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ABSTRACT

First of all, the paper collects the dental light-
related technical patents, and then establishes
technical/function matrix of dental light. Through
word segmentation system, the paper defines the
normalized numerical values of the important tech-
nical words in each technical fields of the dental light-
related technical patents. The paper uses 3 main
technical fields in the 1st-layer technical fields of
dental light to form 3 technical improvement plans
with technical interdependence. Through the steps of
the modified fuzzy DANP, the related weight matrix
is calculated. The modified fuzzy DEMATEL is
applied to calculation. The paper substitutes the previ-
ously calculated interdependent prioritized weight
WP of the modified fuzzy DANP into equations S;
and R; of the modified fuzzy VIKOR method, and
calculates other related equations of the modified the
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modified fuzzy VIKOR method. Finally, the paper
calculates the comprehensive index Q;, and then
decides and selects the most prioritized optional plan.

INTRODUCTION

Dental light is used to illuminate a patient’s
mouth cavity, and is a lighting device during dental
surgery, diagnosis and treatment. Regarding dental
light, the patent developed by Rose et al. (2005)
mentioned that a dental light structure consists of a
support holder, a lamp head, and a light module that is
attached to the cavity inside the lampshade. Thomas et
al. (2018) invented a dental light for irradiating the
treatment area of a patient in treatment process.

Decision Making Trial and Evaluation
Laboratory (DEMATEL) is an effective method for
collecting group knowledge to form a structural model.
Wu et al. (2007) suggested using fuzzy DEMATEL
method to evaluate the competency of global manag-
ers. Tuzkaya et al. (2008) proposed using fuzzy
analytic network process (ANP) to select the most
prioritized transportation mode. Ayag et al. (2009)
used fuzzy ANP method to evaluate the optional
design plans in the environment of new product
development. Uygun et al. (2016) used fuzzy DANP
(DEMATEL-based ANP) method to evaluate green
supply-chain management (GSCM) in order to find
out plans for the fuzzy and complicated multi-attribute
problems in fuzzy environments. Vinodh et al. (2016),
with the purpose to improve the effectiveness of
concept selection, combined fuzzy DEMATEL with
fuzzy ANP. Within agility standards, fuzzy
DEMATEL produces interdependence relationship
and the strength of interdependence, where fuzzy
concept was used for evaluating and considering the
uncertainty existing between agility factors.

In reality and in some cases there is ambiguity
in the things evaluated, so it is difficult for decision
makers to make accurate judgments. As fuzzy VIKOR
method stresses ranking of optional plans in fuzzy
environments, and determining compromising plans
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for issues with conflicting standards. Chang (2014)
used VIKOR method that was based on fuzzy set
theory to provide hospitals with a reasonable and
systematic evaluation of service quality, and used the
theory of fuzzy triangular membership function to
solve the uncertain, subjective and ambiguous prob-
lems of hospital service quality. Since different
patients had different preferences for hospital service
quality, fuzzy VIKOR method was used in fuzzy
environments to rank the hospital service qualities.
Rezaei, et al. (2013) proposed using fuzzy ANP
method and fuzzy VIKOR that were both based on
fuzzy set theory. Through fuzzy VIKOR, suitable
suppliers can be selected, and uncertain human
judgment can be transformed into meaningful results.
Opricovic (2011) used fuzzy VIKOR method to study
the development of reservoir system, and took a
numerical example to illustrate its application to water
resources planning.

None of the above literature is like this paper
that uses product technology to obtain decision-
making steps with the modified fuzzy DANP
combined with the modified fuzzy VIKOR to calculate
the priority order of 3 technical improvement plans for
selection of dental light.

ESTABLISHMENT PROCEDURE OF
PATENTED TECHNICAL/
FUNCTIONAL MATRIX OF DENTAL
LIGHT

The paper develops a technical/functional
matrix of dental light that is established based on its
own engineering knowledge and search of patents.
First of all, the paper defines the 1st-layer technical
fields of dental light. The 1st-layer technical fields are:
(1) overall holder structural technology of dental light,
(2) lampshade structural technology of dental light (3)
lamp control technology of dental light. After that, the
1st- and 2nd-layer technical/functional matrices are
preliminarily established.

