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GRAIL

Generalizable Robotics and
Artificial Intelligence Laboratory

Reinforcement learning is a promising framework for generalizable robotics.



Excitement

[Mnih et al. 2015]

[Silver et al. 2016]

[Levine et al. 2016]

[OpenAI 2019]
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Excitement

[Henderson et al. 2018]

https://www.endtoend.ai/blog/

iclr2020-rl/
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Are we done?

https://www.alexirpan.com/2018/02/14/rl-hard.html
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Problem: Sample complexity / learning speed

https://ieeetv.ieee.org/conference-highlights/

self-supervised-learning-world-models-icra-2020

(See 11m00s in video)
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What is reinforcement learning?

State: (0, 0)

Lawson L.S. Wong (Northeastern) Symmetry in Decision Making November 3, 2023 6 / 44



What is reinforcement learning?

Action: up
State: (0, 1)

Reward: 0
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What is reinforcement learning?

Action: up
State: (1, 1)

Reward: 0
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What is reinforcement learning?

Action: up
State: (1, 2)
Reward: 0
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What is reinforcement learning?

(many time steps later . . .)
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What is reinforcement learning?

Action: right
State: (9, 9)
Reward: 0
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What is reinforcement learning?

Action: right
State: (9, 10)
Reward: 0
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What is reinforcement learning?

Action: up
State: (10, 10)
Reward: +1
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What is reinforcement learning?

(reset, try again)
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What is reinforcement learning?

Action: up
State: (10, 10)
Reward: +1

Objective: Find policy
(state-action mapping)

that maximizes
expected sum of rewards

Key issues:

▶ How good is +1?

▶ Credit assignment

▶ Sparse reward

▶ Exploration vs.
exploitation
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Thesis

Reinforcement learning is very general

; but
reinforcement learning algorithms are slow
because they are too general.

What additional guidance can we give RL agents
so they are more specific but useful?
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Reinforcement learning is very general ; but
reinforcement learning algorithms are slow
because they are too general.

What additional guidance can we give RL agents
so they are more specific but useful?



Symmetry in RL and decision making

▶ Exploitation
Integrating symmetry into differentiable planning

▶ Opportunity
Robot navigation with coarse maps

▶ Exploration
Speculative wish list
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Symmetry in 2-D path-planning
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Symmetry in 2-D path-planning

Linfeng Zhao et al. Integrating symmetry into

differentiable planning with steerable convolutions.

ICLR 2023.
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Symmetric planning: Background

▶ Classical planning:
Fox & Long, Pochter et al., Domshlak

et al., Shleyfman et al., Sievers et al.,

. . .

• Perform orbit search

▶ Symmetries in MDPs:
Ravindran & Barto, Ravindran, Ferns

et al., Narayanamurthy & Ravindran,

van der Pol et al., . . .

• Construct “quotient MDP”

Figure from Shleyfman et al.
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Symmetric planning: Background

Differentiable value iteration / planning algorithms:
Make planning algorithms fully differentiable

▶ Value iteration: Tamar et al., Niu et al., Lee et al., Xu et al., Chaplot et al.,

Deac et al., . . .

▶ Differentiable planning: Oh et al., Karkus et al., Weber et al., Srinivas et al.,

Schrittwieser et al., Amos & Yarats, Wang & Ba, Guez et al., Hafner et al., Pong

et al., Clavera et al., Hansen et al., . . .

