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ABSTRACT

Eledronic computers are only the latest in along chain of human efforts to use the best
tedindogy avail able for performing computations. Ever since scientists discovered that
conventional siliconbased computers have an upger limit in terms of speel, even
eledronic computers have their limitations: there is a limit to the anount of data they
can store, and physicd laws dictate the speed thresholds that will soon be reached.
They have been searching for alternate media with which to solve mmputational
problems. That search has led us, One of the most recent attempts to bre&k down these
barriers is to replace once more, the tods for performing computations with biologicd

onesinsteal of electrical one enter DNA computing

DNA computing was grounced in redity at the end o 1994, when Len Adleman of
USC annourcted that he had solved a small instance of a computationally intradable
problem using a small vial of DNA. By representing information as sequences of bases
in DNA moleailes, Adleman showed howv to use eisting DNA-manipulation
tedhniques to implement a simple, massvely paralel randam seach DNA computing
solve hard computational problem. After adleman experiment, DNA computing apply

on so many hard computational problem.

Matching of digital signas is a fundamental problem that arises in many signa
processng application. Signals matching problem is also considered as NP-complete
problem. This work report apply new approach DNA computing on the matching of
guery signal into the stored signal. This work report proposes a method for signal
matching. It include biologicd notation and proposes algorithm. | developed the
software for simulating the propcsed method. This report also dscussexisting classcd
approach A Quick Search Method for Audio and Video Signals Based on Histogram
Pruning. Calculate CPU time of propased method.
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Chapter 1
Introduction

Eledronic computers are only the latest in along chain of human efforts to use the best
techndogy available for performing computations. While it is true that their
appeaance, some 50 years ago, has revolutionized computing, eledronic computers
mark neither the beginning nor the end d the history of computation.O

Ever since scientists discovered that conventional silicon-based computers have an
upper limit in terms of speel, even eledronic computers have their limitations: there is
a limit to the amourt of data they can store, and physicd laws dictate the spedd
thresholds that will soon ke reached. They have been searching for alternate media with
which to solve mmputational problems. That seach has led us, One of the most recent
attempts to break down these barriers is to replace, once more, the toadls for performing

computations with biologicd onesinstead of eledricd one enter DNA computing

DNA computing was grounced in redity at the end o 1994, when Len Adleman o
USC annourcted that he had solved a small instance of a computationally intradable
problem using a small vial of DNA. By representing information as squences of bases
in DNA moleailes, Adleman showed hownv to use eisting DNA manipulation
tedhniques to implement a simple, massvely paralel randam seach DNA computing
solve hard computational problem. After adleman experiment, DNA computing apply
on so many hard computational problem.

Using the four bases of DNA (adenine, thymine, cytosine, and guanine), Adleman
encoded a dassc “hard” problem known as the Travelling Salesman Problem into
strands of DNA and uilized biologicd properties of DNA to find the answer. My thesis
report comprises 5 chapter. Introduction signa matching and DNA computing
Approach discussed in chapter number 1. Chapter 2 deal with the DNA fundamentals
for providing sufficient knowledge in DNA computing operation and application.
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Chapter 3 provide the knowledge of signal processing basics, definition of analog and
digital signal. Andin this chapter existing approach for signal matching.

Signal matching is basic problem of signal processng. Propased method for signal
processng, algorithm, result comprises in chapter 4. DNA computing simulator for
propaosed methodincluded in chapter 5.
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Chapter 2
DNA Fundamentals

2.1 Beginning of DNA computing

The pradical posshility of using moleaules of DNA as a medium for computation was
first demonstrated by Adleman in 1994[1]. Adleman’s primary intention was to prove
the feasibility of bio moleaular computation bu his work also gave an indication that
the emergence of this new computational paradigm could provide an advantage over
conventional eledronic computing techniques. Spedficdly, DNA was gown to have
massvely paralel processng capabiliti es that might allow a DNA based computer to
solve hard computational problemsin areasonable amourt of time.

After Adleman succesdully solved adireded Hamiltonian path problem using the todls
of bimoleaular engineering, others followed, applying similar algorithms to ather hard
computation poblems, as well as devising more efficient computational schemes. A
number of theoreticd models for creaing a universal DNA computer have been
developed, and mathematica proofs have shown that some models of DNA computing
are d least equivaent to a dasscd Turing madhine.

A limited amount of work has been dreded at red-life gplications and the pradicd
feasibility of DNA computers.

2.2 Concept of DNA computing and DNA computer

The usefulnessof developing techniques of DNA computing and ultimately developing
working DNA computers can be described as falling into ore of the following two
general categoried3]:

1. Applicaions making use of "classc" DNA computing schemes where the use of
massve paralelism hods an advantage over traditional computing schemes,
including potential padynomial time solutions to hard computational problems.

2. Applicaions making wse of the "natural” cgpabiliti es of DNA, including those
that make use of informational storage ailiti es and those that interad with
existing and emerging biotechndogy.

12



Classcd models of DNA computers derive their potential advantage

e Perform millions of operations smultaneoudly.
» Generate acomplete set of potentia solutions.
e Condut large parall el searches.

» Efficiently hande massve anourts of working memory.

2.3 Advantage of DNA computer over Conventional computer

To Adleman, the foll owing advantages of DNA computing became evident

Speead: Conventional computers can perform approximately 100 MIPS  (milli ons of
instruction per seand).Combining DNA strands as demonstrated by Adleman, made
computations equivalent to 10°or better, arguably over 100times faster than the fastest
computer. The inherent parall elism of DNA computing was gaggering.

Minimal Storage Requirements. DNA stores memory at a density of about 1 bt per

cubic nanometer where mnventional storage media requires 10" cubic nanometers to
store 1 hit.

Minimal Power Requirements: Thereisno paver required for DNA computing while
the computation is taking place The demicd bonds that are the building blocks of
DNA happen withou any outside power source. There is no comparison to the power

requirements of conventional computers.

