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Covert Computation in the Prebuilt aTAM*
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Abstract

We prove several results related to the concept of hid-
den computation in the most well-known model of self-
assembly, the Abstract Tile-Assembly Model (aTAM).
Previous work showed that the aTAM, with negative
glues and no detachment, or in 3D, is capable of covert
computation. Without negative glues, the aTAM is still
capable of covert computation, but it only seems pos-
sible with exponential-sized output assemblies. Here,
we show that with a constant number of constant-
sized prebuilt assemblies, covert computation is possi-
ble. Further, we use this to show that the fundamental
self-assembly problem of Unique Assembly Verification
(UAV) in the prebuilt aTAM is coNP-complete, which
is in contrast with UAV in the standard aTAM, which
is polynomial. Finally, we look at the polyTAM and
prove that Producibility is in P and UAV is FPT with
respect to the size of the polytiles in the tile set.

1 Introduction

With the ability to manufacture nanoscale structures
and to use DNA as building blocks for structures [24]
or for data storage [11], there has been a great increase
in the need to process and compute information at the
same level. Thus, the study of self-assembling computa-
tion has been an important and active area of research
over the last two decades.
Designing self-assembling systems that compute func-

tions is an active and well-studied area of computa-
tional geometry and biology [5, 19]. The ability to
craft monomers capable of placing themselves, espe-
cially when doing precision construction and computa-
tion at scales where conventional tools are incapable of
operating, (e.g., the nanoscale) has tremendous power.
One of the few downsides to self-assembly computation
is that the entire history of the computation is visible.
In certain cases, this may be undesirable for privacy
or security reasons, which we motivate below. Thus,
we build on recent work [3, 7, 8, 10] to explore covert

computation, where we build Tile Assembly Comput-
ers (TACs) designed to obtain the output of computa-
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tion while obscuring the inputs and computational his-
tory. We do this by proving that covert computation
is possible in one of the simplest standard models of
self-assembly (the Abstract Tile-Assembly Model [26])
if only a constant number of prebuilt assemblies are al-
lowed in the tile set.

1.1 Previous Work

The Abstract Tile-Assembly Model (aTAM) was first
introduced in [26] and inherited the ability to perform
Turing computation from Wang tiles [25]. Since then,
investigation into the model has led in many directions,
such as Intrinsic Universality [17,20], efficient assembly
of shapes [22], and parallel computation [6, 21]. Many
generalizations have also appeared, such as allowing for
RNA tiles that can be deleted [1, 14], multiple stages
of growth [7, 13, 15], and even negative glues [10, 16].
The aTAM is powerful because not only can the tile
set store information, but work has also gone into using
the seed [4], or even the temperature [12,23], for making
systems more complex.
Tile Assembly Computers were defined in [6,21], and

Covert Computation, as defined in the field of self-
assembly, was first introduced in 2019 [10] for negative
growth-only aTAM. In negative variations of tile self-
assembly models, tiles are capable of not only attach-
ment to, but also detachment from, an assembly if the
assembly has a cut through the bond graph less than
the temperature, which might have been introduced by
a negative glue. In negative growth-only aTAM, the
system must be designed so that no tile detachment
can occur, even when there may be glues providing
a repellent force. The covert computation framework
was created to analyze the Unique Assembly Verifica-
tion (UAV) problem within that model, and showing
it to be coNP-complete. Covert computation has been
explored in two other models of self-assembly as well:
Staged Self-Assembly [7] and Tile Automata [8].

Unique Assembly Verification and Producibility are
fundamental problems in the field of self-assembly. In
the standard aTAM (no negative glues), the Producibil-
ity and UAV problems are solvable in polynomial time
[2]. These algorithms generalize to the 3D aTAM as
well. However, covert computation is possible in the
3D aTAM [3] even though UAV is polynomial. With
prebuilt assemblies in the aTAM, Producibility is NP-
complete, and UAV is known to be coNP-complete with
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a single tile in each loop, we exclude all the neighbor-
hoods of that tile. At a high level, we must do this to
make sure we avoid any possible geometric blocking.

Theorem 3 Unique Assembly Verification in the Poly-

TAM is solvable in time 2O(k)poly(|T |, |A|) where k is

the size of the largest polytile. Thus, UAV is FPT with

respect to polytile size.