Bellman equation

Q(s, a) = R(s, a) + γ
∑
s′

P(s ′|s, a′)V (s ′)

V (s) = max
a

Q(s, a)

Learn Ra,Pa

Qa = Ra + Conv2D(V ,Pa)

V = max
a

Qa
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Symmetry in 2-D path-planning: D4
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Exploiting symmetry in 2-D path-planning
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Symmetric planning: SymVIN
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Symmetric planning: Insights
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Symmetric planning: Bellman back-up

Value Update
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Symmetric planning: Theory
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Symmetric planning: Domains
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Symmetric planning: Efficient training
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Symmetric planning: Higher success rates
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Symmetric planning: Equivariance
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Extension: Symmetric planning on graphs
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SymVIN Ours

Linfeng Zhao*, Hongyu Li* et al. E(2)-equivariant

graph planning for navigation. In submission.
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Extension: Symmetric planning on graphs
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Extension: Symmetric planning on graphs
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Extension: Sampling-based symmetric planning

Input

Original

Transformed
(Rotation)

Input

Action

Action

Linfeng Zhao et al. Can Euclidean symmetry help in

reinforcement learning and planning? In submission.

See Linfeng’s poster!
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Symmetry in RL and decision making

▶ Exploitation
Integrating symmetry into differentiable planning

▶ Opportunity
Robot navigation with coarse maps

▶ Exploration
Speculative wish list
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Navigation

Learning to navigate in complex environments [Mirowski et al. 2017]
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Navigation with a map
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Navigation with a map

Whether you’re an alumnus or alumna returning 

to campus, or a prospective student seeing 

Northeastern for the first time, we’ll make 

every effort to ensure you enjoy your visit. We 

offer 60-minute campus tours on weekdays 

year-round, and on Saturdays from September 

through June. Learn more at northeastern.edu/

admissions/connect/visit.

Visiting Northeastern 

Seasonal dome 
November-March; 

otherwise open �eld

William E. Carter Playground and Fields
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LightView by ACC

Campus Map

Parking (permit required)

Visitor parking (paid)

Handicapped parking

Handicapped-accessible entrance

Bluebikes

Emergency phone

One-way street

Pedestrian walkway

Tunnel entrance

Parking Garages
C3	 Columbus Parking Garage (CPG)
E2	 Belvidere Parking Garage (BPG)
C2	 Gainsborough Parking Garage (GPG)
A2	 Renaissance Park Parking Garage (RPG)
A2	 West Village Parking Garage (WPG)

Residence Buildings
B3	 10 Coventry (CV)
C1	 106–122 Levine (106-122)
C1	 142–148 Hemenway St (142)
C1	 153 Hemenway St (LF)
C2	 319 Huntington Ave (319)
C2	 337 Huntington Ave (337)
B1	 407 Huntington Ave (407)
B3	 768 Columbus Ave (768)
B3	 780 Columbus Ave (780) 
B1	 Burstein Hall (BU)
C3	 Davenport Commons A, B 		
	 	 (DC)
C2	 East Village (EV)
C2	 Hastings Hall (HS) 	
A2	 International Village (IV)

D1	 Kennedy Hall (KY)
C1	 Kerr Hall (KH)
D1	 Light Hall (LH)
C1	 Loftman Hall (LF)
C1	 Melvin Hall (MH)
B1	 Rubenstein Hall (RU)
D1	 Smith Hall (SM)
C1	 Speare Hall (SP)
C1	 Stetson East (SE)
C1	 Stetson West (SW)
A1	 West Village A, B, C, E (WV)
B1	 West Village F, G, H (WV)
B1	 White Hall (WH)
B1	 Willis Hall (WI)

Academic and Service Buildings
C1	 140 The Fenway (140)
E2	 177 Huntington (177)
E2	 216 Massachusetts Ave (216)
E2	 236 Huntington (236)
D2	 271 Huntington (271)
B1	 O’Bryant African American 		
		  Institute (AF)
C3	 Alumni Center (CP)
B2	 Architecture Studio (AS)
D1	 Asian American Center (AC)
B2	 Barletta Natatorium (BN)
A1	 Behrakis Health Sciences 		
		  Center (BK)
E2	 Belvidere Place (BV)
C2	 Blackman Auditorium (BL)
C2	 Cabot Physical Education 		
		  Center (CB)
C1	 Cahners Hall (CA)
B1	 Cargill Hall (CG)
D2	 Catholic Center (CC)
B2	 Churchill Hall (CH) 
C3	 Columbus Place (CP)
C2	 Cullinane Hall (CN)
C2	 Curry Student Center (CSC)
C1	 Cushing Hall (CU)
B2	 Dana Research Center (DA)
B1	 Dockser Hall (DK)
C2	 Dodge Hall (DG)
C2	 East Village (EV) 
B2	 Egan Research Center (EC) 
C2	 Ell Hall (EL) 
D2	 Fenway Center (FC) 
B2	 Forsyth Building (FR) 

