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Abstract

A novel error detection/correction technique for algo-
rithmic self-assembly is presented in this paper. Through
the use of a tile set that allows errors to be isolated and
propagated to the boundary edge of 2D (two-dimensional)
assemblies, the proposed technique permits growth errors
to be detected and corrected.For assemblies inwhich each
four-sided tile is a party to only one tile mismatch, all
growth errors in the assembly can be detected and cor-
rectedusing the proposedmethod withonly two additional
tiles. This technique relies on the attachment of so-called
isolation tiles at set periods, thus implementing a check-
point for error detection/correction. The physical envi-
ronment and related features for the removal of the erro-
neous sections of an assembly are presented.

Index Terms: error detection and correction, check-
pointing, error tolerance, DNA self-assembly, tiling.

1. Introduction

Structures for IC manufacturing can be programmed
to self-assemble through the use of binding properties
of DNA strands, which are composed of unpaired bases
binding with reciprocal bases. This process uses com-
plexes commonly referred to as tiles; for example, in
rectangular structures a tile has four types of DNA
strands. Previous works have reported that the assem-
bly of incorrect tiles occurs with error rates between 1
to 10 percent [4]; as millions of molecules are usually
involved, the presence of these errors represents a se-
rious challenge for efficient manufacturing in the nano
ranges. Therefore error detection and correction tech-
niques are needed.

Error correction techniques that require additional
matching ends have been proposed; in [7] pads between
tiles decrease the error rate by requiring more bonds to

match for each assembled tile. The use of checkpoints
for DNA-self assembly has been investigated in previ-
ous works; [6] has proposed, simulated, and evaluated a
checkpoint scheme based on temperature pulsing during
crystalline array growth. Periodic pulses remove defec-
tive, and adversely remove some of the correct (error-
free) sections of the crystalline arrays. In [6] bonds be-
tween incorrectly attached DNA tiles are broken, so
that defective (erroneous) substructures can separate
from the lattice, thus restarting growth at an earlier
error-free structure. In the process outlined in [6], it is
assumed that a temperature pulse (i.e., a temporary in-
crease in temperature) removes all defective regions of
the structure. Although a portion of the removed tiles
are correct, the incorrect tiles are removed at a higher
rate. This paper presents a tile set and a novel error
correction technique with checkpointing for a rectan-
gular pattern, that is amenable to DNA self-assembly.

2. Overview of Proposed Method

In algorithmic self-assembly, the growth of a DNA
crystal is used for information processing. A set of DNA
tiles is used to execute an algorithm. The abstract Tile
AssemblyModel (aTAM) [2] provides the basis for anal-
ysis of algorithmic self-assembly in an ideal case. A tile
set consists of a finite set of unique tiles that is used
to self-assemble into a DNA crystal. A tile is assumed
to be square and tiles can not rotate by assumption.
Each of the four sides of a tile has a bond type. The
bond types of a tile determines the uniqueness of the
tile. Each bond type has an associated bond strength.
Bond types can be null (strength of 0), single (strength
of 1), or double (strength of 2). Two bonds of the same
type can glue (i.e. bond) together, with a correspond-
ing strength. It is assumed that the strength between
different bond types is always 0. In an ideal process,
self-assembly always begins with a seed tile. A tile can



be added to the existing crystal when its total bond
strength to the crystal is greater than or equal to 2. The
crystal generated from the seed tile via a series of legal
(correct) tile additions is referred to as the produced as-
sembly. The integer in the tile denotes the bond type.
In practice, a mismatch may occur during this process,
such that a tile with a total bound less than 2 is at-
tached. Additionally, a tile can also fall off from a crys-
tal.

The kineticTileAssemblyModel (kTAM) [2] provides
a framework to analyze and simulate the non-ideal self-
assembly. The kTAM model includes rates for both as-
sociation and dis-association of tiles from the crystal.
In this model, it is assumed that the on-rate (asso-
ciation) ron is determined only by the tile concentra-
tion, that is determined by the parameter Gmc. The
off-rate roff (dis-association) is determined by the to-
tal bound strength b that holds the tile to the crystal
and the parameter Gse. These rates are given as fol-
lows: ron = k × e−Gmc and roff,b = k × e−bGse , where
k is a constant, Gmc is the physical parameter measur-
ing the tile concentration, while Gse is the physical pa-
rameter measuring the unit bond strength.

