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Deep Reinforcement Learning - Issues

Generalization Interpretability
: Trust, Safety, and Contestability

Simple task

Deep neural network policy
Complex task



Programmatic Reinforcement Learning
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Programmatic Reinforcement Learning - Program Synthesis

; ®

Execute

Program Environment
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WHILE c( markerPresent c) w(
T ioarer O™ o Structured in formal languages ,
move w)
turnRight
move * Human interpretable and machine executable
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move w) K )
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LEAPS: Learning Embeddings for IAtent Program Synthesis
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LEAPS - Learning a Program Embedding Space

Goal: Learn the grammar and the environment dynamics

Program
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DEF run()

IF frontIsClear
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pickMarker
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LEAPS - Latent Program Search

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

StairClimber Maze FourCorners

TopOff Harvester CleanHouse
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Interpretability & Interactability
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Performance Improvement
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Interactive
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putMarker

Debugging

WHILE c( noMarkersPresent c) w(

Interface

Reward

Reset Code (Made a mistake?)

Issue with Code? = None

Submit Code (Runs your program!)

New Reward: | 0.36000000774860386
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Programmatic Reinforcement Learning - State Machine
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Transition Function
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This Work: Integrating Program Synthesis and State Machine

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

move w)
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pickMarker
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PrOgram Machine Policy (POMP)

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
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Program Machine Policy
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Step 1 - Learning a Program Embedding Space

Goal: Learn the grammar and the environment dynamics

Program
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DEF run()

IF frontIsClear
move
ELSE
IF markerPresent
pickMarker
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Program Embedding Space
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Step 2 - Retrieving Effective, Diverse, Compatible Programs

Goal: Retrieve a set of programs as state machine modes

Effectiveness: Retrieved programs Program Embedding Space

should (partially) solve the task | Mode 1
T ‘/\ (DEF run()
. t j : IF NOT frontIsClear
— TaSk reward Z }/ E(St,at)NEXEC(pZ)[rt] ~ | ‘ g IF markerPresent
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Compatibility: Composing retrieved programs carnbeft IF markerPresent
. . REPEAT (2) pickMarker
iIn some order should yield good performance furnRight BLSE
putMarker turnRight
. .
Randomly execute retrieved programs Mode 2 Mode 3

before/after executing the current program candidate



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

Step 3 - Learning Transition Function

Modes (Retrieved Programs)
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Long-Horizon Karel Tasks
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Retrieved Programs

Extracted State Machine

Learned Program Machine Policy

Task: Inf-DoorKey

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5

——
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Ablation Study

Diversity & Compatibility

Method SEESAW UP-N-DOWN FARMER INF-DOORKEY INF-HARVESTER
CEM x|M| 0.31 +=0.18 0.88 +=0.12 0.22 +0.00 0.39 + 0.46 0.56 +£0.12
CEM-+diversity top k, k = |[M| 0.09 +0.11 0.72 == 0.36 0.23 £+ 0.00 0.92+ 0.01 0.71 £0.02
CEM-+diversity x |M | 0.47 £ 0.39 0.76 = 0.31 0.24 + 0.03 0.89 £+ 0.02 0.66 £+ 0.07
POMP (Ours) 0.90 + 0.02 0.97 = 0.00 0.88 + 0.01 0.91+ 0.01 0.67 = 0.03
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Addressing Long- Hocizen Tasks by Integrating
Program Synthesh and State Machises
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Takeaway

Program Synthesis X State Machine =

Interpretable and Inductively Generalizable Policies
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Program Machine Policy Execute
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DEF run() DEF run() T '-t EI IVIrOI |I I Iel I-t
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turnRicht turnRicht h Ig h ,

DEF run() DEF run()
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ELSE . & turnLeft
tttttttt - ELSEIF

IF frontIsClear turnRight |OW
move move

D

(



Execute

Program Machine Policy

DDDDDD ) DEF run() | ransit
iF frontIsclear § L IF noMarkerPresent [
»
move > move
ELSE REPEAT (2) Prob
IIIIIIII sClear turnLeft '
tttttttttttttttttttttt
.
tttttttttttttttt high
DDDDDD ) DEF run()
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
IIIIIIIIIIIIII #
ttttttttttttttttttttt
. & turnLeft
tttttttt - ELSEIF
IIIIIIIIIIIIII turnRight IOW
move move

&)

Thank You

Questions?

<
Environment
J

Reward



