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Trust, Safety, and Contestability

Deep Reinforcement Learning -  Issues
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Programmatic Reinforcement Learning - Program Synthesis

Sun et al. "Neural program synthesis from diverse demonstration videos." ICML 2018.

Sun et al. "Program Guided Agent." ICLR 2020.

Dang-Nhu "PLANS: Neuro-symbolic program learning from videos." NeurIPS 2020.

Trivedi et al. "Learning to Synthesize Programs as Interpretable and Generalizable Policies." NeurIPS 2021.

Liu et al. "Hierarchical Programmatic Reinforcement Learning via Learning to Compose Programs." ICML 2023.

EnvironmentProgram
DEF run() m(

WHILE c( markerPresent c) w(
WHILE c( markerPresent c) w(

pickMarker
move w)

turnRight
move 
turnLeft
WHILE c( markerPresent c) w(

pickMarker
move w)

turnLeft
move 
turnRight w) m)

• Structured in formal languages


• Human interpretable and machine executable

Execute

Reward

https://proceedings.mlr.press/v80/sun18a.html
https://openreview.net/pdf?id=BkxUvnEYDH
https://proceedings.neurips.cc/paper/2020/hash/fe131d7f5a6b38b23cc967316c13dae2-Abstract.html
https://arxiv.org/abs/2108.13643
https://arxiv.org/abs/2301.12950
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Program 
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ExecuteSynthesize

DEF run() m(
WHILE c( markerPresent c) w(

WHILE c( markerPresent c) w(
pickMarker
move w)

turnRight
move 
turnLeft
WHILE c( markerPresent c) w(

pickMarker
move w)

turnLeft
move 
turnRight w) m)

LEAPS: Learning Embeddings for lAtent Program Synthesis

Trivedi et al. "Learning to Synthesize Programs as Interpretable and Generalizable Policies." NeurIPS 2021.

https://arxiv.org/abs/2108.13643


Encoder

Program Embedding Space

LEAPS - Learning a Program Embedding Space

DEF run()

IF frontIsClear

move

turnLeft

REPEAT(2)

turnRight

putMarker

DEF run()

WHILE frontIsClear

move

IF markerPresent
pickMarker

ELSE
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DEF run()
IF frontIsClear

move
ELSE

IF markerPresent
pickMarker

ELSE
turnRight
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DEF run()
IF NOT frontIsClear

IF markerPresent
pickMarker

ELSE
turnRight 

ELSE
move

Reconstructed Program

Goal: Learn the grammar and the environment dynamics

Trivedi et al. "Learning to Synthesize Programs as Interpretable and Generalizable Policies." NeurIPS 2021.

https://arxiv.org/abs/2108.13643


DEF run()
IF NOT frontIsClear

IF markerPresent
pickMarker

ELSE
turnRight 

ELSE
move

Decoded Program

DEF run()

WHILE frontIsClear

move

IF markerPresent
pickMarker

ELSE
turnRight

DEF run()

IF frontIsClear

move

turnLeft

REPEAT(2)

turnRight

putMarker

Decoder

LEAPS - Latent Program Search 

Sample Program Embeddings
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Task Environment

ExecuteReward

Search for a task-solving program using the cross-entropy method (CEM)

Trivedi et al. "Learning to Synthesize Programs as Interpretable and Generalizable Policies." NeurIPS 2021.

https://arxiv.org/abs/2108.13643
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Programmatic Reinforcement Learning - State Machine

Koul et al. "Learning Finite State Representations of Recurrent Policy Networks." ICLR 2019.

Inala et al. "Synthesizing Programmatic Policies that Inductively Generalize." ICLR 2020.

EnvironmentState Machine
Execute

Reward

• Inductively generalize to longer-horizon tasks

Symbolic Modes

https://arxiv.org/abs/1811.12530
http://Synthesizing%20Programmatic%20Policies%20that%20Inductively%20Generalize


Inductive Generalization

Training Tasks

Task: Retrieve a car from tight parking spots

Learned State Machine Policy 
Symbolic Modes (i.e., actions) +  

Transition Function

Testing Task



This Work: Integrating Program Synthesis and State Machine

Program
DEF run() m(

WHILE c( markerPresent c) w(
WHILE c( markerPresent c) w(

pickMarker
move w)

turnRight
move 
turnLeft
WHILE c( markerPresent c) w(

pickMarker
move w)

turnLeft
move 
turnRight w) m)

