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Abstract: As a focal point of biotechnology, bioinformatics integrates knowledge from biology,
mathematics, physics, chemistry, computer science and information science. It generally deals
with genome informatics, protein structure and drug design. However, the data or information
thus acquired from the main areas of bioinformatics may not be effective. Some researchers
combined bioinformatics with wireless sensor network (WSN) into biosensor and other tools,
and applied them to such areas as fermentation, environmental monitoring, food engineering,
clinical medicine and military. In the combination, the WSN is used to collect data and
information. The reliability of the WSN in bioinformatics is the prerequisite to effective
utilization of information. It is greatly influenced by factors like quality, benefits, service,
timeliness and stability, some of them are qualitative and some are quantitative. Hence, it is
necessary to develop a method that can handle both qualitative and quantitative assessment
of information. A viable option is the fuzzy linguistic method, especially 2-tuple linguistic
model, which has been extensively used to cope with such issues. As a result, this paper
introduces 2-tuple linguistic representation to assist experts in giving their opinions on
different WSNs in bioinformatics that involve multiple factors. Moreover, the author proposes
a novel way to determine attribute weights and uses the method to weigh the relative
importance of different influencing factors which can be considered as attributes in the
assessment of the WSN in bioinformatics. Finally, an illustrative example is given to provide
a reasonable solution for the assessment.

Keywords: Bioinformatics, Assessment, Reliability, Wireless sensor network, 2-tuple linguistic
term set.

Introduction

Owing to the rapid development of science and technology, bioinformatics, a focal point of
biotechnology, integrates much knowledge from biology, mathematics, physics, chemistry,
computer science and information science [1, 11]. As the fruit of human genome project, the
branch of information science deals with the acquisition, processing, storing, allocation,
analysis and interpretation of biological information. It is mainly aimed at disclosing the
complexity of the genome information structure and the basic rule of genetic language [5, 12].

Up to now, bioinformatics has developed through three stages: the pre-genomic era,
the genomic era and the post-genomic era. The first stage focused on the establishment of
biological database, the development and application of retrieval tool, and the comparison and
analysis of DNA and protein sequence. The second stage emphasized on the identification of
new genes by measuring and analyzing nucleotide sequences. The third stage centered on the
mapping and annotation of human genomes. For example, Nailwai and Chauhan [4] employed
bioinformatics tools to analyze the consequences of non-synonymous SNPs of USP9Y gene in
human. Senturk et al. applied a resource allocation for bioinformatics in multi-cloud
environments [8].
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The wireless sensor network (WSN) is often used in synergy with bioinformatics because of its
function of collection and aggregation of bioinformatics information [3, 6, 8-10]. Consisting of
multiple tiny nodes, the WSN can persistently detect the environment around the sensors and
send sensor data to base station via multi-hop routing. The acquisition of surrounding
information relies on a mass of sensors, the number of which adds up to thousands.
Nevertheless, a WSN on such a large scale may have lower accuracy and poorer data quality,
which may impact any further analysis based on its results. The situation would deteriorate due
to the dynamic nature of the WSN.

Therefore, the WSN has to be more reliable before it is integrated with bioinformatics to make
the data utilization in bioinformatics more efficient. The influencing factors on the WSN’s
reliability will be analyzed in details in the next section.

Targeted at the above problem, this paper introduces the 2-tuple linguistic model, an immensely
popular method [2, 7], to help with the expression of the preference information related to the
WSN in bioinformatics. First, the factors that may impact the assessment of WSN’s reliability
are obtained by analyzing the relevant concepts of WSN in bioinformatics; second, some
definitions and the operation rule of 2-tuple linguistic term sets are introduced, and an attribute
weighting method is developed to weigh the relative importance of the attributes of the
assessment; third, two operators are imported to integrate the assessment information provided
by experts [13]; finally, the reliability of WSN in bioinformatics is assessed with the proposed
linguistic method to obtain the ranking order of the attributes. Besides, the proposed assessment
framework is verified through the application to several WSNs.

The following sections of this paper mainly discuss these issues. Section 2 determines the
attributes of data reliability of the WSN in bioinformatics. Section 3 develops the proposed
2-tuple fuzzy linguistic model and introduces the relevant concepts. Section 4 applies the
established 2-tuple linguistic method to assessing the WSN’s reliability based on the index
system. The conclusion and relative references are provided in Section 5.

