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Abstract: Objective: in order to design and implement generalized table data structure in DNA computer. Methods: with
the help of the k-arm of the form described by encoding DNA. Process: the first step is to discuss k-arms DNA molecular
structure in DNA computing in the application; the second step, discusses the storage structure of generalized list; The
third step, on the basis described in detail in DNA computer generalized form of the operation of the main algorithm. The
result and analysis: from using the k-arms DNA encoding described in the data, we can get the model in the generalized
form recursive effect is effective, get the reason is of memory structure, the main elements of the DNA encoding and the
generalized problem of DNA computer biological operation for detailed analysis. Results: paper from using k-arms DNA
encoding the formal description method of generalized list data structure design and the realization process in DNA
computer is effective, and the model which is effect to the recursive generalized list is the advanced work.
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1. INTRODUCTION

DNA is a great advantage in the traditional computing
field. Computational intelligence is today's rapid
development of the international frontier and - cross
discipline, it is simulating human intelligent behavior, solve
various problems of the uncertain, nonlinear, complex, it has
a very broad application prospects, especially in the last few
years, DNA computing birth, intelligent computation family
add new blood, expanded the field of computational
intelligence.

The core idea of DNA is to use the information
processing ability of organic molecules to replace the digital
switch components, which in order to achieve the purpose of
operation. Many current difficult problem existence is that
the traditional electronic computer has even helpless, people
try to solve this problem, presents the basic components of
the modern computer gradually transition to the molecular
level, the birth of quantum computing and DNA computing
is the idea of two kinds of reflected, so electronic computers
are not long development road end, DNA computers may
become the subject of the next generation Fig. (1).

2. DNA COMPUTER

The research of DNA computing should focus on two
aspects: first, to understand how to realize a kind of natural
computing model in DNA computing. Two is the data
structure, operation type and calculation mode of the
traditional computer used by DNA. Traditional electronic

1874-4443/15

computer has complete Turing machine theory, which
support to ensure the correctness of the calculation, and
DNA computing was different from traditional computer
repeated write operation, dependent on the DNA molecular
connection, insert, cut, paste, delete operation, and the
problem is that this mode of operation is to ensure the
operation correct, theory has proved all operation model for
the calculation of functionally equivalent to Turing machine
dependent, which will become the continued study of DNA
computing reliable guarantee [2].

Fig. (1). DNA is promising and will greatly change the current
calculation method.

The prospects for the reason why the DNA computing
have such high expectations, are based on the following two
points: one is the massive parallelism of DNA; for many
famous difficult computing problems in the calculation of
the current concept and usually tries to through the
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exhaustive algorithm to exhaust all possible solutions, but so
that the search of cable size is too large, use current
technology is unable to complete the problem. However,
DNA strand can high density information storage, and easily
carried out a large number of copies, which will make
exhaustive search becomes possible [3]. Complementary
structure of Watson Crick, provide free nature of a feature is
a Watson Crick found. Ideally, when two single strand
binding, relative to the two bases are complementary to each
other.

DNA calculation is to make full use of the advantages of
DNA molecules with massive amounts of memory genetic
code and biochemical reactions. Thus, the DNA computer
generated by the DNA model is a huge amount of storage
and a surprising speed.

2.1. Research Field of DNA Computing

The research field of DNA computing is more extensive,
and it includes the following aspects:

1. Study on the theory of biological algorithm. The so-
called algorithm, in fact, is a kind of process, a series
of related instruction set, is the most basic elements of
the operation on the data. And discuss the algorithm
theory of the essence of DNA computing is algorithm
biological molecular algorithm. DNA Algorithm
based on controllable biochemical reaction or
response system, is using high-capacity active similar
molecular high copy number of advantages, pursuit of
computing highly parallel, so as to improve the
operation efficiency [4].

2. The application of graph theory and combinatorial
optimization problem. Graph theory and combi-
natorial optimization problem is a hotspot in the study
of DNA computing, due to the traditional electronic
computer and existing intelligent calculation method
of graph theory, the combinatorial optimization prob-
lems in some problems can’t provide satisfactory
solutions, DNA computing the advantages of some of
their computational characteristics begin to appear in
this regard.

3. The application of NP complete problem. It can be
said birth of DNA computing in computing the fastest
people place is of NP complete problems break-
through, the so-called NP complete problem that can
be effective algorithm in polynomial time to complete
the calculation. The parallel computing power of
DNA computing is an optimal solution to the large
amount of computation.