This paper specifically addresses the detec-
tion and correction of growth errors, which are defined
as weakly-bonded tile attachments at a location where
another tile could and should attach [3]. Growth er-
rors occur if there exist at least two incorrect (er-
roneous) attachments upon the same four-sided tile.
The error correction technique presented in this pa-
per is referred to as the Error Isolation Tile method.
Border tiles are defined as any tile on an edge of an as-
sembly, in which growth has ceased. In the pro-
posed model, border tiles assemble at the same rate
as the entire assembly, thus a tile mismatch is al-
lowed to propagate to an edge, and causes a disjointed
line to occur in the border tiles, i.e., the initial er-
ror results in a disjointed line in the border tiles, that
should otherwise be straight. At the break in the bor-
der line using the proposed method, a so-called Er-
ror Isolation Tile attaches and thus, it effectively tags

that section of the assembly for removal. A growth er-
ror is illustrated in Figure 1; the disjoint line (as effect
of this error) is evident.

Consider the error-free assembly shown in Figure 2a,
the subsequent attachment along the southern bor-
der of an Error Isolation Tile that detects the error is
shown in Figure 2b. Although a set of Error Isolation
Tiles that attach to every possible defective structure
of two adjacent tiles could be constructed, the num-
ber of tiles in such an Error Isolation Tile set would
be prohibitively large, thus very inefficient in terms of
overhead in the final assembly. In addition to a tile

Figure 1. Initial Growth Error.

mismatch, it is possible that a growth error (as de-
noted in Figure 1 by an E) is caused by weak bonds.
The bond strength must not allow for shifting a sub-
sequent column up or down by one row; if this occurs,
then it is considered a growth error. This is classified
as a growth error (even though no mismatch has oc-
curred), because the rules of the bond strength must
cause the tiles to fall off prior to other tiles to subse-
quently attach and increase the adjacent bonds for a
permanent attachment to the assembly.

The proposed approach requires only two additional
tiles, which are referred to as the Error Isolation Tile
set. The rectilinear growth of the assembly results in
the need for two tiles in the tile set, as opposed to just
one tile. The two types of Error Isolation Tiles are illus-
trated as error tags in Figure 3a. (1) The first Error Iso-
lation Tile attaches to the two disjoint border tiles from
the southeast. (2) The second Error Isolation Tile at-
taches from the southwest. Errors are detected when an
Error Isolation Tile attaches to the assembly at the lo-
cation of two disjoint and adjacent border tiles, which
can only be adjacent in error. Any growth error re-
sults in a disjoint line at the southern border tiles, so
only two Error Isolation Tiles are required to detect a
large number of possible growth errors.

3. Error Detection and Correction

Border tiles are employed in most tile sets for algo-
rithmic self-assembly [5]. In most tile sets these tiles
assembly prior to the interior tiles. Thus, propagation
of an error within the interior tiles will be blocked by
the border tiles and prevented from reaching an edge
of the assembly. In the proposed model, border tiles in
the tile set may only assemble if an interior tile next to
the border is assembled. The growth error in the inte-
rior will cause a break in the straight line of the border
tiles, as shown in the middle of Figure 1 by the dis-
joint line due to E as growth error. The border tiles
make up the disjoint bottom row. The set employed to
demonstrate the Error Isolation Tile correction tech-
nique is a modified version of the linear tile set pre-



a) Error-Free Assembly

Error Isolation Tile

b) Assembly with One Er-
ror Isolation Tile

Figure 2. Example of Two Assemblies.

Error Isolation Tile

a) Assembly with Five
Error Isolation Tiles

b) Assembly via 4× 4
Snake Proofreading Tile

Set

Figure 3. Example of Two Assemblies.

sented in [1]. The tile set employed through the re-
mainder of this paper is the 3× Y rectangular tile set
detailed in Figure 4, and illustrated in an error free as-
sembly in Figure 2a. This tile set has a potential appli-
cation as a data bus with one data line, and could be
modified to have any number of data lines. The tile set
defined in Figure 4 does not contain an input or out-
put, but it self-assembles into a defined pattern. The
error correction method proposed in this paper can be
applied to a modified version of any tile set that ex-
hibits algorithmic self-assembly, such as the Sierpinski
triangle or the binary counter tile sets of [5]. Hence, all
growth errors in which no four-sided tile is part of two
or more errors, will cause a disjoint line in the south-
ern border tiles, and an Error Isolation Tile will attach
to those two disjoint border tiles.

