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Abstract

The topic of binary optimization in integer linear programming is an intensive
research area in the field of DNA computing. In this paper, a new DNA computation
model utilizing solution-based methods and fluorescence labeling techniques has
been discussed for getting the optimal solution of the 0—1 integer programming
problem. This model describes the major benefits of solution-based methods
including vast parallelism, extraordinary information density and ease of operation.
In addition, the merit of this model is its automation characteristics, simple coding
and time efficiency.
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Introduction

The field of DNA computing is concerned with possibility of performing
computations using biological molecules. It provides an understanding how complex
biological molecules process information in an attempt to gain insight into new
models of computing. DNA computing is interested in applying computer science
methods and models to understand such biological phenomena and gain interest into
early molecular evolution and origin of biological information processing. Though
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the speed of computing becomes faster and the capacity of memory becomes more
immense, many complex problems (e.g. NP-complete problems, prediction of
protein structure and function etc.) cannot be solved by electronic computer. Many
novel methods for the computational purpose have been discussed in the literature in
order to settle these kinds of problems efficiently. DNA Computing is a method
designed for solving a class of intractable problem, in which the computing speeds
up exponentially with the problem size. Using DNA molecules for computing is
based on its high density of information storage and computational capabilities.

The DNA (deoxyribonucleic acid) is a double helix with two coiled strands (chains);
each composed of nucleotide units and one strand is complementary to the other.
Every nucleotide consists of phosphate, sugar and one of the following bases:
adenine (abbreviated as A), thymine (T), guanine (G) and cytosine (C). The two
chains are held together by hydrogen bonds, which exist only between pairs of
complementary bases such as, intermolecular, A & T and G & C. Due to this favored
intermolecular interactions particular molecules recognize each other and as a result
of which a kind of key-lock decoding information is possible.

In addition to classical methods meant for solving integer-programming problem,
some molecular computing models are discussed in the literature and are based on
the primary trends in research studies known as solution based and surface based
DNA computations.

Surface-based DNA computation, which manipulates DNA strands immobilized on a
surface [1, 2, 3], is another significant progress in DNA computation. This method
normally uses more advanced biological technology and has the potential to be
automated in contrast to the solution-based method. However, the inherent
disadvantage of surface based models is that the number of DNA strands involved in
computation is limited since the strands are restricted to two dimensions of a surface
rather than three (Yin et al., 2007 [4]). When the number of DNA strands increase
with problem size, it is impossible to solve in surface base method. In this paper, we
proposed a new DNA computing model based upon solution-based method to solve
0—1 programming problem. Our approach involves the incubation of solution-space
that contains the “sticker” DNA strands. Adleman and co-workers (1998) [7]
introduced an abstract model of molecular computation called the “sticker model”,
which has random access memory to exploit information encoding. The sticker
model breaks the strand into bit of strings where each bit comprises several DNA
molecules. A sticker is complimentary to one and only one bit string.

On the basis Adleman’s experiment we present a solution base model to solve 0-1
integer programming problem. The rest of the paper is organized as follows: Section
2 introduces the 0-1 integer programming problem; section 3 describes the DNA
algorithm for 0-1 integer programming problem; section 4 describes an example of
the DNA algorithm for solving 0-1 integer programming problem following by
conclusion.

2. The 0-1 programming problem

The 0-1 programming problem is a special case of an integer-programming problem,
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in which the value of every variable is restricted to be 0 or 1. Its general form can be
defined as:

Max (Min) z=cix; + coXo +.veeviniinnnnn.. +CnXn

Subject to the constraints

anXjptapXe T +a1nXn < (>) by
aXp tapXy oo, +as,xn < (>) by (1)
AmiX1 T amXo oo +amnXn < (=) bm

Where, x; =0 or 1, 1<1<n and b; are non-negative integers, 1<j <m.

We present a model to solve the general 0-1 programming problem with DNA,
when ajj is an integer value. Since a; is an integer, each constraint subjected to
optimization function can be transformed into corresponding constraints where
aj takes the value as 0 and 1.

The flow-chart corresponding to the overall scheme of algorithm for solving 0-1
programming problem is depicted in fig 1.

