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Motivation

How can we “distill” policies from foundation models?

Large Language Model \

generate simulations
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Input prompt:

Buggy simulations :(

ICreate a bird character, visually represented as a simple |

rectangle within the game window. Introduce gravity, causing |

.the bird to continuously fall slowly. Allow the bird to jump' or .

laccelerate upwards in response to a player's mouse click, |

item,oorarily overcoming gravity. Periodically spawn pairs of | :
-vertical ,o/,oes moving from right to left across the screen.

\Each pair should have a gap for the bird to pass through, and | @

(their heights should vary randomly. If the bird makes contact : >

‘with the ground pipes or goes above the top of the screen

lthe game Is over. Implement the followmg scoring system: for

leach pipe it passes through it gains a positive reward of +1. |

ianh time a terminal state is reached it receives a negative

reward of -1. When the game ends, display a "Game Over!" |

Imessagea and stop all the motion of the game. Show the |

Iourreni‘ score in the top-left corner of the screen during




Problems when LLMs are asked to generate
complex simulations

Reasoning over input text

® Code disregards prompt specifications

® GPT3.5

® GPT4

® Gemini Pro
Mistral Medium
Mixtral 8x7B

® | imited context lengths

® |rrelevant context hurts performance
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Levy, Mosh, Alon Jacoby, and Yoav Goldberg. "Same task, more tokens: the impact of input length on the reasoning performance of large language models." arXiv preprint arXiv:2402.14848 (2024).



How do we generate prompt-aligned simulations?

® The distribution we want to model is ﬁ(M/|Qtext)



Formulating the problem

® The distribution we want to model is ﬁ(M/|Qtext)

® [o generate complicated simulations, we generate iteratively!

p(Mpi41| Mg, qi)



Let’s see It In action

graphCode Untitled

Preview

New Chat

Create a bird character, visually represented as a simple
rectangle, that remains static in the horizontal axis but can
move up and down within the game window.

() create the followign game:
@ 1/23/2024, 2:41:32 PM

& design a math game ® html code Coy

@ create the following scene 1
® css code Copy

® s code Copy -

»

Introduce gravity, causing the bird to continuously fall unless
counteracted by player input.

® himl code Cor

QG

® js code Copy =

»

Prompt Store

Console



Can we do better?




Motivation

— LLMs cannot generate code correctly given complex prompt logic

® The distribution we want to model is P(M™*|gtext)



FactorSim

® Model the generation process as expanding the state space of a POMDP.

N
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FactorSim
— keypoints

® Model the generation process as expanding the state space of a POMDP.

® A chain of thought processes that exploits the mathematical structure of
POMDP using the model-view-controller design pattern.

® Use LLMs to perform contextual retrieval of state variables.



Algorithm 1: FACTORSIM

Input: ()., a natural language description of the simulation, and an LLM
Output: a turing-computable simulation represented as a POMDP M’ = (S, A, 0, T,Q, R)

Initialize a Factored POMDP M, + (S, A, 0, 71,0, R;) where
- Sl e {Sscm’c}
- A is the set of all keyboard inputs

- T is an identity function, i.e., T1(s' | s,a) = 1[s" = s]
- R (S, a, S’) = S:’scomc — Sscore

/I Chain of Thought
Derive a step-by-step plan (g1, ...,qx) ~ p(q1,-..,qk | Qrext) Eq. (1)

for each step, or module q;. do
State space update & context selection p(Sky1, S [Zk] | Sk, qx) Eq. (9).(10)

// Controller component update

Action-dependent state transition model update: p(7; 151)1 1S [Zx] , A, gr)

// Model component update

Action-independent state transition model update: p(T,Ei)1 |T'(Zk], S [Zk] , qx)

// View component update

Observation model update: p(Q,1|S [Zx] , gx) Eq.

M1 = (Sk+1, A, Ok41, Thy1, Qk+1, R1) where Ok 41 is the new observation space defined by

Si+1 and Qps1, and Teqa (87 | s,a) = T2, (s" | 8) - TV (s | s, a).

end
Return the final simulation M’ + M.,




Algorithm 1: FACTORSIM

Input: Q.x:, a natural language description of the simulation, and an LLM
Output: a turing-computable simulation represented as a POMDP M’ = (S, A, 0, T,Q, R)

Initialize a Factored POMDP M, « (S, A,0,T,,0, R;) where
- 91 == {Sscore}
- A is the set of all keyboard inputs

- T is an identity function, i.e., T1 (8" | 8,a) = 1[s" = 4]
- Ry (Sa a, 3,) 4— sgcore — Sscore

// Chain of Thought
Derive a step-by-step plan (q1,...,qx) ~ p(q1,. .., Gk | Quext) Eq. (1)

for each step, or module q;. do
State space update & context selection p(Sk+1,S [Zk] | Sk, qr) Eq. (9),(10)

