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Abstract: 
 
 
 
1. Introduction 

Advances in medical genetics have provided a more detailed understanding of the importance of genetics in disease. It may 
enable one to propose customize (personalized) medicine to the individual patient by use of genetic information e.g. cancer 
treatment. Genetic information is carried by an important biological polymer called Deoxyribonucleic acid (DNA) which 
consists of 4 bases called adenine (A), thymine (T), guanine (G) and cytosine (C) as shown in fig 1. Based on these four 
bases more complex DNA structure could be formed such as Z, A, B and C″, where 12, 11, 10 and 9 base pairs form a 
pitch, respectively [1]. Most DNA molecules consist of two polymer elements (double stranded DNA structure (dsDNA)) 
bound noncovalently together in a helical fashion. The two strands can be melted to form two single stranded DNA (ssDNA) 
molecules by high temperature, low salt and high pH. Since 1962 that electrical properties of DNA has been reported, the 
superconducting, conducting, semiconducting or insulating properties have been observed in DNA [2].  
 

 
Figure 1: Four DNA bases: Adenine (A), Thymine (T), Guanine (G) and Cytosine (C) [1]. 

 
DNA sequencing (sensing the bases type and their order in a pitch) is an essential step toward personalized medicine 

for improving human health [3]. For this propose, the development of cost-effective and sequence-selective rapid and highly 
sensitive [4] DNA sequencing methods is highly desirable. There are several methods to sequencing the DNA such as 
chain-termination methods (Sanger method), and single-molecule sequencing methods [5-7]. Sanger sequencing is a 
reliable and highly accurate method for DNA sequencing nowadays which is in working state since 1977. Although it is very 
accurate, it is slow (8 days run to achieve 99.995% accuracy) and costly for reading personal genetic codes. It costs an 
estimated US$ 10–25 million to sequence a single human genome (human genome contain 23 chromosomes where each 
one contains 48 to 250 million bases) and $20000–$50000 to sequence a microbial genome [8]. Recently finding 
alternatives which are accurate, fast and inexpensive has attracted huge scientific interest in the field of so-called fourth-
generation DNA sequencing [9]. One active path is molecular based biosensors which could lead to develop a high 
sensitive, selective and rapid method of DNA sequencing. 

All molecular based biosensors rely on a molecular recognition layer and a signal transducer to report specific 
recognition events which could be based on optical, mechanical, electrochemical or electrical transduction technique. 
Optical biosensors particularly based on fluorescence are extraordinarily sensitive but required sophisticated and expensive 
instrumentation. An alternative readout strategy is to monitor mass changes in the immobilized recognition layer that occur 
upon target binding. Although this strategy is sensitive and can provide real-time monitoring of hybridization events, its 
associated instrumentation is expensive. Alternatively, electrochemical or electrical methods is well suited for DNA 
sequencing because there is no need for expensive signal transduction equipment as it gives a direct electronic signal and 
therefore detection can be accomplished with an inexpensive electrochemical analyser which lead an inexpensive, portable 
and real time monitoring method independence of sample turbidity with manufacturing nanotechnology compatibility [10]. 
Specifically recent development in device miniaturization provides electrical transduction capability in nano and molecular 
scales leading to low cost and low power requirements compared to the conventional methods. In these methods, the 
platform material and signal processing play very important roles. Different class of the materials with variety of topological 
structures may be used as the sensing transducer such as silicon nanowires and carbon based nanomaterials. Here our 
focus is on carbon based nanomaterials due to its excellent properties in sensing applications.  

Graphene, a one-atom-thick planar sheet of sp2 bonded carbon atoms in a honeycomb lattice structure has attracted 
researchers over the world for its extraordinary properties. Graphene has wide electrochemical potential window, low charge 
resistance, and well defined redox peaks which leads to increased sensitivity [11]. It shows superior performance for future 
bio sensing applications [12]. It exhibits good sensitivity towards the detection of glucose [13], pH [14], H2O2 [15], NADH 
[16], Dopamine [17]. Graphene also has been used for sensing of NO2, NH3, DNT, NO, H2O, alcohol, H2S, Pb2+, Cd2+, as 
reviewed in [18]. In addition, H2 [19], 2,4,6-trinitrotoluene (TNT) [20], Paracetamol [21], and Lectins [22] could be sensed by 
Graphene. 



