
EMERGENT COALITIONS in MULTI-AGENT 
REINFORCEMENT LEARNING

1. Baseline 2. Shared Reward 3. Egalitarian

xp

4. Survival 5. Coalition 7. Territorial

LVL 2

LVL 1
LVL 3

LVL 2

Seven reward
schemes developed:

6. Zero-sum

xp

JAX Implementation:

Do rewards change coordination?

2 Knights      2 Archers     ; Zombies       descending down - upon reaching bottom / all agents killed = lose

Three modes
 tested:

IN KAZ

Extended with: Bosses Wave system HP++ XP / Leveling systemHP++ ATK++
2 Shielded Zombies

(only knights can break)(more HP, ATK) (rising difficulty) (measures equality)

No CPU overhead; parallel Envs
1 GPU call; 130K FPS on RTX 4070 SUPER Trained with MAPPO:

 call  calls     GPU call

 native GPU kernel

 environments in parallel 

 steps, single compiled loop

Environment Composing JAX primitives

Actor
local observations 

Rollout
buffer

Criticglobal state GAE
advantage

PPO Update Final loss 

 

10,000 updates, fixed hyperparams, 256
parallel envs, 128 steps, 400px vision radius

Parameter Sharing

Vision
Cross-play & Leave-one-out

Archers breaking shields

Replay-Browser Demo:
https://eightl.github.io/replay-browser/

Type-shared works best. Non-shared keeps some
visible structure, but underperforms. Fully-shared
pushes XP inequality near zero, suggesting weaker
role specialization

Agents have a vision radius:
400px vs infinite

More vision does not always help. It can
destroy useful local coordination

The best regime
depends on the
environment,

not just reward

Knight
removal is
catastrophic

Frontline-backline protection

Dense mixed-role cluster

Aggresive hybrid

Three main coordination regimes emerged:

Environment

Non-Shared

Environment

Fully Shared

Environment

Type-Shared

Env Env Env Env Env Env Env

Env Env Env

Env Env Env

Mixed teams are
only partly compatible

Compatibility matrix
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Frontline Structure Knight Burden = Survival

Archer Exposure Coordination Proxies

formation score
role separation
avg inter-agent distance
tactical formation ratio
archer survival

episode length
level spread
knight survival
knight kill share
XP inequality (Gini)
mean reward

archer HP bleed
unsupported archer
exposure

focus fire score
archer kill share

The coordination metrics correlations
collapse into 4 functional families

Metrics correlation against 
episode length

formation score
role separation
unsup. arch. exp.
focus fire

middle of 
the pack
knight HP bleed

arch attack freq
knight attack freq
formation score
arch survival

focus fire
archer kill ratio
episode length
knight survival

SND
archer HP bleed
archer survival

similar to Baseline
competitive
transfer is not
optimal in KAZ

clustering
coalition lifetime
role-separation
formation score

Baseline Shared Reward Egalitarian Survival Coalition Zero-sum Territorial

Measuring emergent coalitions
Custom Metrics Implemented:

Setup

Changing the mechanics reshuffles ranking
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