2.4 DNA Basics

2.4.1 What isDNA

DNA is a paymer. The monamer units of DNA are nucleotides, and the paymer is
known as a "poynucleotide" Each nuwleotide nsists of a 5-carbon sugar
(deoxyribose), a nitrogen containing base dtaded to the sugar, and a phosphate group.
There ae four different types of nucleotides found in DNA, differing orly in the
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nitrogenous base. The four nucleotides are given ore letter abbreviations as dorthand
for the four bases.

* Aisfor adenine

* Gisfor guanine

e Cisfor cytosine

e Tisfor thymine

2.4.2 DNA Structure

This (DNA) structure has two helical chains each coiled round the same ais. Both
chains follow right handed helices...the two chainsrunin oppdaite diredions. The bases
areontheinside of the helix and the phosphates on the outside.

The nowvel fedure of the structure is the manner in which the two chains are held
together by the purine and pyrimidine bases. The (bases) are joined together in pairs, a
single base from one dain being hydrogen-bonded to a single base from the other
chain, so that the two lie side by side. One of the pair must be apurine and the other a
pyrimidine for bondng to occur .Only spedfic pairs of bases can bondtogether. These
pairs are: adenine (purine) with thymine (pyrimidine), and guanine (purine) with

cytosine (pyrimidine).

In ather words, if an adenine forms one member of apair, oneither chain, then onthese
asumptions the other member must be thymine; similarly for guanine and cytosine.
The sequence of bases on a single dhain dces not appear to be restricted in any way.
However, if only spedfic pairs of bases can be formed, it foll ows that if the sequence of
bases on ore dhain is given, then the sequence on the other chain is automaticdly
determined.

The bases A and T, and C and G, can hind together, forming base pairs. Therefore
every DNA sequence has a natural complement. For example if sequence S is
ATTACGTCG, itscomplement, S, isTAATGCAGC. Both Sand S will come together
(or hybridize) to form doulde stranded DNA. This complementarily makes DNA a
unique data structure for computation and can be exploited in many ways.
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2.5 DNA operation

DNA computation apply a spedfic sequence of biologicd operation to a set of strands.

These operations are ammmonly used by moleaular biologists.

25.1 Synthesis

A strand d DNA of specific length and sequence can be synthesized in laboratory. This
is posgble for strands up to a cetain length. Longer 'randam’ strands are available.
They consist of DNA sequences that have been cloned from many diff erent organisms.
A solution, with four-nucleotide bases in it, is supplied to the synthesizer. These bases
are combined according to a sequence entered by the user. The instrument makes
milli ons of copies of the required digonucleotides and daces them in solution.

2.5.2 Denaturing, Annealing, Ligation

If we heat up atube of DNA dislved in water, the energy of the hea can pull the two
strands of DNA apart This processis caled denaturation when we have denatured the
DNA, we have heated it to separate the strands.

Single stranded complementary DNA will sportaneously form a doulde strand d DNA
when suspended in solution. But both the strands shoud run in oppasite diredions.
This change occurs through the hydrogen bond between the complementary base pairs.

Codling of single strand solution below 850_950C makes drands fuse again.

The process of splicing two pieces of DNA together. In practice a pod of DNA
fragments are treaed with ligase ,and al possble splicing products are produced,
including circularized forms and end-to-end ligation d 2, 3 or more pieces. Usually,
only some of these products are useful, and the investigator must have some way of
seleding the desirable ones.
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2.5.3 Hybridization separation

An operation wsed in DNA computation is Separation by hybridization. It involves the
extradion d any single strands containing a specific short sequence from a test tube
(e.g., extrad al strands containing the sequence TAGACT). If we want to extrad single
strands containing the sequence X, first many copies of its complement are creaed.
These oligonucleotides are dtaded to a biotin moleaule, which binds in turn to afixed
matrix. When the cntents of the test tube ae poued ower this matrix, strands that
contain the sequence X will anned to the complementary strands. Washing the matrix
removes al strands that do nd anned, leasing only strands containing X. These may

then be removed from the matrix.

2.5.4 Replication

When we have denatured the two strands, there's something else we can do replicate the
DNA. The key hereis that any single-stranded piece of DNA can only hybridize with
ancther if their sequences are complementary. If we have just one strand, we can
acdually build ancother strand to match it.

Here'show it'sdore, either in atest tube or in alive cdl:

» The DNA strands are separated (for example, by heaing them in atest tube).

» For eadt strand, we provide aprimer, which is a short piece of DNA that sticks to
one end d the strand.

* Anenzymeis added. Thisis a spedfic type of protein caled a"DNA poymerase"
that can "read" the bases on ore strand and can attach the complementary base to
the growing strand.

e The pdymerase "waks' down the template strand and creates its exad complement
asit goes.

e The same thing happens to the other original strand.

2.5.5 Gel-Electrophoresis

The other method d separation is to separate the DNA strand by their size instead of
their content. Gel electropharesis is a key technique for sorting DNA strands by size.

16



Eledrophaesis is the movement of charged moleaules in an electric field. Since DNA
moleaules carry negative charge, when placed in an electricd field they tend to migrate
towards the pasitive pae. The rate of migration d a moleale depends onits sape and
eledrical charge. If electrophaesisis caried out in a gel (usually made of agarose,
polyacrylamide or a cmbination d the two) the migration rate of a moleaule is also
affected by its sze. This is due to the fact that the gel is a dense network of pores
through which the molecules must travel. Smaller moleaules therefore migrate faster
through the gel, thus sorting them according to size. The DNA was placed in awell cut
out of the gel, and a charge gplied. Once the gel has been run, it is necessry to

visuali ze the results.

Wells for samples

Agarose gel

UV transparent plastic support

Soak in 0.5 pgml™
ethidium bromide solution
l for 15 min

Bands of DNA
fluoresce

—

) )
UV UV LY

Fig 1.Gel-elctrophorises
2.5.6 Primer extension and Polymer chain Reaction

Polymerase Chain Readion (PCR) is the basis for a number of extremely important
methods in moleaular biology. It can be used to deted and measure vanishingly small

amouns of DNA andto crede aistomized pieces of DNA.
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PCR is a process based ona spedalized pdymerase enzyme, which can synthesize a
complementary strand to a given DNA strand in a mixture @ntaining the 4 DNA bases
and 2DNA fragments (primers, each abou 20 bases long) flanking the target sequence.

