
Discover Novel Genetic Circuit by GFN
(EvoGFN) or (GRN-GFN)



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



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:



Reinforcement Learning 

Goal:



Reinforcement Learning 

Goal:



GFN vs. 
RL

-    The objective of RL policies is to find trajectories that maximize return, 

- GFlowNets are trained so they sample terminal states that match some desired unnormalized probability 
function. (which is the reward function for GFlowNet)

- The value function in RL estimates an expected sum of downstream rewards

- The flow function of GFlowNets at state s estimates the fraction of the sum of all downstream rewards



Learning a Generative 
model

We are given a training set of examples. eg. images of dogs 

p(x) should be high if x looks like a dog, and low otherwise

If we sample x_new  p(x), x_new should look like a dog ∼  



- A GFlowNet is a generative model because during (and after) training we can sample from it,

- but its training objective is about matching a reward function R rather than fitting a finite 
dataset (the usual objective for generative models).

GFN vs. Generative model 





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 : 



A bit technical Def of 
Flow:

=>



Intuition:

Intuition:             π(s)    ~   F(s)    ~   R(s₀)

π(s)    ~   F(s)    ~   R(s₀)



Training of GFN

GFN:

Loss = … 



Loss Func



GFN in practice

S:   State space

R:      Reward

A:      Actions



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

主动 stop
被动 stop
都有
reward



3-node sys w sogmoid:

State:

Action:             tweaking weights     

                (*problem: can only increase in each direction)

Reward:



2d grid 
example

S:   State space

R:      Reward

A:      Actions
(up, right, stop)

shrink

same coordinate, but different interpretation





3-node sys w sogmoid:

State:

Action:             tweaking weights     

                (*problem:   can only increase in each dimension)

Reward:

(up, right, stop)

Interpret the grid of indices (state s) to sunflower (or clock) 
  treat as polar-line coord 
  transform to the cartesian coord 

(9-d grid.)





the sink found here is a black hole !!!











State (15, 0, 8, 5, 9, 5, 0, 14, 0), 
Weights [ 0. 14.27 3.28 3.24 0.36 0. 0.29 -0.21 
-0. ], 
Reward 0.1 

                       +6       +2     +1 
State (15, 0, 14, 5, 11, 5, 1, 14, 0), 
Weights [ 0. 12.14 -6.23 -6.16 0.69 0.11 0.55 -0.4 
-0. ], 
Reward 4.1 

                       +2       +3          +1
State (15, 0, 16, 5, 14, 5, 1, 15, 1),
 Weights [ 0. 8.82 -8.58 -6.94 3.57 0.56 2.49 -2.37 
-0.77], 
Reward 7.1                                                            +3 +1.           +2           +1

Plotting Motif at Depth 2: State (18, 1, 16, 5, 16, 5, 1, 16, 
1), 
Weights [ 2.82 10.45 -10.17 -5.98 5.82 0.91 3.38 -4.42 
-1.44],
 Reward 21.1 



**Extension of GFN:



**Extension of GFN:



**Extension of GFN:



**Extension of GFN:

(and more ………..x1000)
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