Attributes of WSN data reliability assessment

For the better application to the military, the WSN was extensively studied in the 1970s.
In recent decades, however, this technology has enjoyed tremendous popularity in academic
and practical fields, especially bioinformatics.

Since the founding of the National Center for Biotechnology Information in the US, numerous
related organizations have been established, such as the European Bioinformatics Institute in
Europe, and the Nippon Biotechnology Information Center in Japan. The emergence of these
institutes has attracted much attention across the world. It is also worth mentioning that the
genetic sequencing technology has been updated constantly in the same period, from the second
generation to the third generation. Against this backdrop, bioinformatics came into being, as
can be seen in Fig. 1.

As mentioned in the Introduction, the future of bioinformatics hinges on the data reliability of
the WSN in bioinformatics. According to previous research, the data reliability of the WSN in
bioinformatics should be assessed from the aspects of quality, benefits, service, timeliness and
stability, as can be seen in Fig. 2.
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Fig. 1 The emergence of bioinformatics

Data reliability of wireless sensor
network
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Fig. 2 The attributes of WSN data reliability assessment

2-tuple linguistic term sets

This section introduces the 2-tupe fuzzy linguistic term sets, and, on this basis, constructs a
representation model for decision-making with the aim to obtain the decision information of
experts.

Relative concepts of 2-tuple linguistic representation model

There is a common defect in classical linguistic computing models and linguistic term sets: the
lack of experts’ decision information. If such models are used directly by inexperienced
researchers, the results are very likely to be false. To overcome the defect, the author provides
the following definitions of the 2-tuple linguistic term sets:

Definition 1. Let there be a linguistic set denoted by L = {1, =0, 1...., ¢} with odd cardinality,
where y € [0, ¢] is a value that supports the results of linguistic aggregation operation, and

x<€[-0.5, 0.5]. Then, the 2-tuple linguistic term set can be generated by combining parameters
yand y:

A [0, 9] — L, L x[-0.5,0.5),
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A(p) = (Im, ) withn =round(y) and y = y—n,

where round(-) stands for the rounding operation that assigns the linguistic term I, to the closest
term ¥, y denotes the value of the symbolic translation.

In addition,
AL L x[-0.5,0.5)— [0, ¢,
Ao, ) =x+n=y.

Function A is the mapping of a linguistic term to a value, and A*(l,, 7) returns the linguistic
term to its equivalent value y € [0, ¢], where (In, y) is denoted by I,.

It is obvious that if y equals to O, the 2-tuple linguistic term set could be reduced to the classical
linguistic term set:

lheL=(I,0) e L.
Moreover, a 2-tuple negation operator can be obtained by Neg(In, 7) = A(p— A(In, 7).

In light of the above definition of 2-tuple linguistic term set and in reference to [2],
the operational rules are defined as follows:

Given that the two linguistic terms In, In € L and two parameters ai;, a; < [0, 1],
the following can be obtained:

D h@In=l+m

2 hDIn=InD In;

(3) aln = lan;

(4) (a1 + a2)ln = a1lh @ acly;

(5) a(lh @ In) = aln @ alm.

If the two linguistic terms are denoted by (In, x1) and (Im, #2), the following can be obtained:
(1) If n<m, then (In, z,) < (Im, 1,);

(2) If n>m, then:

when y1 = y2, (In, y1) and (Im, x2) contain the same linguistic information;

when y1 < 2, (In, 71) < (Im, 22);

when z1 > y2, (In, 71) > (Im, x2).
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An example is given to make a clear illustration of the meaning of 2-tuple linguistic term set:

Suppose a student has to select an appropriate laptop from the following four brands: Lenovo,
Dell, Apple and Acer, and define the fuzzy linguistic term set as L = {lo, Extremely Bad (EB);
l1, Very Bad (VB); Iz, Bad (B); I3, Middle (M); 14, Good (G); Is, Very Good (VG); ls, Extremely
Good (EG)}. Based on the linguistic term set and his/her own preferences, the student’s

assessment of the four laptops would be:

Lienovo = {l4, 0.3}, Ipen = {l4, 0.1}, IAppIe = {lIs, 0.2}, and lacer = {l3, 0.4}.

The 2-tuple term sets are illustrated in Fig. 3.
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Fig. 3 2-tuple linguistic term set

In light of the assessment, the student decides to choose Apple. If the student wants to make a
more detailed assessment of these laptops, he/she could import some attributes, namely price,

quality, brand, etc.

The weights of attributes and experts involved in the assessment
For the purpose of assessing the performance of bioinformatics, the attributes and experts are

weighed in the following manner.