4. The research on the data structure design theory of
DNA calculation. With the help of the biological
molecules, DNA computer is a new kind of computer
simulation of the structure which has biological
molecules DNA and DNA calculation. The study
shows that DNA computer has complete Turing
machine function, the DNA computer become the real
computer provides a theoretical support.
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2.2. DNA Calculation

The core idea of DNA computing take the coding DNA
strand as a data input, in vitro after a series of controlled
biochemical reactions, final solution gives all of the solution
space, in order to complete the operation, using
biotechnology separation solution.

Specific processes include such three steps:

(1)  Encoding: in the analysis of the problem domain, the
use of a specific encoding mode, the problem domain
information bearing the map to the DNA chain.

On the basis of determining the molecular structure of
the encoding and synthesize the DNA chain.

(2)  The hybridization reaction: Code of the DNA
molecule and the necessary enzyme reaction added
into the test tube, through the biochemical actions of a
series of hybridization, separation of controllable bio
chemical reactions, to produce the desired molecular
structure of DNA.

(3)  The separation of the solution: the solution of the
problem is obtained by means of the DNA molecule
in the generation of the reactants.

Details are shown in the flow Fig. (2).
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Fig. (2). DNA calculation flow.

3. GENERALIZED TABLE DATA STRUCTURE

The generalized table is a generalization of the linear
table, and the generalized table is a kind of structural form of
data structure. Generalized table general:

LS = (al,az,...,an) )
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where LS is the (a;, a, ..., a,) name of the generalized table,
N is its length, a; can be a single element, it can also be
generalized table.

3.1. Linear List in the Generalized Table

The linear table is the most common and simple data
structure, in short, a linear table is a finite sequence of N data
elements. Can be written as:

(al,az,...,al._l,ai,am,...,an) 2)

As can be seen, it is just the case of the individual
elements in the generalized table (1). Therefore, the linear
table is a special case of the generalized table. The linear list
can be classified into a generalized form.

3.2. Stack in a Generalized Table

By the abstract data type definition of the stack, it is a
linear list of the insertion and deletion operations in the end
of the table only. Since the linear list can be classified into a
generalized form.

3.3. Queue in a Generalized Form

By the definition of the abstract data type of the queue,
the queue is a kind of advanced linear list. Because the linear
list can be classified into a generalized form, the queue can
be classified into a generalized form.

3.4. A String in a Generalized List

String is a finite sequence composed of zero or more
characters. By the string of abstract data type definitions, the
string is also linear. Since the linear list can be classified into
a generalized form, a series of concepts can be generalized to
a general form.

3.5. Array in a Generalized Table

The abstract data type definition array, when the n-
dimensional array n=I/, degenerate linear table length. On
the other hand, n-dimensional array can also be seen as a
generalization of linear table. In fact, in the form of a one-
dimensional array:

A=(a0,a1,a2,...,alH) 3)

When eacha; (0 <i<n-1) for the same length, with a
one-dimensional array data type, A has become a two-
dimensional array.

When eacha; (0 <i<n-1) for the same parameter,
with two-dimensional array data type, A has become a three-
dimensional array.

When eacha; (0 <i<n-1) for the same parameters,
the same three-dimensional array data type, A has become a
four-dimensional array.

When eacha; (0 <i<n-1) for the same parameters,
the same n-1 dimensional array data type, A has become the
n-dimensional array.
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Because of the requirement of the general form in the
concept, the condition is wider than the array in the concept.

3.6. Tree Structure in Generalized Table

Tree structure is a kind of important nonlinear data
structure. It can be expressed in a general form. In other
words, the tree is a kind of generalized table. Therefore, the
tree can be classified in the general form of the concept.

4. GENERALIZD
COMPUTER

TABLE OPERATION ON

DNA computer processing of the data are stored on the
DNA molecules, through genetic engineering, such as
mixing, synthesis, cutting, etc. [5].

As we know, data structure in electronic computer is
used to organize the information, usually in memory, for
better algorithm efficiency. Some typical data structures are
linear list, queue, stack, heap, dictionary, tree, and graph,
sometimes has a conceptual unit. Being similar to electronic
computer, data structure can help to organize the information
processed by DNA computer correctly and efficiently, and
make DNA computer for practical application.

In this paper, we propose a model of generalized list in
DNA computer. We discuss the storage structure and DNA
encodings for the nodes of generalized list. And the
implementations of all bio-operations on generalized list are
described details [6].