After the 1st-layer technical fields of dental light
are defined above, the paper starts to combine a lot of
relevant patents having improved cosine similarities,
and being searched through important patent vocabu-
laries and International Patent Classification (IPC).
From the large number of relevant patents being
searched, the paper adds in word segmentation system
of patent semantic analysis to conduct analysis of the
patents’ key technical words, part/component words
and functional words, and calculate the normalized
numerical values of different keywords (Lin et al.,
2017). The patents with highly correlated techniques
and functions are categorized under this technical
word group and functional word group, and matched
with synonym concept to establish word groups of
important technical words and part/component words
in each 1st-layer technical field of the dental light-
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related patents.

After that, these word groups are used to make
comparison using the modified cosine similarity, and
manual classification is used to define the 2nd-layer
technical field and functional field of each 1st-layer
technical field, and establish the 1st-layer and 2nd-
layer technical/ functional matrices. The 1st-layer and
2nd-layer technical/ functional matrices of the dental
light patents in Chinese and English, as well as the 1st-
layer and 2nd-layer technical fields and functional
fields of the dental light-related patents are briefly
explained as follows.

The 2nd-layer technologies under the 1st layer’s
"overall holder structural technology" are divided into
two kinds: (1) support holder structural technology (2)
structural technology near lamp handle.

The 2nd-layer technologies under the 1st layer’s
"lampshade structural technology" are divided into
two kinds: (1) light source arrangement technology (2)
light source heat dissipation technology.

The 2nd-layer technologies under the 1st-layer’s
"lamp control technology" are divided into two kinds:
(1) light source irradiation range technology (2) light
source brightness technology.

The functions of dental light patents are divided
into 7 kinds: (1) Improve ease of use (2) Improve
shadows and dazzling light (3) Improve light uni-
formity and brightness, (4) Improve heat dissipation (5)
Reduce eye fatigue (6) Reduce costs and extend
service life (7) Adjust lighting range.

Using the word segmentation system of patent
semantic analysis mentioned above, the paper obtains
the key technical words of each technical layer, as
shown in Table 1.

COMBINING PRODUCT
TECHNOLOGY WITH THE
MODIFIED FUZZY DANP AND THE
MODIFIED FUZZY VIKOR DECISION
MAKING PROCEDURE FOR
SELECTION OF PRIORITIZED
IMPROVEMENT PLAN OF DENTAL
LIGHT

According to the decision making steps with the
modified fuzzy DANP combined with the modified
fuzzy VIKOR, the paper selects a prioritized improve-
ment plan among the 3 improvement plans of dental
light. The paper performs the aforesaid mutual
combination of the 1st-layer technologies of dental
light or develops 3 interdependent improvement plans,
with plan A being “overall holder structural technol-
ogy + lamp control technology”, plan B being
“lampshade structural technology + lamp control
technology”, and plan C being “overall holder struc-
tural technology + lampshade structural technology”.



Z.-C. Lin et al.: Modified Fuzzy VIKOR Method that Combines with the Modified Fuzzy DANP.

Table 1 Word groups of technical words and part/component words in the 1st-layer technical field and the 2nd-
layer technical field of the dental light-related patents

1st-layer technology

2nd-layer technology

Word group of technical words and part/component words

Overall holder
structural technology
of dental light

Support holder
structural technology

Sleeve, install, mouth cavity light, LED, structure, lamp, holder,
adjust, melt, shell, handle, hinge, connect, base, connecting arm,
fix ... etc.

Structural technology
near lamp handle

LED, light source, handle, lens, dental light, shell, install,
structure, connect, revolving axis, support member, light stand,
lamp head, fixing block, positioning ... etc.

Lampshade
structural technology
of dental light

Light source

LED, light source, lens, reflector, illuminate, control, lamp,

arrangement irradiate, angle, dazzling light, shadow, positioning,
technology illumination, filter, adjust ... etc.

Light source heat  |LED, light source, lens, shell, radiator, heat dissipation,
dissipation lampshade, radiation fin, thermally conductive shell, condenser
technology lens, service life, circuit board, structure, switch ... etc.

Lamp control
technology of dental
light

Light source
irradiation range

LED, light source, lamp, control, structure, handle, install,
reflector, electromagnet, beam, light stand, radiator, outer shell,

technology heat dissipation, shadow, illuminate ... etc.

Light source Light source, lamp, illuminate, LED, install, lens, control,
brightness structure, adjust, switch, brightness, radiation fin, light spot,
technology operate, outer shell, instrument ... etc.