The weight of an attribute or an expert reveals the relative importance of the attribute or expert
against other attributes or experts. Different weights may result in vastly different decisions.
Therefore, it is crucial to identify the weight of each attribute or expert involved in the reliability

assessment of WSN in bioinformatics.

Based on previous studies on attribute or expert weighting, there are two types of weight
determination methods: subjective and objective. The subjective method relies heavily on
subjective judgments, work experience or knowledge of experts or decision makers.
Typical examples are eigenvector algorithm, linear/non-linear programming model and so on.
In other words, subjective weights are directly provided by experts or decision makers.
In contrast, the objective method rests on the assessment information of alternatives for each
attribute given by experts or decision makers. Typical examples include deviation method,
distance measure, entropy measure, correlation coefficient and the alike. The methods should
be selected in accordance of the specific circumstances of the assessment. This paper chooses
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the objective method to determine the weights of attributes, and the subjective method to
identify the weights of experts.

Definition 2. Let there be a set of attributes denoted by C = {c, C», ..., ¢t} and 2-tuple linguistic
terms of each attribute. The deviation measure of these attributes can be defined as:

Dev(cy, C2, ..., ) =d(L,,L,) = A]Aa*(lh, z)— A*(Im, x)I. Q)
The weights of attributes are obtained by the above Eq. (1)

L wetd (L, L)
~  t-1

s.t. 0<wet, <1
ZLWEti =1

Max

The attribute weights are determined in accordance with the above optimization model.

Aggregation of linguistic information
For the purpose of making an overall linguistic assessment of all alternatives, the author
proposes the operators of 2-tuple linguistic term sets of each attribute.

Definition 3. Let L = {l,ly = 0, 1, ..., ¢} be a 2-tuple linguistic term set, and
wet = {wet;, weto, ..., wet} be a collective weight vector satisfying 0 < weti < 1 and
Zweti = 1. The weight average operator of 2-tuple linguistic terms is developed in the

i=1
following manner:

LWAO(c, 2, ..., Ct) = iweti L = A(iwetiA’lA(yij ), (2)

where A(%;j) = (Lij, @ij). If weti = 1/n, the weight average operator will be equal to the arithmetic
average operator.

Definition 4. LetL={l,| =0, 1, ..., ¢} be a 2-tuple linguistic term set. The arithmetic average
operator of 2-tuple linguistic terms is developed in the following manner:

t

LWAO(cy, 2, ..., Ct) =Z ! L = A(Z%AIA()/” ), (3

|:l_ i=1
where A(%) = (Lij, ¢ij).

The assessment process
In this section, the relability assessment of the WSN in bioinformatics is explained step by step.

Step (1): The decision makers or experts identify a linguistic term set, construct t attributes,
and provide g alternatives.
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Suppose the relability assessment of the WSN in bioinformatics has q alternatives
Qi(=1 2, ...,0) and t attributes Att; (i = 1, 2, ..., t), and denote the relative weights of
the t attributes by wet; = wets, wety, ..., weti. There is:

O<wet; <land ) wet =1. (4)
Then, construct an assessment matrix denoted by Q = [Qij]qx, Where the assessment alternatives

provided by a decision maker are denoted by Aj (j = 1, 2, ..., q; | =1, 2, ..., 1).
In this case, a normal decision making matrix Q = [Qij]qx, can be generated as follows:

Q11 Q12 Qlt
Qth _ Q221 Qszz szt . (5)
qu qu o th

Step (2): Collect the assessment information given by experts or decision makers to construct
an asessment matrix.

Step (3): Calculate the weight of each attribute and expert by the above-mentioned optimization
model.

Step (4): Combine the assessment alternatives of all attributes with the weights of experts and
attributes by the information aggregation operators to generate an overall assessment of all
alternatives.

Step (5): Compare the alternatives with each other by the operational rules.

Step (6): Obtain the ranking order of q alternatives to get the optimal alternative for this
problem.

Step (7): Exit the assessment process.

The whole process is illustrated in details in Fig. 4.

The application of the assessment

In order to evaluate the reliability of the WSN in the bioinformatics, three experts are invited
as the decision makers from the Department of Science and Technology. They are denoted by
E1, E2 and Es, and assigned the weights of (0.4, 0.3, 0.3), respectively.