Pros


• Interpretable


Cons


• Often fail to generalize to 

longer-horizon tasks

State Machine

Pros


• Inductively generalizable


Cons


• Difficult to interpret 



PrOgram Machine Policy (POMP)
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DEF run()
IF frontIsClear

move
ELSE

IF frontIsClear
turnLeft

ELSE
turnRight

DEF run()
IF markerPresent

IF frontIsClear
turnLeft

ELSE
turnLeft

IF frontIsClear
move

DEF run()
WHILE frontIsClear

move
IF leftIsClear

turnLeft
ELSEIF

turnRight
move

DEF run()
IF noMarkerPresent

move
REPEAT (2)

turnLeft
IF frontIsClear

move
turnRight

Transit. 
Prob.

high

low

Modes: A set of programs that can be executed  
Transition function: Alter between a set of program modes 
• Mapping: current environment state x current mode → next mode



Step 1 - Learning a Program Embedding Space

Encoder

Program Embedding Space

DEF run()

IF frontIsClear

move

turnLeft

REPEAT(2)

turnRight

putMarker

DEF run()

WHILE frontIsClear

move

IF markerPresent
pickMarker

ELSE
turnRight

DEF run()
IF frontIsClear

move
ELSE

IF markerPresent
pickMarker

ELSE
turnRight

Program

Decoder

DEF run()
IF NOT frontIsClear

IF markerPresent
pickMarker

ELSE
turnRight 

ELSE
move

Reconstructed Program

Goal: Learn the grammar and the environment dynamics



Step 2 - Retrieving Effective, Diverse, Compatible Programs

Program Embedding Space

DEF run()

IF frontIsClear

move

turnLeft

REPEAT(2)

turnRight

putMarker

DEF run()

WHILE frontIsClear

move

IF markerPresent
pickMarker

ELSE
turnRight

DEF run()
IF NOT frontIsClear

IF markerPresent
pickMarker

ELSE
turnRight 

ELSE
move

Goal: Retrieve a set of programs as state machine modes

Effectiveness: Retrieved programs 
should (partially) solve the task

→ Task reward:   
T

∑
t=0

γt𝔼(st,at)∼EXEC(ρz)[rt]

Diversity: Retrieved programs should 
induce non-overlapping, diverse behaviors

→ Diversity bonus: − max
zi∈Z

z ⋅ zi

∥z∥∥zi∥

Compatibility: Composing retrieved programs 
in some order should yield good performance

→ Randomly execute retrieved programs 
before/after executing the current program candidate

Mode 1

Mode 2 Mode 3



Step 3 - Learning Transition Function

Goal: Learn a transition function, i.e., current environment state x current mode → next mode

DEF run()

IF frontIsClear

move

turnLeft

REPEAT(2)

turnRight

putMarker

DEF run()

WHILE frontIsClear

move

IF markerPresent
pickMarker

ELSE
turnRight

DEF run()
IF NOT frontIsClear

IF markerPresent
pickMarker

ELSE
turnRight 

ELSE
move

Modes (Retrieved Programs)

Transition  
Function

DEF run()
IF NOT frontIsClear

IF markerPresent
pickMarker

ELSE
turnRight 

ELSE
move

DEF run()

IF frontIsClear

move

turnLeft

REPEAT(2)

turnRight

putMarker

DEF run()

WHILE frontIsClear

move

IF markerPresent
pickMarker

ELSE
turnRight

DEF run()
IF NOT frontIsClear

IF markerPresent
pickMarker

ELSE
turnRight 

ELSE
move

Transition Probability

Learned using RL
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Long-Horizon Karel Tasks
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Inductive Generalization



Learned Program Machine Policy

Retrieved Programs

Extracted State Machine

Task: Inf-DoorKey



Ablation Study

Diversity & Compatibility

CEM Search Trajectories with Diversity Bonus





Takeaway

Interpretable and Inductively Generalizable Policies

Program Synthesis State Machine
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DEF run()
IF frontIsClear

move
ELSE
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ELSE
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IF markerPresent

IF frontIsClear
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ELSE
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IF frontIsClear
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WHILE frontIsClear
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IF leftIsClear

turnLeft
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DEF run()
IF noMarkerPresent

move
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Thank You
DEF run()

IF frontIsClear
move

ELSE
IF frontIsClear

turnLeft
ELSE

turnRight

DEF run()
IF markerPresent

IF frontIsClear
turnLeft

ELSE
turnLeft

IF frontIsClear
move

DEF run()
WHILE frontIsClear

move
IF leftIsClear

turnLeft
ELSEIF

turnRight
move

DEF run()
IF noMarkerPresent

move
REPEAT (2)

turnLeft
IF frontIsClear

move
turnRight

Transit. 
Prob.

high
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Program Machine Policy Environment

Execute
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Questions?

Thank You