Input equation f(x;,x;,. . X )—cixi+eaxat. . FCa¥n
and generate all possible values of x; (x1.x2. ... %) that is
0 or 1 sothat f (x1,x X, is optimized.
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Generate Feasible Solution
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Obtain feasible solutions

!
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¥
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Fig 1: Overall scheme of algorithm
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3. Model Description and DNA algorithm for binary integer (0-1)
problem:

This model involves a system of equations that contains n variables x;_Xa,..., Xn, and
m equations. Each variable is represented by a single stranded DNA stretch with a
double stranded tag at the beginning. This imparts a sticky end to each variable as
shown in the fig 2. Similar structures with different composition of nucleotides and
tags are to be taken which denote the false values, xlv, xz' - Xn'. The constraints are
provide to the solution space by using x;", X", ..., X," strands which are
complementary to the single stranded portion of the variables x;, X, ..., X,. These
x1", Xp", ..., X," attach to their respective complementary portions on the variables
which are x;_xa,..., X,. With the help of fluorescent tagged material we can read out
our required solution. By using x;", X", ..., X" we provide all the given constrains
in different pools where each pool satisfy one of the given constraints and screen out
our solution space to a list of feasible solutions. Then every value of objective
function is compared to every feasible solution to get an optimal solution.

For more clarity we discuss in detail about the model for solving 0-1 integer
programming in such a manner:

X = Tag ATTGCTAT
X' = Tag GCGGATT
X" TAACGATA

Fig 2: Representation of variables using DNA strands

The flow chart of proposed DNA algorithm for solving 0-1 integer programming
problem is summarized as follows:
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A 4

Define well-formatted strands with first position
attached with different tag representing all the
variables of the computational problem

A\ 4
For each inequality satisfied add corresponding
complementary strands, and hybridize at least b;
complementary strands tagged with fluorescence

No

Infeasible solution

Check the
feasibility of
solution

A 4

l Feasible solutions

For each feasible solution evaluate the
objective function

A 4
Obtain the optimal solution

Fig3: DNA Algorithm for solving 0-1 integer programming problem
4. An example of 0-1 integer programming problem

Min u =2x +3y+z
Subject to the constraints
X+ty+z>2

x+y>1

y+z<1

Where, x,y, z=0, 1
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The process for solving 0-1 programming problem is divided into following six
steps:
Step 1: In a container we first synthesized 9 oligonucleotides, which were divided
into 3 groups. The oligonucleotides of the first group represented variables X, y, z
attached with different tags; the oligonucleotides in the second group similarly
represented variables x', y', ', also attached with different tags (x=1 if and only if
x'=0, such as y, z); the oligonucleotides in third group represented the
complementary strands of the first group (without any tags) and are denoted as x",
yﬂ, Z".
Step 2: We generate different combination of DNA molecules where we choose
oligonucleotides x, y, z and x', y', z' such that they must be very different,

oligonucleotide x represents variable x =1 and oligonucleotide x'=0, same for y, z.
(see fig 4).

Tag? Tagé Tags Tagd Tag3 Tag2 Tagl Tag0
ATC| z AGC| 2 TCG| Z GGA| 2 TAG| Z GAC| Z' TTA| Z ATC| 2
TAG TCG AGC CCT ATC CTG AAT TAG
Tag7 Tagb Tags Tagd Tag3 Tag2 Tagl Tagl
ATC| ¥ AGC| ¥ TCG| ¥ GGA| ¥ TAG| ¥ GAC| ¥ TTA| ¥ ATC| ¥
TAG TCG AGC CCT ATC CTG AAT TAG
Tag7 Tagé Tags Tagd Tag3 Tag2 Tagl Taglh
ATC| x AGC| x TCG| x GGA| X TAG| ¥ GAC| X TTA| ¥ ATC| ¥
TAG TCG AGC CCT ATC CTG AAT TAG

Fig 4: Combination of oligonucleotides are placed in a container

Step 3: Copies of the first container’s molecules are placed in 3 different containers
for 3 equations. Total process is done in parallel and takes less time.

Step 4: According to first equation, we added DNA probes, respectively tagging 3
oligonucleotides x", y", z" with fluorescent material (chemical compound and green
in color). For first constraint equation, we passed the complementary strands x", y",
7" tagged with fluorescent material corresponding to variable x, y, z. Any solution
satisfying this inequality is hybridized with at least 2 complementary strands tagged
with a fluorescent material (at least two bright point) and the feasible solution of the
problem is “7,6,5,3”. (See fig 5. where under tag7- 3 bright points are visible, under
tag6- 2 bright points are visible, under tag5- 2 bright points are visible, and under
tag 3- 2 bright points are visible which satisfies the first equation).
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Tag? Tagé Tags Tagd Tag3 Tag2 Tagl Tagl
ATC acc| ¥ || Tee GGA| Z' | | TAG GAC| ' | | TTA ATC|
" " 0 " "
1ac| 7| |16 acc| PP | cer atc ™ |cte AaT |%°%||TAG
Tag? Tagé Tags Tagd Tag3 Tag2 Tagl Tagl
ATC 505" AGC Joy" TCG| ¥ | |GGA| ¥ | |TAGFOY" |GACyOY"| | TTA| ¥ | |ATC| ¥
TAG TCG AGC CCT ATC CTG AAT TAG