4.1. Generalized Table Storage Structure

Generalized table has been widely used in computer. For
example, their basic data structure in programming language
Lisp. The expanded list and the elements can be individually
or in a table.

For general lists, it is difficult to store the sequence of
elements, because the elements of the structure are different.
We usually use a linked list as a storage structure for the
generalized table, and we use a node to represent each
element. It splits into the head and tail for a non null
generalized table. That is to say, a pair of head and tail can
ensure a certain generalized table.

Because the element may be atom or list, it needs two
types of nodes. One is list node, and the other is atom node,
the list node contains three parts: tag, hp and tp. While the
atom node contains two parts: tag and atom. If the value of
tag is one, it means this is a list node. If the value of tag is
zero, it means this is an atom node. The value of hp indicates
the pointer of head of the generalized list. The value of tp
indicates the pointer of tail of the generalized list. The atom
is the value of the data [7].

Because an element may be an atom or a list, it requires 2
types of nodes. One is the list of nodes, the other is the
atomic node, that list of node contains three parts: tag, HP
and TP. The atomic nodes contain 2 parts: tags and atoms. If
the value is 0, it means that is a list of nodes. If the value is
0, it means that it is an atomic node.
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4.2. K-Arms DNA

Along with molecular calculations of the k- arms, it was
presented by jonoska ef al. 1999. DNA algorithm for solving
3-SAT and 3-VCP, and the steps are equal to the number of
variables. In this graph, the degree of the vertices of the k-
arms molecule represented by K. is similar to that of the k-
arms molecule, such as Holliday [8]. 2002, jonoska et al.
constructed the corresponding 3D DNA diagram of this k-
arms molecule. It is established in the biological laboratory
with the k- arm of the DNA molecule 2-arms three 3D DNA
map feasible, 3-arms and 4-arms as an example. Based on
these features, we use the 3-arms molecule to represent the
general table of knots [9].

4.3. DNA Encoding Node Generalized List

To sum up, there are 2 types of nodes in a generalized
table. In order to represent the logical structure of the
generalized table in the DNA computer, we construct the two
nodes using the 3-arms molecule. As shown in Fig. (3).

(1)  E(i): This is a restriction enzyme recognition site.
With the purpose of using this enzyme, the nodes will
be cut off from the generalized table in the E(i),
which is very important in the process of the
generalized table traversal.

(2)  Eh: This is another restriction enzyme recognition
site. Under the condition of the enzyme activity, this
will enable the preparation of the work to produce a
new head node by the connection with the advanced
nodes. the nodes will be cut off, and leave a sticky
end the arm Eh.

(3)  Ec: This is another restriction enzyme recognition
site. Under the condition of the enzyme activity, the
value of the element will be distinguished.

(4)  Et: This is another restriction enzyme recognition site.
Under the active condition of this enzyme, the nodes
will be cut off, leaving a sticky end arm Et, which
will produce a new generalized tail node to design the
connection node in advance to prepare.

(5)  Element: The sequence represents the elements of the
data, which is a specific double stranded sequence.

(6) Stick: This is a specific single chain nucleic acid
sequence. The pre designed nodes will be connected
to a generalized list by ligation in this position.

To make the new node connected to a generalized list,
the same as the sticky ends produced. The operation of

Fig. (3). The node of generalized list.
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connecting a new node and distinguishing the elements
won’t occurring at the same time, so the enzyme Et and Eh,
must be hard. If they are the same, one of these operations
will be other. So, to finish the traversal of the generalized
table, my first nodes of the enzyme E(i) for i th node must be
distinct from the others.

5. EXPERIMENT ON THE STRUCTURE OF
GENERALIZED TABLE DATA ON COMPUTER

Below, we will study the basic operation of the computer.
These operations include an empty list, create a list, and
traverse a list. We use symbol L represent a generalized list
of DNA computers [10].

5.1. Initialize an Empty Table

An empty generalized table is shown to have Fig. (4).
The judging node is in the head of the generalized, the
digestive reaction will be implemented under the conditions
of the activities enzyme EQ. The fragment marks special base
for the design of the pre designed, and their position of the
cutting site enzyme EO. Determine the sign of the
corresponding fragment of a known detector molecule.

5.2. Produce a Generalized List

To produce a broad list, we first construct an empty list.
Second step insert the element into a generalized form of a
sequence of logical order. In the process of creating a
common list, we should prepare the following fragments in
addition to the empty list.

(1)  Element node. Finally, all the nodes are inserted into
the generalized list, and the corresponding element
nodes are obtained by the following operation. E is
some restriction enzyme.