The mixture is heaed to separate the strands of doublestranded DNA containing the

target sequence and then coded to alow

DMNA Amplification Using PCR

Raaction miiure contalre larget TARGET DMA

DA sequence (o ba ampliied,

t&c primars (P1, P2), ard a
heal-stable T2q polmerasse M ﬁ?fr

F1 W Tag Pz
Reaction mizlre |5 heated

LB BTt TTTTTTT I IT T,

A, Subssquent coo
0 37°C Al |:-nrmers|2EI Sl & 'EEE
hybiidize: ko complamentary

EEqUENCas In anget DA
Whan healed o 72°C, Taq polymerase extands complementany
sirands fim primers

L B -
Firsl synithesls cycla resulis
bwo coples of
m ] lerget DA saguenca .

guuruuunnn DENATURE  SEFETrrr T T
‘.I' K | OIM& .m
M HYBRIDIZE m.
FRIMERS

FIRST CYCLE

w W ST

2acond synihasis 2]
IO, Resieetveeesss  ITIOCALIT

targat DHA sequence

SECOMD C¥ CLE

Fig 2Polymer chain Reaction

(1) The primers to find and bind to their complementary sequences on the separated

strands and

(2) The pdymerase to extend the primers into new complementary strands. Repeded
heaing and codling cycles multiply the target DNA exporentially,
since eab new doule strand separates to become two templates for further
synthesis. In abou 1 haur, 20PCR cycles can amplify the target by amillionfold.
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2.5.7 Extraction

Given a test tube T; and a strand S it is possible to extrad all the strands in T,

containing S as a subsequence and to separate them from those that don't contain it.

2.5.8 Union

Given two or more test tubes, say Ty; To;: @ ; Ty, it ispossible to put in anew test tube
theunion d all the strands contained in T1; To; ;@ :; Th.

2.5.9 Detedion

Confirm presence/ absence of DNA in a given test tube.
2.6 DNA Application

2.6.1 Hamiltonian path problem (HPP)

Given N paints, find a path visiting ead and every point only once, and starting and
ending at given locaions.

NP problems are intradable with conventional computers, bu can be solved using
massvely parallel computers. A DNA computer is a type of non-deterministic
computer.

The Hamiltonian Path problem was chasen becaise it is known as NP-complete] 3].
Direded gaph with two nods gedfied as the source and the destination, the
Hamiltonian path is one that starts at the source node and ends at the destination node
such that each nock in the graph appears once and ony once in the path. The
Hamiltonian peth problem is to determine whether there is a Hamiltonian path for a
direded graph. Adleman has given solution to this problem using DNA computing in
1994with seven nodesin the graph.

Consider direaed graph of the Hamiltonian path problem. Directed graph map with

four cities.
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Delhi

A

Kharaopur «—

Kanpur
Fig 3: Root of City

Diredly path between it is Mumbai to Delhi but not viceversa.

The problem is determine apath exists between at the start city (Kanpu), finish at the

end city (Delhi) and traverse through each of the dties exadly once.

In DNA computation, Adleman thought of as each city is assgned a DNA sequence
(ATCGTCGA for Kanpur) that can be thought of as afirst name (ATCG) followed by a
last name (TCGA) of the city.

City Name DNA Strand of City Name | Complemented DNA Strand
Kanpur ATCGTCGA TAGCAGCT
Mumbai GTACACTA CATGTGAT

Delhi TCAGACGA AGTCTGCT

Kharagpur CGATCGAT GCTAGCTA

Table 1:Encoding of City

Route Route no.

Kanpur-Mumbai TCGAGTAC
Kanpur-Delhi TCGATCAG
Mumbai-Delhi ACTATCAG
Kharagpur-Delhi CGATTCAG
Mumbai-Kharagpur |ACTACGAT
Mumbai-Kanpur ACTAATCG

Table 2: Encoding Root

20
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Eadch strand of DNA has its Watson-Crick compliment. Thus eat city has its
complimentary DNA name. Kanpu complimentary name becomes for instance
TAGCAGCT. After working out these encoding, names and the DNA strand of roct
number synthesized. The following algorithm will give the Hamiltonian peth for a
given graph, if it existsin the graph. Given adirected graph with n \ertices,
Algorithm:
Stepl: Generate aset of randam paths through the graph.
Step2: For each path in the set:
a. Chedk whether that path starts at the start vertex and ends with the end vertex.
If not remove the path from the set.
b. Chedk whether that path passes through exadly n vertices. If not, remove that
path from the set.
c. For ead vertex, check whether that path passes through that vertex. If nat,
remove that path from the set.
Step3: If the set is norempty, then report that there is a Hamiltonian peth. If the set is
empty, report that there is no Hamiltonian path.

Expiation d agorithm:

Step 1 Generate alarge number of paths through the graph

The Kanpu to Mumbai roat number (TCGAGTAC) and the complimentary name of
Mumbai (CATGTGAT) might med by chance. By design, the first sequence axds with
GTAC and the seoond sequence starts with CATG. As these sequences are
complimentary to each other, they will stick/anned together. If the resulting sequence
for Mumbai-to- Kharagpur roat number (ACTACGAT), it too, will join with the
resulting sequence because the first sequence (TGAT) is complimentary to the
beginning of the seand (ACTA). In this way the resulting sequence will grow in
length, with DNA roaot numbers together by complimentary DNA city names. The
addition d ligase in the mixture will then permanently concatenate the chains of DNA
root numbers. Hence the test tube ntains molecules that encode randam paths through
the diff erent citi es. Because he began with such alarge number of DNA moleaules and
the problem contains just a handful of cities, there was a virtual certainty that at least
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one of the moleaules formed would encode the Hamiltonian peth. It was amazing to
think that the solution to a mathematicd problem could be stored in a single strand. For
the @dowve graph, the following are some of the paths that are generated after stepl.
Kanpua! Delhi
50TAGCAGCTCATGTGATAGTCTGCT30
30TCGAGTACACTATCAGAS0
Kanpua Mumbaial Delhi
50TAGCAGCTCATGTGATGCTAGCTAAGTCTGCT30
30TCGAGTACACTACGATCGATTCAGS50
Mumbaial Kharagpur
50CATGTGATGCTAGCTA30
30ACTACGATS0
Kanpua Mumbaial Kharagpur
50TAGCAGCTCATGTGATGCTAGCTA30
30TCGAGTACACTACGATS50
Kharagpura! Delhi
50GCTAGCTAAGTCTGCT30
30CGATTCAG50
Kanpua Mumbaial Kanpural Mumbaial Delhi
50TAGCAGCTCATGTGATTAGCAGCTCATGTGATAGTCTGCT30
3TCGAGTACACTAATCGTCGAGTACACTATCAGS0
Kanpua Mumbaial Kharagpural Delhi
5TAGCAGCTCATGTGATGCTAGCTAAGTCTGCT50
30TCGAGTACACTACGATCGATTCAGS0
Step2: Amplification d paths by PCR:
This important technique requires many copies of two short pieces of DNA as primers
to signa the DNA poymerase to start its Watson-Crick replicaion. The primers used
were the last name of the start city (TCGA) and the Watson-Crick compliment of the
first name of the end city (AGTC). These two primers worked in correct: The first
altered DNA polymerase to copy complements of sequences that had the right start city,
and the second initiated the dugicaion o moleaules that encoded the crred end city.
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PCR proceals through thermo cycling, repeatedly raising and lowering the temperature
of the mixture in the test tube.
After performing PCR the result was that moleaules with bah the right start city and
end cities were reproduced at an exporential rate. In contrast, molecules that encoded
the right start city but an incorred end city, or vise-versa, were dugicaed in a much
slower. DNA sequences that had neither the right start nor end were not dugicaed at
al. Thus by taking a small amourt of the mixture dter the PCR was completed, he
obtained a solution containing many copies of the moleaules that had bah the right
start and end cities, bu few if any moleaules that did nd med this criterion. After
performing PCR, the following are the paths that begin at Kanpur end at Delhi.
Kanpua! Delhi
50TAGCAGCTCATGTGATAGTCTGCT30
30TCGAGTACACTATCAGAS0
Kanpua Mumbaia Delhi
50TAGCAGCTCATGTGATGCTAGCTAAGTCTGCT30
30TCGAGTACACTACGATCGATTCAGS0
Kanpua Mumbaial Kanpural Mumbaial Delhi
50TAGCAGCTCATGTGATTAGCAGCTCATGTGATAGTCTGCT30
3TCGAGTACACTAATCGTCGAGTACACTATCAGH0
Kanpua Mumbaial Kharagpural Delhi
5TAGCAGCTCATGTGATGCTAGCTAAGTCTGCTS50
30TCGAGTACACTACGATCGATTCAGS0

Step3: Gel-Eledrophaesis
Next, he used gel eledrophaesis to identify those moleaules that had the right length
All other moleaules were discarded. For the &ove graph, after the completion o gel-
eledrophaesis the following path would be identified as length 24.
Kanpua Mumbaial Kharagpural Delhi
TCGAGTACACTACGATCGATTCAG
Step4: Watson-Crick affinity-Separation:
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To chedk the remaining sequences obtained in step3, for whether their paths passd
through all the intermediary cities, he took advantage of Watson-Crick anneding in a
procedure cdl ed affinity separation. This processuses multiple apies of a DNA probe
moleaules that encode the cmmplimentary name of a particular city.
These probes are dtached to the microscopic iron kell s, ead approximately one micron
in dameter.
After performing affinity separation he suspended the balls in the tube @ntaining the
remaining moleaules under condtions that encouraged Watson-Crick pairing. Only
those moleaules that contain the desired city’s name (for example Mumbai) would
anned to the probes.
Then he placed a magnet against the wall of the test tube to attrad and hold the metal
ball s to the side while he poured ou the liquid phese mntaining moleaules that did na
have the desired city’s name. Raising the temperature of the mixture caised the
moleaulesto bregk freefrom the probes and re-dislve in the liquid. Next, he reapplied
the magnet to attach the ball s again to the side of the test tube, but this time withou any
moleaules attached. The liquid which now contained the desired DNA strands (in our
example, encoding paths that went through Mumbai), could then be poured into a new
tube for further screening. This processwas repeated for the remaining intermediately
cities (Kharagpur) in this case. This iterative procedure, which took an entire day to
complete in the lab, was the most tedious part of the experiment. Probe moleaules are
used to locate DNA strands encoding paths that pass through the intermediate aties
(Mumbai and Kharagpur). Probe moleaules containing the complimentary DNA name
of Mumbai (CATGTGAT) are atached to an iron ball suspended in liquid. Because of
Watson-Crock affinity, the probes capture DNA strands that contains Mumbai’s name
(GTACACTA). Strands missng Mumbai’s name are then discarded. The processis
repeaed with probe moleaules encoding the cmplimentary DNA name of Kharagpur.
When all the mmputational steps are completed, the DNA strands left will be those that
encode the solution After completion step4, the foll owing sequence would remain in
the test tube & that pass through each o the dties once and orly once which is thus a
Hamiltonian path.

Kanpua Mumbaial Kharagpural Delhi
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TCGAGTACACTACGATCGATTCAG

At the onclusion d the dfinity separation, he knew that the DNA moleaules left in the
tube shoud be precisely those encoding the Hamiltonian paths. Hence if the tube
contained any DNA at al, he @wuld conclude that a Hamiltonian path existed in the
graph. No DNA would indicae that no such path existed. Fortunately to make this
determination he ould use an additiond PCR step, followed by another gel-
eledrophaesis operation. To his delight, the final analysis reveded that the moleaules
that remained did indeed encode the desired Hamiltonian path. After seven days in the
lab, the first DNA computation was complete.

2.7  Error in DNA Computation

Depending on the @ndtions under which the DNA readions occur, two
oligonucleotides can hybridize withou exad matching between their base pairs. The
mechanism of failures in matching beses depends on readion condtions, the most
important one being the temperature. Both Adleman and Lipton used random encoding
under the basic asumption that randam encoding method was adequate for their
purposes.