As shown in fig 2 graphene can be formed into different nanostructures. It can be wrapped up into 0D (zero 
dimensional) fullerenes, rolled into 1D nanotubes (CNTs) or stacked to produce few layer (two to ten) or multilayer graphene 
(over 100 layers [11]) called 3D graphite. Ideally, for graphene to preserve its distinct properties, its use should be narrowed 
to a single or few-layer structure. Monolayer graphene could be in 2D form like a sheet. It could be cut as zigzag or armchair 
edge nanoribbon. Two layer graphene could be stacked into two configurations AA or AB [23]. Apart from these 
conventional carbon nanostructures, new graphene structure, called sculpturenes has been recently reported [24] which 
could be form by sculpting selected shapes from bilayer graphene, heterobilayers, or multilayered materials and allowing the 
shapes to spontaneously reconstruct. Figure 2 shows the conventional carbon based materials (a) and the new sp2 bonded 
carbon based materials, sculpturenes (b) [24]. In addition to these, clean configuration could be oxidized or doped with 
some impurities such as oxygen and nitrogen to achieve new electrical, optical and chemical properties [25].  
 

 
Figure 2: Graphene nanostructures (a) Conventional, (b) Sculpturenes [24] 

 
 
2. Carbon based Materials as DNA Sensor 

Graphene which drawn attention for its massless Dirac Fermions has an extraordinary carriers mobility 200 times higher 
than in silicon [26]. The electrical conductivity of graphene is approximately 60 times more than that of single wall CNTs 
which remains stable over a vast range of temperatures [27] and remain linear beyond room temperature [28]. It can carry a 
super-current, ten times higher than the maximum allowable current density of copper with a long mean free path (∼1 μm at 
room temperature) which means graphene charge carriers can travel thousands of inter-atomic distances without scattering 
(ballistic transport phenomena). These properties are highly sensitive to changes in Coulomb potential which could be 
modified by charged inorganic impurities or dielectric environment [29].  

In addition, ultrahigh individual molecule sensitivity, high flexibility, facile chemical functionalization, low electrical noise 
even at room temperature [30] and finally large and renewable surface area (at 2630 m2g-1, 300 times higher than graphite 
and two times that of single-walled CNTs) rather than other sensing platforms make it a very promising alternative for 
current conventional sensor applications such as silicon nanowires [31]. Highly sensitive charge carrier modulation upon 
interaction with various biological species and large surface area are two main advantages of graphene for bio sensing 
application [32]. 

A typical electrochemical DNA sensor involves a solid electrode such as mercury, gold, and carbon electrodes which 
could generate corresponding electrochemical signals based on interactive binding between probe and hybridized or 
covalently tagged DNA element [33]. Carbon based nanomaterials such as carbon nanotube, pristine graphene or graphene 
oxide has been experimentally employed recently as the sensing platform [34]. First graphene based DNA sensor was 
demonstrated by Mohanty, et al. [35] which exhibits high sensitivity and selectivity. Carbon based DNA sensor could be 
implemented based on voltammetric or impedimetric detection as well as field effect modulation based on field-effect 
transistors (FETs) where the change in graphene based platform surface charge upon hybridization of DNA bases is 
detected which opens the way to real-time detection [18]. 

A few theoretical studies have been carried out on the interaction of DNA with carbon based materials. First-principles 
study of physical adsorption of nucleic acid bases on small-diameter CNTs [36] and pristine graphene [37] has been done 
by Gotham et el. They conclude that the interaction strength of bases is smaller for the tube because surface curvature 
reduces the binding energy between the base molecule and the substrate. Classical molecular dynamic simulation using 
LAMMPS software [38] shows that single DNA can bind to CNTs through π stacking [39]. Rajesh et al. studied interaction of 
aromatic amino acids with graphene and single walled CNTs based on DFT implemented by VSAP [40] and found that the 
binding strength of CNTs is weaker than the graphene sheet. Seung et al, reported ultrasensitive and fast DNA sequencing 
method with a graphene-embedded nanochannel device based on first principle DFT-NEGF transport calculations using 
NAMD package. Their device effectively controls the motion of nucleobases via π-π interaction [41]. Molecular dynamics 
simulations has been carried out by Zhao et al. to investigate the self-assembly properties of short and long DNA segments 
on the graphene and CNT arrays [42] as well as C60 [43] surfaces implemented by NAMD package. They found that short 
DNA segments (up to 12 base pairs) on graphene or CNT array surfaces forms stable hybrid structures either rotate from a 
parallel to a perpendicular orientation on the surface to form a forest like structure or attach flat on the surface based on the 
π stacking interaction between the hydrophobic DNA base pairs and graphitic carbon rings in both cases. The self-assembly 
patterns on CNT surface is similar to graphene. However, the hybrid systems formed by DNA and CNT surface is less 

(a) (b) 



intensive than those from DNA and graphene due to the slightly more noisy fluctuations in the π stacking parameters. They 
conclude that the π stacking forces between nucleotides and surfaces with carbon rings play a significant role [42].  
 