Four types of WSNs in bioinformatics are selected as the four alternatives, which are denoted
as Q1, Q2, Q3 and Q. The attributes mentioned in Section 2 are expressed by Atti, Atty, Atts,
Atts, and Atts. Besides, the weights for these attributes are determined as wet = {0.28, 0.22, 0.13,
0.21, 0.17} by the proposed method in Section 3. In total, the experts provide a set of eleven
linguisticterms L={lo=EB, I1=VB, =B, I3=LB, l4=M, Is=LG, ls =G, I = VG, Is = EG}.
Their opinions and preferences on the four alternatives on the five attributes are expressed by
the 2-tuple fuzzy linguistic term set mentioned in the previous sections.
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Based on their experience and preferences, the experts evaluate each assessment alternative Q;
(=1, 2, 3, 4) on each attribute Atti (i = 1, 2, ..., 5) by the 2-tuple linguistic representation
method. Next, the assessment matrix is constructed, (Tables 1-3) and the 2-tuple linguistic
operators in Eq. (3) are introduced to aggregate the assessments on all attributes. The resulting

|
|
} Expert 1 |
|
|
|
_y‘ y‘_
|
|
| Expert2 Expert3 ||
| |
- - - -
Assessment problem of data
reliability of wireless sensor —
network
‘r 77777777777777777777 [
|
} Attribute 1 |
i 1
|
—N‘ Attribute 2 Attribute 3 y‘—
| |
‘ [
|| Attribute 4 Attribute 5 }
‘ |

Fig. 4 The assessment process

ranking orders are Q2 > Q4 > Qz > Q1.

Finally, Q2 is proved to be the optimal solution. However, the assessment should not stop here.
The reasons making it the optimal solution should be further analyzed based on specific

attributes.

|
} Alternative 1
|

Alternative 2

Alternative 4

|
|| Alternative 3
|
|

The ranking order

Table 1. The decision matrix of expert E;

*0.01 Q1 Q2 Qs Q4
Atty | (I, 20) | (Is, 25) (13, 40) (Is, —15)
Att, | (l7, 15) | (Is, —30) (14, 20) (I3, -10)
Atts | (I2,-50) | (ls, —20) (Is, —30) (Is, —10)
Atts | (I2, 25) | (Is, 20) (I2, 20) (ls, 30)
Atts | (I3, -15) | (l4, 30) (I3, 10) (I3, 20)

Table 2. The decision matrix of expert E>
*0.01 Q1 Q2 Qs Q4
Atty | (Is,-15) | (l4, 35) (ls, 30) (14, 40)
Att, | (l4, 30) (Is, 20) (12, 40) (4, -10)
Attz | (I3, 40) | (I7,-10) (I3, 20) (Is, —20)
Atts | (I5,20) | (ls, 0.3) (13, 10) (Is, 30)
Atts | (I5,30) | (ls, 0.2) (Is, 20) (ls, 20)
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Table 3. The decision matrix of expert E3
*0.01 Q1 Q2 Qs Q4
Att1 | (I2,15) | (I3, 25) | (14, 30) | (Is, 40)
Atto | (I3,40) | (ls, 20) | (Is, 30) | (l7,—10)
Atts | (I, 20) | (I7,20) | (I3, 30) | (la, 40)
Atts | (I3, 30) | (ls, 30) | (I2,20) | (I3, —20)
Atts | (I, 20) | (Is,20) | (I2, 10) | (l1, 45)

Conclusion

Bioinformatics is a fast-developing interdisciplinary science that combines biology,
mathematics, physics, chemistry, computer science with information science. It is widely
adopted in such fields as fermentation technology, environmental monitoring, food engineering,
clinical medicine and military. Nevertheless, the data or information gathered from these fields
may be not effective. To solve the problem, it is necessary to construct a WSN-based
bioinformatics system because the WSN is a useful tool to collect such information. This gives
rise to the importance of information reliability in the bioinformatics system. There are five
influencing factors on the reliability, including quality, benefits, service, timeliness and stability.
These factors should be evaluated with a method that can handle both qualitative and quantitative
assessment information. A viable option for the evaluation is the fuzzy linguistic method,
especially 2-tuple linguistic model. Therefore, this paper introduces the 2-tuple linguistic
representation is introduced to help experts provide their opinions related to different
WSN-based bioinformatics systems that involve multiple factors. In addition, the author comes
up with a novel way to identify attribute weights and takes the approach to weigh the relative
importance of different factors that can be considered as attributes in this assessment problem.
In the end, the assessment process is applied to an illustrative example to verify its effect.
The bioinformatics system proposed in this paper will be improved further in future research.
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