
containing f(n) = 4n [log 3n] bits; each of 4n sides may have 
a strength in {0, 1, 2}, and non-zero-strength labels may be 
defined by the first tile (in some arbitrary order) with the 

• same tile on the opposite side. Thus if tile system T uniquely 
produces an NxN full square, then p : PsA2dT will return 
# N  when input to U. Therefore, for almost all N, 

(1 - e) l o g N  < Kv(N) < [PSA2[ + f(K2A(N)) 

< C1 + C2K~A(N)[C3 + loglog N], 

where we used K~A(N) : O(log N) from Theorem 3. The 
final result follows from simple algebra. • 

In other words, a Kolmogorov-random integer N cannot 
be compressed by the self-assembly model. 

4. DISCUSSION 
Ti les  or  labels.  This paper discussed the program-size 
complexity of self-assembled squares, where complexity was 
measure by the number of distinct tile types involved. An 
alternative complexity measure is the minimum number of 
distinct side labels required to uniquely produce the object. 
The number of labels will be relevant in a physical system 
where the number of distinct binding interactions is limited 
due to imperfect specificity of binding. Do both measures 
give asymptotically similar results? 

K o l m o g o r o v  complex i ty .  A main conclusion of this 
paper is that  the program-size complexity of self-assembled 
objects (at 7- = 2) looks remarkably similar to the usual 
program-size complexity with respect to Turing machines. 
This is hardly surprising, since self-assembly at T = 2 can 
simulate Turing machines. However, Figure 8 makes K~A 
look perhaps more similar to K~] than it ought to: K~A is 
computable due to the monotonic nature of self-assembly 
growth (each tile set can be simulated in turn until it halts 
or exceeds an N x N  region), whereas of course Ku is not 
computable. 

Dis in tegra t ion .  The difference between K~A and Ku 
comes from the monotonic nature of self-assembly: the grow- 
ing object always gets bigger, so "temporary results" cannot 
be larger than the object itself. A simple device circumvents 
this difficulty: select a subset D C T; after self-assembly is 
complete, the tiles in D are destroyed in all assemblies in 
Term(T), and the resulting assemblies are considered the 
output of the computation. A molecular implementation 
might make the tiles in D out of RNA, while the tiles in 
T \ D are DNA; then, an RNase enzyme can be used to 
destroy all tiles in D. 

Let / ~ A  be the full square complexity for the model with 
disintegration. The ability of T : 2 self-assembly to sim- 
ulate Turing machines can now be used to make squares: 
given a Turing machine program p such that U(p) = #N,  
we generate C + IPl tiles (all in D) that simulate p and ex- 
pand the result into a template of length N. Now a few 
final tiles (not in D) complete the square; only this square 
will survive disintegration. Thus / ~ A  < Ku(N) + C; we 
already know Kv (N) = O(I~2A (N) log log N). That  is, the 
only difference is that  /£~A measures the number of tiles 
instead of the number of bits required to specify the tiles. 
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