 
3. Nanopores for DNA Sensing 

Recent advances in the device miniaturisation allow creating devices in sub nanometer scale. Current technology allows drilling 
Nanopores with different diameters dawn to 3 nm [44-46] and 3 Å [47] on the freestanding graphene film using a TEM. Other 
methods also reported to create less than 5 nm pores in single layer graphene [48], multilayer graphene-Al2O3 [49] and 
multilayer graphene-TiO2 [50]. The state of the art of all nanopore DNA sequencing methods has been reviewed in [51]. 
 
3.1. Solid State Nanopores 
Inserting a pore in a solid state membrane permits the flow of ionic current when a voltage is applied across the membrane 
[52-54]. Variation in the ionic current due to the translocation of DNA strand through the hole may provide a unique 
signature to distinguish between the bases. This is the main idea behind all solid state nanopores experiments which has 
not leaded to a reliable DNA sequencing technique yet [55]. In recent years, extensive scientific efforts applied the solid 
state nanopores to provide inexpensive DNA sequencing. Not only the solid state nanopores offer robustness and the 
possibility of integrating with electronic or optical readout techniques, they also enable to fabricate high-density arrays of 
nanopores provided by the ability of tuning the size of these nanopores dawn to subnanometer [56]. Nevertheless, the 
membrane thickness, poor signal to noise and controlling the speed of the strand through the pore are the main issues [57, 
58]. To read the bases with single base precision one needs to have thinner membrane but it is challenging since ionic 
current leakage occurs through pinholes in ultrathin solid state membranes [56]. For example, Al2O3 nanopore with 
angstrom level control realized by Venkatesan et al showed that DNA translocation in Al2O3 nanopores is slower than in SiN 
nanopores with similar diameters. To overcome these issues one of the successful methods is employing biological 
nanopores MspA and α-hemolysin as recognition sites inside the pore [59]. The second way is using graphene to minimize 
the issues with solid state nanopores working with ionic blocked current measurements. 
 
3.1.1. Biological Nanopore DNA sensor 
The key technical problems required for real-time, high-resolution nucleoside monophosphate detection using protein 
nanopores were solved by Clarke et al which came to the market since 2012 [60]. The cysteine-containing nanopores were 
employed to discriminate four standard DNA bases. They tested the discrimination of bases in different concentrations of 
KCl, pH as well as different temperature and applied potential which provide good nucleotide separation. Despite the 
remarkable sensitivity of biological nanopores, the sensitivity of biological nanopores to experimental conditions, the 
difficulty in integrating biological systems into large-scale arrays, very small (∼pA) ionic currents and the mechanical 
instability of the lipid bilayer that supports the nanopore need to be improved [56, 61-63].  
 
3.1.2. Combining Solid State Nanopores and Graphene but based on blocked current measurements 
Frist graphene nanopore for DNA sequencing realized in 2010 [64]. By drilling a pore in graphene sheet transferred to a 
silicon nitride membrane with electron-beam and measuring the variation in conductance once individual DNA molecules 
translocate through the pore due to changes in ionic current Schneider et al. [65] and Merchant et al [66] in separate 
experiments realized ultrathin nanopores fabricated in graphene monolayers for single-molecule DNA translocation. They 
observed larger blocked currents than for traditional solid-state nanopores.  
 