(2)  Value segment. This section contains three parts. One
is a sticky end named S. This is the other recognition
site of the enzyme which named Ec. The third one
which named element is the value of the element. To
add this element to the element node, it must be
supplemented by the sticky ends produced by the
enzyme in the Eh. It is used to construct an atomic
node of the element node, which is a linear DNA
molecule.

(3) Node segment. As shown in Fig. (5), it is used to
construct the finally node with element node. This
segment contains three parts too. One is a restriction
enzyme named E(i). The other two are sticky ends

Ec element
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named S1 and S2 respectively. To add this enzyme
E(i) to the element node, the sticky end of S1 must be
complemented with the sticky end produced by
enzyme E in the element node. The sticky end ofS2
must be complemented with the sticky end produced
by enzyme E(i-1) in the (i-1) the node.

Eh
L
L

El
Fig. (4). The empty generalized list with none element.

If we construct these three DNA fragments, we should
design the other sequences according to the recognition sites
of these restriction enzymes and the cutting sites. For a
generalized list with n data and m list nodes, the number of
nodes in the list of nitrogen and rice, the number of segments
and nodes are respectively [11].

We take L=(a,b,c) as an example to illuminate the steps
of creating a generalized list.

Step 1: To synthesis of an empty generalized table, three
values, two nodes and an element node.

Step 2: The digestive enzyme activity is under the
condition of generalized list Eh; form named S’ ; to value
generalized list hybridization and ligation.

Step 3: Digestive enzyme activity of the generalized form
of the conditions; form a cohesive ends named S’ ; Mixed
connection section named nodel and complementary sticky
ends of the element node.

Step 4 generalized table. Of digestive enzyme activity;
form a cohesive ends named S2 '; hybridization and ligation
in step 3 get the generalized form of the element node.

Step 5, repeat step 2 to step 4, add the data (b, c) to the
generalized table.

5.3. Traversing a Generalized List

To traverse a generalized list, we have to start from the
last node until the first node. For the head node, we need to
design a suitable detector for the detection of symbol
sequence markers [12].

Here, we explain the process by which the elements of a
generalized list L = (a, b, ¢) in the first 3.2.

Step 1: the last node was cut off from the generalized
table in the enzyme E2 activity condition in the generalized
table.

L

Et

a ¢lenmentnode b value segment c

Fig. (5). DNA fragments for a generalized list.

. Ec
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Step 2: in the active state of the enzyme Ec digest the last
node, forming a sticky end corresponding to the data C,
detected by a pre designed detector [13].

CONCLUSION

In this paper, based on DNA computing generalized list
data structure research and the existing theory local
improvement, make own theoretical innovation and the
theory of sublimation. Compared with the development of
the DNA computing theory, which is lagged behind the
calculating machine data structure in graph theory, queues,
stacks and trees some fundamental and important problems
in the height of the theory.

Adleman in 1994 groundbreaking proposed a unique
DNA computing model, at the time of the DNA adleman has
been a great expectations, look from long-term point of
view, you can see the bright prospect of molecular
computing seems to DNA of a single molecule can to encode
Turing machine instantaneous description [14]. The
electronic computer protocols and biological enzyme can be
used to complete the sequence of operation. With the further
research of biology and chemistry theory and molecular
biology research may provide more advanced techniques to
manipulate a variety of macromolecules, the techniques for
the synthesis of various enzymes used in DNA computing
for DNA computing to provide greater support. Even under
the optimistic description of the above, we also clearly
recognize the need for further improvement of DNA
computing in molecular biology and chemistry.

Now the development of molecular biological technology
has been able to meet the basic needs of DNA computing
programming task, on the other hand also by DNA
computing process in a variety of operational problems in
laboratory, which is DNA computing bottleneck to the
further mature. In some ways, on the future of DNA
computing with a constructive attitude, they will be a
supplement to the traditional electronic computer, rather than
completely subvert it, some kind of problem seems to be
more suitable for DNA computing, and some problems using
existing electronic computer was able to obtain higher
efficiency [15].

From DNA Computing Laboratory angle, discussed in
this paper, the DNA computer generalized list in data
structure storage representation and design problems on,
although in a specific way to give the solution, but biological
laboratory complex clearly, we should focus on research
computation model for analyzing the biological laboratory,
such as surface calculation model, I believe that the
development for Biological Laboratory of DNA computing

clement

]

node scgment
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model will be the future of DNA computing model for the
study of a key. I hope this paper can provide some modest
contribution to the future research.
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