
DETECTING DANGER IN GRIDWORLDS USING GROMOV’S LINK CONDITION
{ TOM BURNS AND ROBERT TANG } OIST, JAPAN & XI’AN JIAOTONG–LIVERPOOL UNIVERSITY, CHINA

Can we represent a
typical AI

environment using a
single geometric or
topological object?
And if so, could we
recast AI problems

as geometric ones?
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5. CONCLUSION
This study presents novel applications of tools from geometric group theory and combinatorics to the
AI research community, opening new ways for recasting and analysing AI problems as geometric ones.
Using these tools, we show an example of how the intrinsic geometry of a task space serendipitously
embeds safety information and makes it possible to determine how far ahead in time an AI system needs
to observe to be guaranteed of avoiding dangerous actions.

CONTACT & PAPER INFORMATION

Paper arXiv:2201.06274
Web tfburns.com
Email thomas.burns@oist.jp
Twitter @tfburns

1. GRIDWORLDS

Gridworlds are simplified, grid-like environments
in which each cell of the grid may be assigned a
label. The example above shows a 3×3 gridworld
with one agent (a koala), one object (a beach
ball), and empty floor. Such environments can be
used to test and develop AI algorithms, particu-
larly in reinforcement learning [1].

2. STATE COMPLEXES

A state complex S is a cube complex where ver-
tices (0–cubes) are states of a system, edges (1–
cubes) are single reconfigurations of the system,
and n–cubes are commuting sets of n indepen-
dent reconfigurations of the system [2].

Formally, let the gridworld, G, be a graph. A is a
set of possible labels on the vertices of G.

States in S are a choice of labels (chosen from A)
for every vertex of G, si : V (G) → A.

A generator ϕ is a collection of three objects:

• the support, SUP (ϕ) ⊂ G

• the trace, TR(ϕ) ⊂ SUP (ϕ)

• a relabelling for the vertex set TR(ϕ)

3. DANCING WITH YOURSELF
We modify state complexes to capture agent
braiding and more naturally represent the topol-
ogy. Specially, we fill in 2–cubes whenever we
see an agent ‘dancing’ by itself.

Where they are independent of other generators,
these higher-dimensional dance generators may
commute with other generators. However, doing
so can lead to geometric defects (failure of Gro-
mov’s Link Condition). Serendipitously, we dis-
cover these failures occur exactly where undesir-
able or dangerous states appear in the gridworld.

Theorem. Let v be a vertex in the modified state
complex S ′ of an agent-only gridworld. Then
• lk(v) satisfies Gromov’s Link Condition if and

only if it has no empty 2–simplices nor 3–
simplices, and

• if lk(v) fails Gromov’s Link Condition then there
exist a pair of agents whose positions differ by
either a knight move or a 2–step bishop move.

4. SMALL EXPERIMENTS