3.2. Graphene Nanopore Electrical Sensor 
The first ab initio DFT study of the interaction of four nucleobases, with monolayer graphene nanopore device was reported 
by Nelson et al where variation in electrical current upon translocation of DNA bases inside the hole is used as the detection 
method [67]. Although they claim that in monolayer graphene nucleotide orientation does not affect the transport properties 
of the platform our calculation shows that it is. Saha, et al also carried out a direct conductance calculation in Monolayer 
graphene nanopore and they showed that orientation is varing the conductance of the Monolayer sheet for each nucleotides 
[3]. However, these study do not propose a clear method to distinguish between the bases. Another calculation based on 
the graphene nanogap also showed that the orientation of the bases is a matter [68]. Later, DNA sequencing based on 
variation of the electrical conductance of the graphene nanoribbon channel was theoretically studied by Min et al that allows 
the different nucleobases to be distinguished [69]. However, they did not used a full graphene nanopore to read out the 
nucleotides. A rectangular shape channel with three isolating side and one open side attached to a graphene nanoribbon 
used for DNA sensing. Their method showed that direct conductance read out strategy could be potentially used for DNA 
sensing. Recently, another readout method based on sensing of conductance in graphene nanopore with four additional 
graphene lead deposited on the graphene nanopore has been proposed that although it could control the speed of 
translocation of DNA through the pore, the sensing strategy which is based on the detection of the variation of conductance 
for different orientation of the pith was not successful to distinguish between the bases [70].  

Here we are proposing new carbon based structure that shows good sensitivity and selectivity upon translocation of 
the DNA bases inside the hole. This new structure will be discussed in the section 4. Not only we will elaborate that it shows 
readable sensitivity to noceotides, but also our proposed data-mining method could be applied to distinguish between the 
bases which will discuss in the section 5. … 
 
 
4. Sensing Platform Structure 



The proposed platform consists of a bilayer graphene nanoribbon with a nanopore where the top layer and bottom layer 
joined in the pore side. As reported in [24], bilayer graphene could be merged in the edge to make a new set of carbon 
based materials called sculpturenes. Meaning that after sculpting nanopore in top layer and bottom layer of the graphene 
using TEM, the edges try to merge to reach favourable energy level of the carbon atoms in the edges of upper and bottom 
pore. We used similar method to create current structure. The width of the ribbon and the diameter of the hole are ~3nm and 
~1.5nm, respectively as shown in figure 3. Proposed configuration has some advantages compared to monolayer graphene 
such as: (1) one problem with very small holes in graphene is self-shrinking properties of the graphene that induce fixing the 
pore after drilling. This effect could not happen in proposed configuration because in the pore side carbon atoms bond to 
nearest carbon atoms strongly that prevent to see the self-shrinking effect; (2) Bilayer graphene shows semiconducting 
properties leading to be more sensitive to charge variation comparing to monolayer which is basically conductor; (3) 
monolayer graphene is too thin and slowing dawn the DNA strand to record the signal while translocation of the DNA inside 
the hole is an issue. On the other hand thicker membrane induces translocation of more than one base at a time inside the 
pore which makes another issue. Considering the fact that the distance between two bases in a strand is about 0.34 nm 
implies that the optimum platform thickness is about 0.34 nm. The distance between top and bottom layer in bilayer 
graphene is 0.34 nm which well suite in this condition as well and (4) as we will discuss later we are proposing to look at the 
transmission from top layer in the left hand side to the bottom layer in the right hand side which not only increase 
contribution of the hole side of the system in the total sensing, with proper experimental set up it could reduce the effect of 
the transmission channels in the wider ribbons.  
 

 
Figure 3: Atomic structure of Sculpted Bilayer Graphene Nanopore with (a) Bilayer Graphene Lead (b) Monolayer Graphene Lead 

 
In addition to this, we add hydrogen bonds in the pore side as it would happen in reality. These hydrogen bonds also 

could enhance the sensitivity as reported in [71]. Hydrogen termination brings several advantages such as: (1) it enhances 
the coupling between carbon atoms in the edge of the pore and the translocated DNA bases leading to enhancement of the 
current measurability; (2) it narrows the distribution of the resulting conductance values leading to a reduced conductance 
variance due to certain configurations induced by energetically preferred conformations in the presence of H-bonds; (3) it 
causes an attractive force stronger than van der Waals interaction which could help to slow down the translocation of DNA 
bases through the nanopore. Moreover, the proposed structure would not induce terrace effect which has been reported in 
multilayer structures [56]. 
 
 
5. Methods 

Proposed DNA sensors basically could be implemented by recording the variation in the transport properties of platform 
upon translocation of the DNA bases in the nanopore. This variation should be strong enough to sense each DNA bases (A, 
T, G and C). In addition, observed signal should be different for each DNA bases to recognize mismatch DNA bases. To 
investigate this, we need to study the transport properties of proposed platform with and without existing of DNA bases to 
find out how DNA bases change the transport properties of the platform. 

