Conservation !!!

Let’s Improve GFN



Empirical reward dis
0.1 = basic income = min reward 



the sink found here is a black hole !!!

3 node  -> 10 node choice  R(x) = n^10



Problem with Long Trajectories

overfitting to new found sinks 
very quickly

reward from terminal states
don’t propagate to early sates



trajectory balance, 
is computed on sampled full action sequences (trajectories) 
from the initial state to a terminal state

change Obj Func:



GFN in short

GFN is a sequential generative model based on flow networks, treating the root as a source and all 
possible generated objects as sinks, which generates objects proportionally to their reward.

Flow Conservation !!!



Motivatio
n

Need a better alternative sampling method than MCMC

- MCMC methods are typically slower to converge

- produce samples that are highly correlated

- lots of random-walk, modes (local minima) are not diverse enough.

The goal is to have:



GFN in practice

S:   State space

R:      Reward

A:      Actions



Reinforcement Learning 

Goal:



Back to GFN 

GFN is a sequential generative model based on flow networks, treating the root as a source and all 
possible generated objects as sinks, which generates objects proportionally to their reward.

Flow Conservation !!!



Flow Conservation



Flow Conservation

in-flow = out-flow : 



Training of GFN

GFN:

Loss = … 

theth -> Loss



Flow Matching Obj Func



Flow Matching Obj Func

But this is a bad Objective Function …



State 19: (0, 0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 
0, 0, 1, 0, 0, 8, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 
0, 0, 0, 0, 0, 0, 0, 0, 0), Reward: 0.6 

State 289: (8, 8, 8, 0, 0, 0, 1, 0, 0, 0, 0, 0, 0, 0, 8, 
8, 8, 0, 0, 8, 8, 0, 0, 0, 8, 8, 0, 0, 8, 8, 0, 0, 0, 8, 
8, 8, 0, 0, 8, 8, 0, 8, 0, 8, 8, 0, 0, 8, 8, 0, 0, 0, 8, 
8, 8, 0, 0, 8, 8, 0, 0, 0, 8, 8, 0, 0, 8, 8, 0, 0, 0, 
8, ), Reward: 2.6 

instead of 2d  -->   100d   
 if width = 8 then  size(s space) = 8^100
  to reach (8, 8, 8, 8 ……)   will take 8 * 100 steps !!!

Problem with Long Trajectories



Problem with Long Trajectories

overfitting to new found sinks 
very quickly

reward from terminal states
don’t propagate to early sates



trajectory balance, 
is computed on sampled full action sequences (trajectories) 
from the initial state to a terminal state

previously:

TB Obj Function

FM obj



trajectory balance, 
is computed on sampled full action sequences (trajectories) 
from the initial state to a terminal state

now:

TB Obj Function













So TB is the way to go?



SO TB is the way to go? Not Really…



SO TB is the way to go? Not Really…

This is also a bad Objective Function …



This is also a bad Objective Function …

High Loss 
not converging
Large variane
don’t fit well to new sinks



aka. sub-TB(λ)



FM: local sate

TB: entire sampling trajectory.



Hypothesized benefits.:

- Variance reduction.

- - Faster learning due to generalization of state 
flows.







SO sub-TB(λ) is the way to go?



Not Really…

This is also a bad Objective Function …

SO sub-TB(λ) is the way to go?





add energy at intermediate states, or equivalently, an additive energy decomposition

















2d grid 
example

S:   State space

R:      Reward

A:      Actions (up, right, stop)

Terminate the trajectory when
-    chose “stop” action by chance
- hit the boundary

done = s.max() >= self.horizon - 1 or a == self.ndim





the sink found here is a black hole !!!


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47