C2	 Hastings Hall (HS) 
C2	 Hayden Hall (HA) 
D2	 Hillel-Frager (HF)
B2	 Holmes Hall (HO) 
C2	 Hurtig Hall (HT) 
B3	 Interdisciplinary Science and 		
		  Engineering Complex (ISEC) 
A2	 International Village (IV) 
B1	 Kariotis Hall (KA) 
B1	 Knowles Center (KN) 
B1	 Lake Hall (LA) 
B2	 Latinx Student Cultural Center 	
	 	 (LC) 
C1	 Marino Recreation Center 		
	 	 (MC) 
D3	 Matthews Arena (MA) 
B2	 Meserve Hall (ME) 
C2	 Mugar Life Sciences Building 		
		  (MU) 
B2	 Nightingale Hall (NI) 
A3	 Renaissance Park (RP) 
C2	 Richards Hall (RI) 
C2	 Robinson Hall (RB)
C2	 ROTC Office (RO) 
A2	 Ryder Hall (RY) 
B2	 Shillman Hall (SH) 
B2	 Snell Engineering Center (SN) 
B2	 Snell Library (SL)
C3	 Badger & Rosen  
		  SquashBusters (SB)
B1	 Stearns Center (ST) 
A1	 Visitor Center (VC)
B1	 West Village F, G, H (WV) 
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Coarse map navigator

Chengguang Xu et al. Hierarchical robot navigation in novel

environments using rough 2-D maps. CoRL 2020.

Chengguang Xu et al. Robot navigation in unseen

environments using coarse maps. In submission.
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Coarse map navigator
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Coarse map navigator
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Opportunities for leveraging symmetry
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Opportunities for leveraging symmetry
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Why does CMN work? Compositional generalization

Linfeng Zhao et al. Toward compositional generalization in

object-oriented world modeling. ICML 2022.
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Following one high-level trajectory

Ondrej Biza et al. One-shot imitation learning via

interaction warping. CoRL 2023.
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Following one high-level trajectory

observed point cloud

v1, s1, t1, R1object shape
and pose
inference v2, s2, t2, R2

grasp
prediction placement

prediction

grasp demo placement demoinferred scene

Tgrasp Tplace

1s
t P

rin
ci

pa
l A

xi
s.

2n
d 

Pr
in

ci
pa

l A
xi

s.

0.0-1.0 1.0

warping model
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Symmetry in RL and decision making

▶ Exploitation
Integrating symmetry into differentiable planning

▶ Opportunity
Robot navigation with coarse maps

▶ Exploration
Speculative wish list
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Demonstration × symmetry

Jung Yeon Park & Wong. Robust imitation of a few

demonstrations with a backwards model. NeurIPS 2022.

See John’s poster! (on a different subject)
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Symmetry discovery by demonstration
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The symmetry of (repeated) computation

37

Minimax values for Nim (1,1,2)

1,1,2

0,0,2 0,1,1 0,1,0

0,1,2 1,0,2 1,1,1 1,1,0

1,0,1 1,0,0 1,1,0

0,0,1 0,0,0 0,1,0 1,0,0

0,0,0 -1

+1 -1 -1-1

+1 -1 +1 -1 +1 -1

-1 -1 -1-1 +1

+1Max
(you)

Min
(them)

Max
(you)

Min
(them)

Max
(you)
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My research agenda

Identify and learn intermediate state representations
that enable effective robot learning and planning,
and therefore enable robot generalization.

Let’s chat! lsw@ccs.neu.edu
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