Theoretical approach in nanoscale could be carried out with either Semi-classical methods or Quantum transport 
methods. Quantum transport method which this research carried out aiding that, provides more detailed and accurate 
information about the transport properties of the nanoscale platforms. Therefore, first-principles quantum transport 
simulations using computational implementations of the non-equilibrium Green’s function method (NEGF) coupled to density 
functional theory (DFT) will be implemented using SIESTA [72] and SMEAGOL [73] tools.  
 
5.1. Computational Methods 
To find optimized geometry and ground state Hamiltonian of the system, we employed SIESTA [72] implementation of 
Density Functional Theory (DFT) within the Generalized Gradient Approximation (GGA) correlation functional with Perdew-
Burke-Ernzerhof parameterization (PBE). Results were found to converge with a double zeta polarized basis set for a plane 
wave cut-off energy of 250 Ry with maximum force tolerance of 40 meV/Ang. k-point sampling of the Brillion zone was 
performed by 1×1×1 Monkhorst–Pack grid. Then using the Hamiltonian obtained from DFT calculation, transport calculation 
was performed by SMEAGOL implementation of non-equilibrium Green’s function [73]. 

To use the non-equilibrium Green’s function formalism, the Hamiltonian of the every specific system is needed. The 
converged profile of charge via the self-consistent DFT loop for the density matrix implemented by SIESTA is used to obtain 

(a) 
(b) 



this Hamiltonian. Employing the SMEAGOL method [73], the transmission coefficient between two lead in two terminal 
system could be calculated as:   
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where 𝛤𝐿,𝑅(𝐸) = 𝑖(∑𝐿,𝑅(𝐸) − ∑𝐿,𝑅
†(𝐸)) are level broadening due to the coupling between left and right electrodes 

and the scatter, ∑𝐿,𝑅(𝐸) are the retarded self-energies of the left and right leads and 𝐺𝑅 = (𝐸𝑆 − 𝐻 − ∑𝐿 − ∑𝑅)
−1 is 

retarded Green’s function, where H and S are Hamiltonian (obtained from the DFT self-consistent loop implemented by 
SIESTA) and overlap matrixes, respectively. Obtained transmission T(E) is introduced into the Landauer’s formula to find the 
conductance at finite temperature T as:  
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where 𝐺0 = 𝑒2/ℎ is the conductance quantum, 𝑓(𝐸) = (1 + 𝑒𝑥𝑝((𝐸 − 𝜇)/𝑘𝐵𝑇))

−1 is the Fermi – Dirac distribution 
function where μ is the electrochemical potential which is the same for both reservoirs at small bias voltage and kB = 
8.62x10-5 eVK-1 is the Boltzmann constant.  
 
5.2. Data Analysing Methods 
To read the transport characteristics obtained from the calculation, proper data-mining method is required. Here, we are 
presenting new data minding method which could be used to distinguish between the nucleosides.  
For each nucleosides X=[dAMP, dCMP, dGMP, dTMP], configuration m and energy E with transmission coefficient TX,m(E), 
we define the quantity:  
 

X, 10 X, 10(E) log (T (E)) log (T (E))m m bare       (3) 

 
which is a measure of the differences between TX,m(E) and the bare transmission in the absence of a base. To differentiate 
between different bases, we analyse the set of all values of αX,m(E) for Emin<E<Emax , m=1,…,mmax belonging to a given base 
X. As possible discriminators, we continue the following … quantities. 

a) The probability distribution of the set{αX,m(E)} for a given base X, defined by: 
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This has the property that the number of values of αX,m(E) between α=a and α=b is ∫ 𝑃𝑋(𝛼)
𝑏
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when 𝑥 = 𝑥0. 
b) The average of αX,m(E) over all configurations: 
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c) The mean square of αX,m(E) given by: 
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where 𝑉 ∈ (𝐸𝑚𝑖𝑛 , 𝐸𝑚𝑎𝑥). To determine which of these is the more efficient discriminator; result for each of these quantities 
will be presented below.  
 
Deoxycytidine monophosphate  
 
 
6. Result and Discussion 

We investigate three Sculpted Bilayer Graphene Nanopore configuration as shown in fig. 4a,b and fig. 5a. The size of the 
pore and platform is the same for all configurations.  
 