Proof. For polytile p ∈ A, let NA(p, i) be the set of
polytiles q such that q is within i unit squares of p in A.
We refer to a rogue assembly as any assembly R such
that either (1) R ⊈ A or (2) R is a strict subassembly of
A and is terminal. Thus, the existence of a producible
rogue assembly is sufficient and necessary for a UAV
instance to be false. While in the prebuilt aTAM we
had to handle the second case in the polyTAM, we know
that if the assembly is producible then no subassembly
is terminal via the same argument as in producibility.
Placing a tile from A never prevents reaching the target.

The algorithm is as follows: for each polytile p ∈ A

and subsets Q ⊆ NA(p, 4k), consider the assembly
B = A \ p

⋃
Q. Starting from the seed S, run the

producibility algorithm from Theorem 2 and take the
maximally produced subassembly C ⊑ B. Check if any
tile r ̸= p can attach to C. If any such tile can attach,
then return R = C

⋃
r.

It remains to be proven that the returned R is a rogue
assembly. If the UAV instance is false, then there ex-
ists some producible rogue assembly R′. Since it is
producible there exists some R′ → R, we can repeat
such a process until we reach some non-rogue assembly
B′ → R. Thus, we can always assume there exists a
rogue that is within 1 attachment from some subassem-
bly B′ ⊑ A. Consider the smallest such B′. Let r be
the polytile such that R = B′

⋃
{q}, which exists since

B′ → R. Let βA(r) be the subset of polytiles of A that
overlap with r, i.e., the tiles that block r. Let αB′(r) be
a minimum set of polytiles in B′ that r uses to attach
to B′, i.e., the glue tiles. Now consider some other pro-
ducible assembly C ′, as long as C ′

⋃
αB′(r) = αB′(r)

and C ′
⋂
βA(r) = ∅, i.e., C ′ allows r to attach. Now we

will find some C ′ in our algorithm and that attaching
r to C ′ forms a rogue assembly. Consider some tiles
e ∈ A such that e and r overlap. Consider the neigh-
borhood N(e, 4k). Note everything in αB′(r) and βA(r)
are included in N(e, 4k) as the bounding box containing
both r and e is max 2k in both dimensions. We need to
double the size of the bounding box again since βA(r)
and βA(r) are within k distance of r. Thus, since we
check all subsets of N(e, 4k), we will find a subset with
everything in αB′(r) and nothing in βA(r). Thus, we
build some assembly C ′ that allows r to attach building
a rogue assembly. □

5 Conclusion and Future Work

In this paper we showed the prebuilt aTAM is capa-
ble of covert computation and used that to improve the
hardness result of verification problems to show they
only require a constant number of tiles. Thus, in pa-
rameterized complexity terminology these problems are
paraNP-complete (or para-coNP-complete) with respect
to the prebuilt assembly size, which means the problem
is NP-hard (coNP-hard) for some exact constant, which
is 8 for these problems. This in contrast to the poly-
TAM where we have an FPT algorithm with respect to
the polytile size. These results lead to some interesting
directions for future work.

� One open problem is to improve the FPT algo-
rithm. Can we achieve a polynomial time algorithm
or is it NP-hard for super-constant sized polytiles?

� In the prebuilt aTAM we have pushed the prebuilt
assembly size from 38 to 12. With a modification
of the original aTAM UAV algorithm, similar to
the FPT algorithm for polyTAM, it seems feasible
to show that UAV with prebuilt assemblies of size
≤ 3 is polynomial since size-4 assemblies are the
smallest stable assemblies that could exist that is
not buildable from singletons (a cycle of 4 tiles with
strength-1 glues between them in a τ = 2 system).
See Figure 3b. This leaves a complexity gap for
prebuilt assemblies of sizes 4− 11.

� We only used 8 different prebuilt assemblies. What
if only a single prebuilt assembly is allowed?

� Covert computation is already possible in the 3D
aTAM, however, we believe that in the 3D prebuilt
aTAM, if we modify the covert circuit (from [9])
with a fewer number of smaller sized prebuilt as-
semblies, covert computation is possible and UAV
would be coNP-complete, which is in P without
prebuilt assemblies.

� Although not investigated, we may also get some
straightforward corollaries from the polyTAM, such
as the prebuilt aTAM being capable of universal
computation at temperature-1 whenever we have
prebuilt assemblies of at least size 3 [18].
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