Errors occursin dfferent stages of DNA operation

2.7.1 Extraction

Two Types of error occurs in extradion:

2.7.2 False Positive Errors

Fal se Positi ve Errors occur when “bad” strands are extraded

2.7.3 False Negative Err ors

False Negative Errors occur when “good’ strands are not properly extraded

2.7.4 Encoding
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A good encoding must satisfy al of these amndtions at oncein order to be useful for
bath hybridization reactions and data storage. These @ndtions are somewhat difficult
to satisfy. And consequently it is difficult to compute valid code words.

2.7.5 Hybridization

Hybridization is the adion d one oligonucleotide annealing to its complement. For
example the 5'-> 3' sequence ATAGC will tend to anned to its complement GCTAT.
DNA hybridization is not very reliable. Just as exad complements will tend to

hybridize, close matches can hybridize & well.

2.7.6 Bubde match

We have asituation d bubde match when two strands of different length match for the
external parts of the strands itself: the longest strand tend to link to the other only for

the "tail " creaing abubblein the central part:

Fig 4 Bubble Match

Creding a simple database of subsequences it is possble to reduce spurious matching

within strands' hybridization. Since a complete seach may be quite complex and the
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result not very significant, to improve tods performance it is better to reduce the

seach spacefor fixed length of sub chains.

2.7.7 SlideMatch

Thisisthe normal situation d two single strand matching. Problems arise when strands

match for a randam number of bases. We could prevent this particular situation

designing encoding scheme for the oligonucleotides.

Slide Match

Fig. 5: SlideMatch

2.7.8 Undesired Annealing

Most of the caises of errors in biologicd computations not only in the extradion

operation are related to the possbility of undesired anneding: a strand V could anneal

with ore that issimilar to V, bu it is nat the right one. In this case, we talk abou partial
matches. Anather kind d undesired matching could happen between two "shifted"
strands. for example, a strand X could pertially anned with astrand Y. Finaly, a strand

could anned with itself, losing itslinea structure.
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Chapter 3
DSPBasic

Signal is a stream of energy that carries information [12]. Certain physical feaures of
the energy stream will be afunction d time (e.g., radio, TV, speed). Signal processng
isto enhance rewver, or extrad the information carried by signals.

Signals can be represented in either analog or digital form. Analog signals are
continuows and can be illustrated as a aurve which indicates the anplitude of asignal as
a function d a @ntinuous, independent variable such as time. Some analog signals
repea with a cetain frequency, measured in hertz, and eat repeated cycle has a
duration, knawn asits period [12].

When we sample analog signals such as gpeed, they must first transform the analog
signals into a series of correspondng numbers which accurately represent the shape of
the anaog waveform. The sampling process quantizes the mntinuows analog signal
valuesinto alimited set of discrete binary numbers, each of which comprisesastring of
binary digits, or bits. Once an analog signal is converted into the digital domain,
computers can analyze the frequency spedra and ather charaderistics of a signal by

using awide variety of digital signal processng algorithms[12].

Digital signals are often oltained as an approximation d analog signals. It is the signal
that can be processed by computers. In fad, the use of digital signals is largely

promoted or demanded by the revolution d computer tedindogy.
In dgital signal processng, the physical meaning o the independent variable

n=...—-2,-1012... is typicdly ignored. It is treaded as a discrete sequence of

numbers.
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3.1 Digitization of Signal

Conwverting an analog signal into its digital form is usually the very first step in signal
processng. The primary question is how fast the analog signal need to be sampled so
that the informationin the signal iswell preserved.

Most signals can be considered as band limited, i.e., the energy for frequency
comporents higher than a particular frequency is amost zero. This frequency iscdled a

cutoff frequency. To preserve the information d a signal with cutoff frequency f..

The sampling frequency shoud be f_=2f_.f_ iscdled the Nyquist frequency.

The sampling frequency is © spedfied because the spedrum of the digital signa is a
periodic repetition d the origina spedrum with the period equal to the sampling
frequency.

Sampling at a frequency lower than the Nyquist frequency will distort the signal and,
thus, loose cetain information. Information lost due to inappropriate sampling is
referred to as aliasing. Sampling at a frequency much higher than the Nyquist
frequency, however, will be awaste of resources such as disk space.

In common practice, the sampling frequency is chasen a little bit higher than the

Nyquist frequency. A lowpassfilter is used to guarantee that aliasing will nat occur.

3.2 Quantization of Signal

Quantization is a process of using a set of discrete numbers to approximate the
amplitudes of a signal. Apparently, the more the avallable levels the better the
approximation.

The number of available levels is gedfied using bit as a unit. For example, an 16 ht
quantizer has 2'° = 65536 |evels.
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The final number range in the computer depends on the design o the A/D conwverter.
For example, it could be from 0 to 65536 o from -32767to 32768for a 16-bit A/D

converter. A baseline shift may be necessary.

The inacairacy due to quantization is referred to as quantization nase. A rule of thumb
is that the signal to nase ratio will i ncrease 6 dB for every hit increase of quantization

level.

3.3 Timeand frequency of a digital signals

It is often necessary to know the physicd meaning of a discrete sequence (e.g., thetime
locaion d sample 5; the origina frequency of a digital sinusoid signal). These
information can be computed given the sampli ng frequency.

Thetimefor samplenist, = n x Tswhere T= Ufsisthetimeinterval between any two

samples.

3.4 Signal Processing Applications

1) Speech signals can be synthesized from discrete-time models of the human vocd
trad using digital signal processng. The speech synthesizer is a time-varying digita
filter which models the resporse of the aticulators (mouth, throat, etc.) to excitation
from the vocd cords and air turbulence This results in quality voice synthesis for
computers, and data reduction for the digital voice @mmunicaions used in talking
consumer products. Analysis of speed production can also be performed by examining
the speech signal's gpedrum and its related properties. These tedhniques can be used to
determine the spedral properties of speed (such as the voiced sounds In vowels or the
unvaced sounds in fricatives) and the distance between pitch pusesin vaced soundk.
Sounds can adso be anadyzed by examining their spedra. Once obtained, this
information can be useful in the development of an automatic speed recmgnition a

compresgon system.
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2) Signal processng is central to many defense-related systems, and days a major role
in automatic control, navigation, and target tradking. Radar and sonar systems rely

heavily onthe gplicaion of signal processng techndogy.