Tag? Tag6 Tags Tagd Tagd Tag2 Tagl Tagl
ATC .l acc| I TCG | - ||GGA| . ||TAG| X' | |GAC| X' | |TTA| X' | |ATC| ¥
a6 || 1ee 9| | ace O] cor PO | atc CTG AAT TAG

Fig5: Hybridized fig of the first constraint equation.

Step 5: Steps 3 and 4 is repeated for second constraint equation, by adding the
complementary strands x", y" corresponding to variable x, y. Any solution
satisfying this inequality is hybridized with at least 1 complementary strand
tagged with a fluorescent material (the feasible solution of the problem is “7, 6,
5,4, 3,27, see fig6).

Tag? Tagé Tags Tagd Tag3 Tag2 Tagl Tagh
ATC| z Acc| 7 | |Teel z ‘ GGA| 7 | |TAG]| 2 ‘ cac| z | |TTA| 2z | |aTC| 7
TAG TCG AGC CCT ATC CTG AAT TAG
Tag? Tagé Tags ‘Tagd Tag3 Tag2 Tagl Tagl
ATC| o || AGC| || TCG| ¥' | |GGA| ¥ | | TAGROY"| |GACOY| |TTA| ¥ | |ATC| ¥
Tac| T || Tee P || sce CCT ATC CTG AAT TAG
Tag? Tagé Tags Tagd Tag3 Tag2 Tagl Tag)
arc | llace| || Tce | l|lcea|  ||TAG| x ||cac|x ||TTA| ¥ | |ATC| ¥
146 | %% || Tce [FO¥ || ace [FO|| cor YO atc CTG AAT TAG

Fig 6: Hybridized fig of the second constraint equation.

Steps 7: Step 3 and 4 is repeated for third constraint equation, by adding the
complementary strands y", z" corresponding to variable z, y. Any solution
satisfying this inequality is hybridized with at most 1 complementary strand
tagged with a florescent material (the feasible solution of the problem is “6, 5,
4,2,1,0” see fig 7).
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Tag? Tagé Tags Tagd Tag3 Tag? Tagl Tagd
ATC Ace| ¥ || TG GGA| 7' | |TAG| . . ||GAC ﬂ TTA ATC| ¥
1ac| % lrce| | acc|f%” | ccr atc|™||cte [ | aar 07 lTa6
Tag7 Tagb Ta Tagd Tagd Tag2 Tagl Tagl
ATC YOy AGC YOy" TCG| ¥' | |GGA| ¥ | |TAGFOY" |GAC[FOY" | TTA| ¥' | |ATC| ¥
TAG ICG AGC CCT ATC CIG AAT TAG
Tag? Tagb Tags Tagd Tag3 Tag? Tagl Tagd
ATC| x AGC| x | |TCG| x | |GGA| x | |TAG| ¥' | |GAC ﬂ TTA| ¥ | |ATC| ¥
TAG TCG AGC CCT ATC CIG AAT TAG

Fig 7: Hybridized fig of the third constraint equation.

Result: There are finally two feasible solutions “6,5  in the problem, corresponding
to variable (1,0,1) and (0,1,1.) By comparing to the value of object function
corresponding to every feasible solution, we can obtain optimum solution (1, 0, 1)
and minimum value of object function is 3.

Discussion: Electronic computer obviously has limits in storage, intelligence and
miniaturization. Recently concerns regarding the methods of DNA computation have
arisen, especially for its parallelism. In this article we proposed a DNA computing
model in detail to solve a simple 0-1 programming problem. The advantage of this
model is when the size of the equation increases the number of DNA strands is also
increased., in contrast to surface-base model where there is some limitation about
space and the strands are restricted to two dimensions of a surface rather than three
(Yin et al., 2007). But this model has no such type of restrictions for solving 0-1
programming problem.

In this method the use of fluorescent material for reading the feasible solution is
advantageous since it involves low cost, low error, and simple experimental steps.

Conclusions: This model encompasses the major benefits of solution-based
methods; including vast parallelism, extraordinary information density and ease of
operation. The other significant advantages of our method are low error, short
operating time, less manual labor, reusable model with simple experimental steps.
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