4. Removal of Defective Sections

Previous works have presented theoretical models
and tiles sets in which a damaged section of an assem-
bly can heal perfectly, i.e., the damaged section of the
assembly is removed. The use of a particular tile (with
conductive cargo or a tag) for detecting an error, has
been proposed in [9]; in that work, the use of magnetic
attraction has been proposed for removing a defective
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Figure 4. 3 × Y Rectangular Tile Set, with Error

Isolation Tiles.

section of an assembly [8]. The previous section has
shown that the Error Isolation Tile correction method
detects most growth errors in the 3 × Y rectangular
tile set (as defined in Figure 4). The method to remove
only a specific portion of the assembly (that is tagged
for removal by an Error Isolation Tile) is detailed in
this section. The proposed error correction technique
can be employed by any tile set that exhibits recti-
linear growth, i.e., growth that is limited to only two
specified directions. Most existing tile sets exhibit rec-
tilinear growth, and the proposed technique can also
be extended to these sets. The proposed Error Isola-
tion Tile method uses checkpoint intervals in which all
growth activity ceases, and defective sections of the as-
sembly are removed.

In the proposed method, all Error Isolation Tiles
hold a metal, i.e., a conductive cargo. Thus, the assem-
blies with an attached Error Isolation Tile can be at-
tracted to a charged metal and a section of the assem-
bly (within a given radius of the Error Isolation Tile)
can be raised in temperature, thus causing bonds to
break and a partition of the assembly to occur. This
partition divides the assembly into error-free and erro-
neous (defective) sections. This is accomplished as fol-
lows: (1) The device that removes the defective section
of the assembly is referred to as the Partitioner Cell,
and is shown in Figure 5a. An array of partitioner cells
is illustrated in Figure 5b. The Error Isolation Tiles are
attached to the charged metal strip, known as the Er-
ror Isolation Tile Attractor, this is shown as (a) in Fig-
ure 5a. The portion of the assembly to be removed
contains the initial error and all tiles to the right of
the error, so the assembly attaches to the Partitioner
Cell with the Error Isolation Tile on the south side.
(2) To ensure a proper orientation of the assembly, a
3-D Orientation Bar (shown as (b) in Figure 5a) is em-



Partitioner Cell

(b) Orientation Bar

(c) Partitioner Strip

(a) Error Isolation Tile

Attractor

a) Single Empty
Partitioner Cell

b) Array of Partitioner
Cells

Figure 5. Partition Cells.

ployed to prevent the assembly from attaching to the
Partitioner Cell at an incorrect orientation. A proper
orientation is required, such that only tiles near and
to the east of the error are removed. (3) The Parti-
tioner Strip (shown as (c) in Figure 5a) is a 2-D strip
of metal that heats the local portion of the assembly
directly above it, thus causing the bonds (also directly
above it) to break. When bonds of the assembly lo-
cated above the Partitioner Strip are broken, due to
the west to east rectilinear growth that the 3×Y rect-
angular tile set exhibits, every tile to the east of the
error will be removed. Therefore after the checkpoint-
ing stage, all tiles that subsequently attach after the
initial growth error are removed from the assembly.

Figure 6a illustrates an occupied Partitioner Cell.
After an assembly attaches to a Partitioner Cell and the
portion of the assembly (that is located above the Par-
titioner Strip) breaks, the assembly is partitioned into
error-free and erroneous sections, as illustrated in Fig-
ure 6b. The erroneous section of the assembly remains
connected to the charged strip, and the error-free sec-
tions of the assembly return to the solution. The array
of Partitioner Cells continues to fill with defective por-
tions of the assembly, so there must be sufficient arrays
of Partition Cells for all assemblies with Error Isolation
Tiles attached. Arrays of Partitioner Cells are always
immersed in the solution; they attract only erroneous
assemblies when the self-assembly is in a checkpoint-
ing state. The proposed checkpoint process is therefore
complete, and it may be repeated.

The use of error detection/correction via checkpoint-
ing and Error Isolation Tiles can be extended for use
with assemblies other than rectangles. Through an al-
teration of the orientation of the 3-D and 2-D metal
lines (i.e., (b) and (c) in Figure 5a), the Partitioner Cell
can partition triangular or circular assemblies, there-
fore the Partitioner Cell is not limited to the parti-
tioning of exclusively rectangular assemblies. Every tile
within a specified radius and to the east of the defec-
tive section can be removed (e.g., Figure 6).

a) Occupied Partitioner
Cell

defective section,

removed from solution
correct section,

returns to solution

b) A Tile Assembly is
Successfully Partitioned

into Error-free and
Erroneous Sections

Figure 6. Example of an Occupied Partitioner

Cell Before and After Partitioning an Erroneous

Tile Assembly.
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