3) In neurophysiology, signal processng tedniques are used to mathematicdly
characterize signals obtained by eledroencephalograph from the scdp o a subed.
Frequency spedrum analysis is used to reveal the posshle presence of energy
prominence d certain frequencies, which are important to physicians for diagnaostic

PUrPOSES.

4) Two-dimensional or image processng is used to analyze visual data such as x-rays,
agia phaographs, and satellit e transmissons from space With the alvent of high-
definition television, rew image processng algorithms are being devel oped to enhance
picture quality, while new tedhniques are being investigated to improve the quality of
existing transmisgons. The potential of high-definition television couged with image
processng techndogy has opened the way for the dl-digital television sets of the

future.

Audio and video data from radio, television, databases, or on the Internet has been a
source of recent research interest. Among the many studies that have targeted audio o
video information search, most have deat with so-cdled content-based retrieval by
means of indexing and classfying audio o video information. For example, in image
or video retrieval tasks. Similarly, in audio retrieval tasks, most works have been based
on high level information such as audio content classficaion, recognized speedes, or

transcribed musical pieces.

3.5 ExistenceApproach for Signal Matching

Matching of digital signas is a fundamenta problem that arises in many signal
processng applicaions. It can be used as a search o clasdfication medhanism by
guantifying the similarity between signals. seach medanism is esential for database
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retrieval, and signa clasgficaion is a key system comporent in data mining
applicaions.

3.5.1 A Quick Search Method for Audio and Video Signals Based on
Histogram Pruning:

Quick method d similarity based signal seaching to deted and locae aspedfic audio
or video signal given asaquery in astored long audio or video signal.
This methodis referred to as time-series adive search, dfers sgnificantly faster search

with sufficient accuracy.

Signal matching problem solve using different-different techniques such as content
based retrieval, smil arity based searching. In Both method methods

Have some disadvantage such as lessaccuracy and speed of matching.

New tedhnique A Quick Seach [7] Method for Audio and Video Signals Based on
Histogram Pruning algorithm istime series adive seach agorithm.

Step 1. Firstly, the fedure vedors are cculated from both the query signal and stored
signal. The windows are then applied to bah the query-signal and stored-signal feaure

vedors.

Step 2: The feature vedors over the windows are classfied into a certain number of
types, and the number of occurrences of each fedure typeis cournted to create the

histogram. The window length is the same & the query signal duration.

Step 3 : Similarity between the query-signal histogram and stored-signal histogram is
cdculated. When the simil arity exceedls a threshold value dhosen in advance, the query
signal is considered to be deteded and locaed in the stored signal.
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Step 4; Thewindow onthe stored signal is sifted forward in time and the seach
proceeals. We cdl this algorithm “time-series active seach.”.
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Chapter 4
A Proposed Methodfor Signal Processng

Matching of digital signas is a fundamental problem that arises in many signal
processng applicaiong4]. It can be used as a seach or clasgfication medhanism by
guantifying the similarity between signals. seach medianism is esential for database
retrieval, and signa clasdficaion is a key system comporent in data mining
applicaions. Furthermore, a number of important problems in signal and image
processng, like motion and dsparity estimation, are matching type problems. One of
the key charaderistics of the digital signa matching problem is the fad that the
matches are typically impredse, due to the nature of the problem or the presence of
noise in the data, which is almost always inevitable. Thus, to solve the matching

problem it is necessary to quantify the simil arity between signals.

Another key charaderistic of the digital signa matching problem is the enormous
amount of computation that is typicaly required to find the optimal solution. It is thus
of critical importance to find efficient implementations that can provide optimal or nea
optimal solutions. An additional requirement is the scdabili ty of the solution.

Signal matching efficiency[7] can be measure two broad parameters.
1. Seach speed
2. Seach acauracy

4.1 DNA Computing Approach

Digital signal matching problem[4] the matches are typicdly imprease, duwe to the
nature of the problem or the presence of noise in the data, enormous amourt of

Computation, scaabili ty the solution.
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However using DNA techniques to solve digital signal matching problems. This thesis
report presents a DNA based model for this problem, which makes use of a DNA
computing based a gorithm to solve the signals matching problem. The proposed model
includes the various biological natations developed to solve the problem, the problem

formulation framework and the respective dgorithm developed to solve the problem.

Proposed method kased onthe Adleman model for solving travelli ng salesman problem
of graph. And wse the ligation and anneding power of DNA computing. Non-specific
hybridization is generdly not desirable DNA computing. But non-spedfic
hybridization can be very useful (and is actually necessary) in signal processng

applicaions, where an exad match istypicaly not possble

DNA annealing particularly suited for the matching problem is the fact that it depends
only on the @ncentration d elements and is independent of the total number of
elements. Thisis avery important diff erence with traditional digital databases, in which
the seach time depends on the size of the database. It is this property of DNA
anneding, combined with its high compadness, which makes DNA an excdlent

information storage medium.

The main ideaof this method, each stored signa represented as a vertex of graph and

guery signal represented as a complementary edge of the graph.

Each vertex represented unique DNA strand in tube and edge dso represent unique
DNA strand in another tube. Then bah tubes have to merge for the aineding
operation. After annealing we get the output of the result in the tube.

4.1.1 Problem Formulation

The Signal matching problem can we expressed taking using two signals. Asauuming the
presence of two signals S1 and S2 of length N and K<N respedively, we want to find
best matches (locations) of the signal S2 in S1.
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Number of important problems in signal image processng like motion, presence of

noise signal processng and dsparity estimation.

4.2 Proposed Method for Signal matching

The signal matching problem can be expressed more naturally in graph theoretic terms.
We have stored analog signal which is converted into digital signal. Each signal of one

time period represented as a vertex of graph. Let V=vl,v2...v be a set of vertices.