/I Controller component update

Action-dependent state transition model update: p(T,éi)1 1S [Zk] , A, qk)
// Model component update
Action-independent state transition model update: ;D(T,ES)1 T Zk], S [Zk] , qx)

-+
// View component update
Observation model update: p(2x4+1|5 [Zk] , qx) Eq. (13)

M1 = (Sk+1,A,Or41, Ths1, k41, R1) where Ok is the new observation space defined by
Sk+1 and Qi11, and Thy1(8' | 5,a) = T3>, (8" | 8) - To¥, (s | s, ).

end
Return the final simulation M’ < M




Experiments - Two Domains

® 2D Reinforcement Learning Game Generation

® Robotics Task Generation



Experiment 1: Game Generation

- Pygame Learning Environment




Experiment 1: Game Generation

- Pygame Learning Environment
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1. Better code generation accuracy

% of System Tests Passed
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Token Usage
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GPT-4

GPT-4 w/ self debug
GPT-4 CoT w/ self debug
GPT-4 w/ FactorSim

Flappy Bird
Catcher
Snake
Pixelcopter
Pong
Puckworld
Waterworld
Monster Kong



2. Zero-shot transfer results
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Can you generate the following

"Stack Boxes Column"?

Robotics Task Generation

task

. O

FactoxrSim —l

!

Check for Syntax Correctedness

!

Runtime Verification
(whether the task can be
instantiated in the physics engine)

!

Task completion Check
(whethexr the task can be completed
by an expert oracle agent)

|

Expert demonstration obtained from
the language specification of the
target task)

l

Human Verification (whether the
demonstrate aligns with the prompt)

Generated Task

class StackBoxesColumn{Task)
& > = 2 2 -
sd0f __init__(self) State Variables
! r() S |
1
1
| StateManager = type(“StateManager”, (object,), {})
1 self.state_manager = StateManager()
1 self.state_manager.main_target_pose = ((0.5, ©.8, ©.8), (8, @, 0, 1,))
! self.max_steps = 15
: self.lang_template = """Sequentially stack a set number of boxes into a vertical c¢olumn on the
1 tabletop without them toppling over.""
1 self.state_manager.first_box_size = (8.17, 0.17, 0.17)
1 self.state_manager.first_box_coler = "blue"
! self. . state_manager.first_box_urdf = “box/box-template.urdf"
: self,state_manager.second_box_size = (0.07, 0.07, 0.67)
1 self,.state_manager.second_box_color = "blue
1 self.state_manager.second_box_urdf = "box/box-template.urdf
! self.state_manager.third_box_size = (©.87, 0.07, 0.87)
: self.state_manager.third_box_color = "blue"
\ self,state_manager.third_box_urdf = "box/box-template. urdf"
‘\ self.additional_reset()
U el I e Lt YA i SR S Rt T8 Lt S e LTSS - .4
DI O P I T T B % % 0 O i iy e 0, T N W ~
’ ~
24 A'subtask function®,
box_size = self._state_manager.first_box_size
box_color = self.state_manager.first_box_color
box_vurdf = self.state_manager.first_box_urdf
initial_box_pose = self.get_randon_pose(env, box_size)
target_box_pose = self.state_manager.main_target_pose
box_id = env.add_object(
box_urdf, initial_box_pose, color=utils.COLORS[box_color]
)
self.add_goal(
\ bjs=[box_id], 4
N /
~ ! =np (1, 1)) ’

WA R R R R S R R R R R R R R R R R R R R R R R R R R R R R e e e e e e
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Wang, Lirui, et al. "Gensim: Generating robotic
simulation tasks via large language
models." arXiv preprint arXiv:2310.01361 (2023).



Robotic Tasks Results

Success Rate

B Gensim - vanilla i Gensim CoT (topdown)

- Gensim CoT (bottomup)

0 FactorSim



Tasks that FactorSim successfully generated but
all other baselines failed.

Build Lamp Post Build Picnic Table

Insexrt E1l Along Squre Path Color Coordinated Cylinder Tower




Some extensions

inpu image input image

enerated task:
generated task: 4

Pick up the different foed items (cookies, macaroni and cheese,

: : ; mustard, raisins, and cherries) and sort them into separate zones
Pick up the various food items and place them into respective marked on the tabletop base on their type.

zones based on their category: cans, boxes, and bottles
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FactoxrSim

Factored POMDP

[

Context Selection ]

agent
position

red dot
position

handle collision render
key press logic red dot
[ Implement Factors ]

While main game loop:

[gontrollei] // Input handling functions
handle_key_press()
model // Transition functions
L collision_logic()
[ // Rendering functions

‘ view

rendexr_red_dot()

,

Generated simulations

Score: 15 K
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2y Policy Training

reward on unseen testing
environment over training
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