6.1. Sculpted Bilayer Graphene Nanopore with Bilayer Graphene Lead 
In the first structure (fig. 4a), we investigate the transport properties of the bare platform and with existing of the four 
different nucleosides from the left lead with crystalline bilayer nanoribbon structure and to the right lead with similar 



structure. In the second structure, (fig. 4b), the hydrogen bonds were added to the pore side to realize much more real 
system and investigate influence of the H-bonds in the sensing properties. Fig. 4c shows the transmission coefficient for 
bare platform in different energies where the Fermi energy is at E=0 eV. H-bonds affect the transmission specifically in the 
Fermi energy as well as in the higher energies. Introducing DNA bases inside the pore we calculate differences between the 
transmissions of the bare system with the existence of the nucleosides based on equation 5. Fig. 4d shows the differences 
between transmissions of each base and bare system for dAMP (black line), dCMP (red line), dGMP (blue line) and dTMP 
(green line) (d) for the system shown in fig. 4a. Although it shows some differences and it shows sensing characteristics, it is 
not good enough for distinguishing between the bases. The same calculation is carried out for the system shown in fig 4b 
and the sensing is improved as expected. However, it is not still good enough to distinguish between the nucleosides. 
 
 

 
Figure 4: Atomic Structure of Sculpted Bilayer Graphene Nanopore with Bilayer Graphene Lead (a) without H-bonds (b) with H-bonds. (c) 
Transmission coefficient from right lead to left lead for the platform shown in a (solid line) and b (dashed line). Differences between 
Transmissions of each base and bare system for dAMP (black line), dCMP (red line), dGMP (blue line) and dTMP (green line) (d) for the 
system shown in a (d) for the system shown in b. 
 
 
 
6.2. Sculpted Bilayer Graphene Nanopore with Monolayer Graphene Lead 
To increase the contribution of the pore side in the sensing process and decrease the effect of the transmission channels in 
two sides of the pore perpendicular to transmission direction, we investigate the transport from the left top monolayer lead to 
the right bottom lead as shown in fig. 5a. Fig. 5b shows the transmission coefficient of this system versus energy where the 
Fermi energy set to be in E=0 eV. The transmission around the Fermi energy is very low and it is increasing for higher 
energies with some fluctuation. 
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Figure 5: (a) Atomic structure of Sculpted Bilayer Graphene Nanopore with Monolayer Graphene Lead, (b) transmission coefficient from 
the left lead (top layer) to the right lead (bottom layer)  
 

To study the sensing properties of this platform and effect of the orientation of the bases inside the pore on 
transmission, we chose 4 different configurations for each nucleoside and calculate transmission for all 16 possibilities. 
These configurations could represent the transmission of 32 configurations due to the symmetry of the device. The left hand 
side fig. 6a,b,c,d show one of configuration of dAMP, dCMP, dGMP and dTMP respectively translocated inside the 
nanopore. Corresponding differences between the transmission of presented configurations and bare platform for dAMP, 
dCMP, dGMP and dTMP has been shown in the left hand side of the fig. 6. ….. It is notable that favourable energy state for 
all bases occurs when the nucleosides are close to the edge of the pore. 

 
 

 
 

 
 

(a) (b) 

 

Lead 

  

Lead 

(a) 

(b) 



 
 

 
Figure 6: (a, b, c, d: left) one of configuration of dAMP, dCMP, dGMP and dTMP respectively translocated inside the nanopore (a, b, c, d: 
right) differences between the transmission of presented configuration and bare platform for dAMP, dCMP, dGMP and dTMP respectively 
 

After calculating the differences between the transmission of presented configuration and bare platform for each base 
and configurations (αX,m), we calculate the average of αX,m for each base based on equation 5 as shown in fig. 7. Comparing 
with two different platforms shown in fig. 4, this structure shows very promising sensing properties.  

 

 
Figure 7: The average of Transmission differences between all configuration of each base and bare platform based on equation 5; black 
line: dAMP, red line: dCMP, blue line: dGMP and green line: dTMP   
 

To examine our next two data mining methods, we apply both methods based on equations 4 and 6. Figure 9 shows 
the mean square of αX,m(E) obtained from equation 3. It is clear that … 
 

(c) 

(d) 



 
Figure 8: the mean square of αX,m(E) based on equation 6 

 

The method (a) presented in our data-mining methods section, shows better difrentiation as shown in fig. 9. It shows 
the probability distribution of the set{αX,m(E)} for a given base X by aiding of the equation 3. It is apparent that … 

 

 
Figure 9: The probability distribution of the set{αX,m(E)} for a given base X 

 
 
 
 
7. Conclusion 
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