Query analog signal which is also converted into digital signal is represented as edge of
vertex. Query signal represented as may be only one alge or many edges depends upon

thesizeof query signal. SOE={{ &1}, {er&} { e1&...en}} b e aset of edges.

Assgn DNA single strand to each vertex and complementary strand for each edge.
Eadch vertex is divide into two equal parts, first part of DNA strand represents the

sample number and second part of strand is represent the strength of signal.

Each edge dso dvide into two equal parts first part of DNA strand represents the
sample number and second part of strand is represent the strength of signal. Coding of
DNA strand for edge is complemented DNA strand.

4.2.1 Algorithm for proposed method

Step 1: Stored signa {x(t)J0<t<T} is converted into a database of signal elements
{x, =x(t=(i-Dt, toit,);1<i < N,Nt, =T}.

Step 2: Each signal element x; iscomprising of (n) number of samples

{X Olgj< n}. One particular sample represents the signal strength at an instant.

Step 3: Each samplein asigna element is represented as a vertex of a graph. Assgn a
DNA strandfor each vertex. The DNA strandis divided into two parts
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1} First part of DNA S, strand represents the sample number.
2} Second @t of DNA S, strand represents drength of the correspondng

sample.

3) TheDNA strand S; =S, + S, isputinto the tube T1.

i

n

O C
4) Thus x, - S;S :ZS'j[
U 1= L

Step 4: Reped step 3for ead signal element.

Step 5: Query signal {x, (t)00<t<t,f comprising of (n) number of samples

{ijls j< n} isgiven.
Step 6: Similar to step 3, the query signa is mapped into strands using complementary
[ - = n_— [
strands for sample number and the signal strength. Thus, (X, — Sq; Sq = Z Sq [ and,
0 1= [l

{gqj = §2q] + él(j+l) Dls J S (n - 2)}& {éq(n—]_) = §2q(n—1) + §1n + éqn}. The StrandS éqj ’S
are put into the tube T2.

Step 7: Combinethetube T1and T2 into T3.
T3<Merge (T1,T2)

Step 8: Apply anneding operation onthe tube T3
Anned (T3).

Step 9: Melt operation for separating single DNA strand.
Mélt (T3).

Step 10: Apply length based operation for finding longest DNA strand from tube T3.
Step 11: Exit
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4.2.2 Explanation

The propased method solve the problem in three steps.

4221 Prepare adigital database

Stored signal {x(t)J0<t<T} is converted into a database of signal eements
{x, =x(t=(i-Dt, toit.);1<i< N,Nt, =T}. The sampling process quantizes the

continuows analog signal valuesinto alimited set of discrete binary numbers.

AN
YVAYEYa

Signal element X,

Fig. 6 Stored Signal

Ead signal element x; is comprising of (n) number of samples {Xles J < n}. One

particular sample represents the signal strength at an instant.

Eadh sample represents vertex of graph. Assgn the DNA strand for each vertex. DNA
strand dvide into two parts, first part of DNA strand S;; represents the sample

number and Second part of DNA S, strand represents drength o the correspondng

sample. All strands put into the tube T1.

After making digital database input Query signa {x, (t)J0<t<t,} comprising of ()

number of samples {Xles j< n} isgiven.
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1234 ...n(Sample)

Fig 7. Signal Element
Eadh sample of query signal assgn as a elge of graph. Encoding for edge we ae taking
complemented DNA strand d second part of first sample and complemented DNA
strand o first part of secondsample. This process dore up to (n - 1) signa. Seaond

half complimented DNA strand d n,, sampleisadded in last. All query signal DNA
strand pu into tube T2.

4.2.2.2 Processing

In this gep after preparing tube T1 and T2, combine these tube into tube T3.

After merge operation all DNA strandin tube T3. Then apply anneal operationfor
matching of signal. After anned operation we can foundsignal is matched or not. Then
melt operation apply, single DNA strand oliained. And apply the length based
operation for separating largest DNA strand from tube T3.

1) Merge operation

Al
L L 1
N S "
N Al
LY 1
Tube T1 Tube T2

Fig 8 Merge operation

2) Anned operation
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Fig 9: Anneal Operation
3) Melt operation

T 40

LU N
LY

Fig 10: Melt Operation

4) Gel-Electrophaesis operation
Extrad the DNA strand d largest number of DNA bases.

4.3 Result

Result obtained of proposed method,from simulated software. Calculate the CPU time
from the DNA computing software with fix data base size and CPU time with fix

number of sample.

Fixed database size: 100

Number CPU time
Of Samples (in sec)
10 13
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Table4: CPU Timewith fix DB

Fixed nunber of sample: 8

Database CPU time
Size (in sec)
10
15
20
25
30
35

AW O|IO|O

Table5: CPU Time of Fixed Number of Sample
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Chapter 5
The DNA Computing Software

5.1 The DNA Computing Software

The use of true DNA computers may not be possible, as there don't exist commercially
at the moment. It seans perfedly reasonable to try to buld software to simulate one.
That was the motivating ideafor this program. The purpose of this program is only to
help designing agorithms for DNA computers. The program uses an ideal model for
the DNA moleaules. The model doesn't take into acourt the posshiliti es of imperfed
operations, error corredion etc. Those ae research questions and reed to be taken care
of separately. Also the biologicd, chemicd and physica fadors affeding the
cdculations are nat covered by this program as they need much more spedalized
knowledge and expertise in the aeas of moleaular biology and kiochemistry.

This program is a C++ dass library that provides the tods to perform DNA
cdculations using conventional eledronic computers. Library functions include
interface functions to perform the computations and internal functions to implement the
operations. The DNA programs are written in C++ using these dasses and wsed in the
linking phase of the compilation to produce the exeautable version d the DNA
program.

5.1.1 Advancement
This ®dion contains various thoughts that have arisen duing the development of this
program.

5.1.1.1 History

DNA computing began with an experiment pulished by Adleman in Sciencein 1994.
In the eperiment, he solved a simplified instance of a famous NP-complete
computational problem cdled the Traveling Saesman Problem, a Direded

Hamiltonian path problem with 7 noaks, which is trivial even for manual computation.
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However, his work motivated many researches because he enployed DNA as the
computation tod. He used DNA strands to encode the problem and hiologicd

operations to simulate the mmputation.

