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Terminal assemblies

Two-handed assembly



How practical  
is this filtering?

Producible Terminal
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𝜏 = 2

Terminal assembly twice  
the size of any other  

producible assemblies.
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𝜏 = 1

Terminal assembly has 
the same size as a 

non-terminal assembly.
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𝜏 = 1

Terminal assembly has 
almost the same size as a 

non-terminal assembly.



Last year…





The filtering is not practical.

Removing almost-terminal  
assemblies is difficult. 

vs.

Erik Winfree



Our work
• Define a notion of how amenable a 

system is to size-based filtering. 

• Size-separability 

• Give an algorithm for making a restricted 
class of systems size-separable.
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Size-separability

Size-separability = 2 Size-separability = 7/6

• A system is factor-c size-separable if the size 
ratio of the smallest terminal over largest  
non-terminal assembly is at least c. 

• Every system is factor-c for some c in (0, 2].
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Basic size-separability results 
• A temperature-1 system with terminal assembly  

T is at most factor-|T|/(|T|-1) size-separable. 

• A system with a tree-shaped terminal assembly 
T is at most factor-|T|/(|T|-1) size-separable. 

• A system with a unique terminal assembly T is 
at least factor-|T|/(|T|-1) size-separable.
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Previous results
• [Soloveichik, Winfree 2007]: any shape can be assembled 

at some scale using O(K/log(K)) tiles at 𝜏 = 2. 

• K = Kolmogorov complexity. 

• Optimal for tile types, bad scale factor. 

• Can be adapted to be factor-2 size-separable.



Previous results
• [Chen, Doty 2012]: N x N square can be assembled  

using O(log(N)/loglog(N)) tiles at 𝜏 = 2 by a factor-2  
size-separable system. 

• Optimal for tile types. 

• Just for squares.



Our result
Theorem: Let there be a 𝜏 = 1 mismatch-free system 
of t tiles with unique terminal assembly A.  
 
Then there exists a 𝜏 = 2 factor-2 size-separable 
system of at most 8t tiles with unique terminal 
assembly A’ with shape of A scaled by a factor of 2.
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Conclusions
• The two-handed tile assembly assumes any 

non-terminal assembly is removed. 

• The practicality of this is captured by the  
size-separability of the system. 

• Any 𝜏 = 1 mismatch-free system with a 
unique terminal assembly can converted to  
a factor-2 size-separable system with optimal  
increase in scale and temperature.



Open problems
• Algorithms for making larger classes of tile 

systems optimally size-separable: 

• Systems with multiple terminal assemblies. 

• 𝜏 > 1 mismatch-free systems. 

• 𝜏 = 1 systems with mismatches. 

• Examples of systems that cannot be made size-
separable without large scale, tile set blowup.


