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The abstract Tile Assembly Model (Winfree 1998)
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Assembling a binary counter using 7 tiles and 4 glues (red glues strength 2, 
beige and green glues strength 1) in the aTAM (temperature 2).

E. Winfree. PhD thesis. (1998)

M. J. Patitz. “An Introduction to Tile-Based Self-Assembly”. Natural Computing 13, 195–224 (2014)
P. W. K. Rothemund and E. Winfree. “The Program-Size Complexity of Self-Assembled Squares”. STOC (2000)
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Introducing the Maze-Walking TAM (MaWaTAM)

Assembling a binary counter using 4 tiles and 2 glues (strength 
1) in the MaWaTAM (temp 2)

A seed in the MaWaTAM is a disconnected set of polyominos that can make 
use of any glue of the tile set (plus null glue of strength 0).

Key Point



Binary counter: aTAM vs MaWaTAM
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aTAM Maze-Walking TAM
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Binary counter: aTAM vs MaWaTAM

5
aTAM MaWaTAM
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Binary counter: aTAM vs MaWaTAM

1. Unbounded structure

2. Tile set responsible for structure 
& computation

3. Seed triggers the computation

1. Bounded structure

2. Tile set responsible for 
computational power

3. Seed responsible for 
structure/function to compute

aTAM MaWaTAM



Physical reality behind disconnected seeds
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Disconnected MaWaTAM seed for 
assembling  binary counter. A more complex disconnected 

MaWaTAM seed. It looks like a maze!
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Fig1 extract.

● Underlying DNA origami surface
● Localised computation

Physical reality behind disconnected seeds
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Fig1 extract.

● Underlying DNA origami surface
● Localised computation

Physical reality behind disconnected seeds
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Physical reality behind disconnected seeds

● Underlying DNA origami surface
● DNA Walker

Anupama J. Thubagere, Wei Li, Robert F. Johnson, Zibo Chen, Shayan Doroudi, Yae Lim Lee, Gregory Izatt, Sarah 
Wittman, Niranjan Srinivas, Damien Woods, Erik Winfree, and Lulu Qian. “A cargo-sorting DNA robot”. Science, 
357(6356), 2017.
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Physical reality behind disconnected seeds

● Underlying DNA origami surface
● Solving mazes
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Huajie Liu, Qian Li, Jiye Shi, Lihua Wang, Jun Hu, Lianhui Wang, Wei Huang, 
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Similar theoretical work
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The question we ask
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How small can a tileset be and still provide interesting 
computational power?

By interesting we mean the ability to run any Boolean circuit.

Intuition
1. Disconnected seeds encode circuits
2. Tile sets give the computational power
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Our result

We found two small tile sets (4 and 6 tiles) that both can 
implement any Boolean circuit in the MaWaTAM.



Making gates with the 4 tiles tile set
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Seed to build a “OR” gate: 

X OR Y = (NOT X) NAND (NOT Y)
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Making gates with the 4 tiles tile set
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Making arbitrary circuits with the 4 tiles tile set