5.1.1.2 Purpose of the program

From the first moment it seamed that there was much theoreticd work done on DNA
computing, bu amost nore on the practicd side, i e. biochemistry. Adleman's
experiment was amost the only actual experiment dore. Thus it was only possble to
use the ided, theoreticd model in the program.

The second dedsion was that the simulator shoud have functions to simulate only such
operations that were possble in pradice Both the time @mplexity and space
complexity are still of a remarkable degree but tolerable to simulate small instances of
the problemsinvolved in DNA computing.

Despite these restrictions, the program was designed to be & moduar as possble to
allow implementation d new models easily. Thus C++ was chosen as the language for

developing simulator.

5.2.2 Simulator Components

5.2.2.1 Tube

Design Concept

Tube was designed having an adual test tube in mind. Operations classtube permits
include operations performed also for ordinary test tubes, eg. Pouring the mntents of a
tube into ancther one. In our restricted model it is only needed to know if there is one
or more given strands in the tube, so every strand appeas only once in the tube. Of

course thismodel hasits limitations but it is sufficient for our needs.

Input/ Output functions

tube()
The Constructor of the dass Construct an empty tube with nostrands present in it.
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Return Vaue: None

Read()
Prints out all the strands in the tube

5.2.2.2 Strand

Design Concept

The *Strand has been designed with adual strands of DNA in mind. Its data structure
fadlit ates the initi ai zation, combination and separation d strands and inspeding them
in various ways. Most of the functions are often needed by the end-user. The cmmplete

strand is consisting of following parts in the program

Inpu/ Output functions

Strand()
Constructor of the dass Constructs an empty strand.

Read()

Rea the dementsin the strand using element indices.

5.2.2.3 Anneal operation

The processin which the two strands conrect to ead ather is called anneding the
strands. Thus the strand can be aty combination d single and doulbe strand elements.

Anned(const int len)
Combines the matching strands in the tube with each ather
Arguments: optional argument len gives the maximum length of resulting strands

2.3.1 Output of Program

enter no d samples... 3

enter db sz... 5
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enter randam smaple (<=db_sz)3
after addition o V...
Strand: 1
1 7
Strand: 2

Strand: 3

Strand: 4

Strand: 5

Strand: 6

Strand: 7

Strand: 8

Strand: 9

3 21
Strand: 10

3 27
Strand: 11

3 33
Strand: 12

5 17
Strand: 13

5 23
Strand: 14

5 29
Strand: 15
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after addition 0 E...
Strand: 1
1 7
Strand: 2
-19 -3
Strand: 3
-21 -5 -23
Strand: 4

Strand: 5

Strand: 6

Strand: 7

Strand: 8

Strand: 9

5 11
Strand: 10

3 15
Strand: 11

3 21
Strand: 12

3 27
Strand: 13

3 33
Strand: 14

5 17
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Strand: 15
5

Strand: 16
5

Strand: 17
5

Anned
after anneding...
Strand: 1

Strand: 2
-19
Strand: 3
-21
Strand: 4
-21
Strand: 5
-19
Strand: 6
-19
Strand: 7
-19
Strand: 8
-19
Strand: 9
-19
Strand: 10
-19
Strand: 11
-19

23

29

35

-5 -23

4 22-5-23

4 22 6 24
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Strand: 12

3 9
Strand: 13

1 13
Strand: 14

1 19
Strand: 15

1 25
Strand: 16

1 20-3
Strand: 17

120 4 9
Strand: 18

1 20 4 15
Strand: 19

1 20 4 21
Strand: 20

1 20 4 22-5-23
Strand: 21

1 20 4 22 6 24
Strand: 22

1 20 4 27
Strand: 23

1 20 4 33
Strand: 24

1 31
Strand: 25

5 11
Strand: 26

3 15
Strand: 27
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3 21
Strand: 28

3 27
Strand: 29

3 22-5-23
Strand: 30

3 22 6 24
Strand: 31

3 33
Strand: 32

5 17
Strand: 33

5 23
Strand: 34

5 29
Strand: 35

5 35

Melt
after melting...

Strand: 1

Strand: 2
1 19 3 9
Strand: 3

Strand: 4

-19 -3
Strand: 5

-21 -5 -23
Strand: 6

-19 -3 -21 -5 -23
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Strand: 7

Strand: 8

Strand: 9
1
Strand: 10
1
Strand: 11
1
Strand: 12
1
Strand: 13
1
Strand: 14
3
Strand: 15
3
Strand: 16
3
Strand: 17
1
Strand: 18
3
Strand: 19
3
Strand: 20
3
Strand: 21
5
Strand: 22

19

13

19

19

19

19

19

33

21

31

15

27

21

23

21

21

15

33

27

23

23

50



5 17
Strand: 23

5 11
Strand: 24

5 35
Strand: 25

5 29
Length

after Abslen.
Strand: 1
1 19 3 21 5 23

after Abslen (indexed res)
Strand: 1

Jai shreeKrishna !l

Conclusion and Future scope
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DNA computing can be accurately described as a colledion d new computing
approadies rather than a single technique. Eadch of these different approaches within
biomoleaular computing can be asciated with different potential applicaions that
may prove to place them at an advantage over conventional methods. The alvances
made in DNA computing will be beneficial to several areas of scientific computing.
Advancementsin DNA computing may also serve to enhance understanding of both the
natural and computer sciences. For these reasons, and die to dependence on various
fields of computer science, mathematics, natural science, and engineering, continued
interdisciplinary collaboration is very important to any future progress in DNA

computing.

The present study focussed on the @plicaion d existing DNA computing
methoddogies to the problem of signal processng. It is demonstrated that the
modification d coding schemes and judicious sledion d various sub-processes of this
new computing paradigm describes for the first time identificaion d a signal by an
artificial noneledronic scheme. This proves the feasibility of DNA-based agorithms
for implementation on eledronic computers as well as the gplicability of the
biochemicd processfor solution d signal processng problems.
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