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Motivation

MARL agents often converge to arbitrary conventions.

Split by ingredient Split by side

Can we generate a diverse set of conventions to learn to work with people?

Diversity Definition

Want to maximize nearest-neighbors score for set of conventions, D:

S(D)= [E [maxJ(z*,x)]
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For ad-hoc coordination, train a single convention-aware agent:

p
L(#,D) = = J(#, #) = —— Y E [log(#(a o))
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To evaluate the performance of the convention-aware agent:

J#,D,)= E [J# )]
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Statistical Diversity

Some approaches add a term to induce statistical variations in trajectories:

Cipap(D) = E E exp(—DgL (ﬂl(S) ﬂz(S))
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These fail to identify trivial variations in navigation:
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Cross-Play Minimization

Adding a new convention 7, guarantees an increase in the score S:

5(D,) 2 5(D,_y) + p(z,)(J(7,, 7,) — max J(m,, 7))
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Maximizing this lower bound gives a cross-play minimization algorithm.

Handshakes and Mixed-Play

Pure cross-play minimization incentivizes sabotages under cross-play.

I’ll work hard!

Handshake acknowledged! }

Self-Play

Initiate Handshake:
Place plate in strange spot

Handshake rejected!

I won’t help. 1

Cross-Play (

Mixed-play ensures that conventions always act in good faith.

Algorithm 1: Generating Mixed Play Buffer
Input: policies 7, 7*, MDP M
Output: Replay buffer from running mixed-play. Initiate Handshake:

1 So, R + S, 0 Place plate in strange spot
2 t ~uniform(1, T)

3 for i « [0,7) do

4 | ol,0% + o(s;)
5 if 7 <t then
6 7r1” < Randomly choose m,, or 7* Cross-Play
7 5" < Randomly choose 7, or 7*
1 1 2
8 a;,a; < m*(o*), 75" (0%)
9 Siy1, — < Step in M with(a}, a?
Cross-Play or Mixed-Play?
10 else 1 1 I shouldn’t sabotage
11 ar,a? < m, (o), m,(0?)
12 Si+1,T; < Step in M with(a;, a?)

Return: ReplayBuffer(s;.r, a1, a2, T.7)

CoMeDi: Cross-Play and Mixed-Play

Loss function to generate convention 7,
L(x,) =—-J(n, x,)+ al(x, n*) — pIn(z,, )

Where 7* is the most-compatible previously discovered convention.

Algorithm 2: Diverse Conventions with CoMeDi

Input: Number of policies to generate n
Output: Diverse set of conventions D
1 D < (m,...,m,), parameterized by (61, ...,6,)
2 Train 7; with standard self-play
3 for i€{2,...,n}do
while policy 7; has not converged do
T* ¢— arg maxX,«cp,., , J(mi, ™)
Tsp < GetRollout(m;, ;)
Txp < GetRollout(m;, ™)
Trp ¢ MixedPlayRollout (7, m*
Estimate J(7;, 7;), J (7, 7*), Jas (74, ) with 7sp, Txp, TP
10 07, — 91 + VGi [—J(ﬂ'i, 7Tz') + aJ(m, 7'('*) — ,BJM(TQ', 71'*)]
Return: D
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Simulation Results

In Blind Bandits, CoMeDi finds both the S and G conventions:
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In Balance Beam, tuning the mixed-play weight eliminates handshakes.
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In Overcooked, CoMeDi’s convention-aware agent has strong cross-play
performance with held-out conventions.

layout CoMeDi XP ADAP SP PPO_BC layout CoMeDi XP ADAP SP PBT
simple 4.55 3.49 279 4.36 3.75 simple 491 4.46 277 451 3.75
random1 342 1.58 0.72 2.70 2.29 random1 343 1.81 1.10 2.38 2.29
random3 1.19 049 0.03 0.33 1.17 random3 191 1.1 0.03 1.13 1.17
unident_s 5.27 3.62 1.84 2.51 2.58 unident_s 294 3.16 259 452 2.58
random(Q 0.37 049 0.00 0.21 1.44 random( 1.56 0.88 0 025 144

Scores with PBT Scores with PPO_BC

Overcooked User Study

CoMeDi significantly outperforms baselines in terms of pure score and user
opinion, even surpassing human-level performance.

+

Dishes Served
W

et
Dishes Served

SP ADAP XP CoMeDi

I
I I I I lll l
0

\ d
e AT Co (o WY eon® \@d\ﬁe‘

et
st gt Yo\ d AU 00 e WO
oW e,é CO“S\S '2)50“{& oﬁ‘“\eﬁ\ a0 cKe - 0\\0\1\16 Ccow™ eas oﬂ\“\ ““g\a Ng’& ¢

Score

— N W A L

L

Live Demo, Code, and Videos E

Visit our website: https://iliad.stanford.edu/Diverse-Conventions/ E