The paper firstly follows the steps of the
modified fuzzy ANP decision-making procedure to
calculate the related weight matrix, and applies the
modified fuzzy DEMATEL for calculation. The
normalized direct/indirect matrix of the modified
fuzzy DEMATEL is substituted into the modified
fuzzy ANP, obtaining a result of the modified fuzzy
DANP, and calculating the interdependent prioritized
weight W2 of the modified fuzzy DANP. Besides,
the matrix table of importance scale value of each
fuzzied product technology criterion of fuzzy ANP in
plans A, B, C as well as the transposed matrix (W2)T
of the fuzzied W2 are further applied for calculation
of the distance ratio of each optional plan of the
modified fuzzy VIKOR to ideal solution and non-ideal
solution. Finally, the most prioritized optional plan is
determined and selected. The paper’s innovative
establishment of decision-making steps by combining
the modified fuzzy DANP with the modified fuzzy
VIKOR is explained as follows.

Below explains the stepwise calculation of the
result of a prioritized improvement plan from the 3
improvement plans.

The following [Step 1] to [Step 12] are the steps
of modified fuzzy DANP. [Step 1] to [Step3] are the
steps of fuzzy ANP , [Step 4] to [Step 9] are the steps
of modified fuzzy DEMATEL, and [Step 10] to [Step
12] are the steps of modified fuzzy DEMATEL
combining the fuzzy ANP to form the modified DANP.
The steps from [Step 13] to [Step 18] are the steps of
modified fuzzy VIKOR.

[Step 1] Achieve pairwise comparison result among
different product technology criteria.
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First of all, for the technical word group of each
technical criterion, the paper calculates the normalized
numerical value of each technical criterion. The paper
takes the 2nd-layer technologies of the established
technical/functional matrix of dental light as the
technical criteria mentioned below, as shown in Table
2. In Table 2, the equation for calculation of normal-
ized numerical value is expressed as equation (1).
From the result of normalized numerical value of each
technology criterion obtained in Table 2, the normal-
ized numerical value of each technology criterion is
divided by the total normalized numerical value,
obtaining the specific weight of normalized numerical
value of each technology criterion. Using the fuzzy
theory’s triangular membership function and a-cut
concept, the relative importance scale is calculated.
Using the obtained fuzzy importance scale, a pairwise
comparison matrix is established for each product
technology criterion.

No. of occurrence times of
important technical keywords

No. of words in the full texts of
the related patent groups

(1)
For example: When comparison of relative
importance is made between criterion b. structure near
lamp handle and criterion a. support holder structure,
the specific weight of normalized numerical value of
criterion b. structure near lamp handle is 16.11%, and
the specific weight of normalized numerical value of
criterion a. support holder structure is 13.87%.
The difference in specific weight of normalized
numerical value between these two criteria is 2.24%.
For the difference in specific weight of normalized

Normalized numerical value =




numerical value,1.3% is taken as an interval to
calculate the relative importance scale. As shown in
Figure 1, the triangular membership function u,(x)
is at the range of 0~2.6%, and the triangular member-
ship function pg(x) is at the range of 1.3~3.9%.
Therefore, the fuzzy triangular zone is in the range of
1.3~3.9%. For pairwise comparison of the specific
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weight of normalized numerical value among other
product technology criteria, 1.3% is taken as an
interval to calculate the relative importance scale. For
the importance scale, 1 is of equal importance, 3 is
slightly important, 5 is important, 7 is quite important,
9 is absolutely important.

Table 2 Normalized numerical values and specific weights of patents’ key technical words of each technical

criterion
L Normalized numerical value of Specific weight of
Technology criterion L . .
each product technology criterion | normalized numerical value
a. Support holder structure 0.026096 13.87%
b. Structure near lamp handle 0.030309 16.11%
c. Light source arrangement 0.036008 19.14%
d. Light source heat dissipation 0.031789 16.90%
e. Light source irradiation range 0.036373 19.33%
f. Light source brightness 0.027579 14.66%
Total 0.188154 100.00%
. ) i Substitute 2.24%, being between 1.3% and 2.6%, into
wf /\ /\ the above equations, obtaining:
B N o % 2.6-2.24 036
ot / \/\/ -\\ Moo= 5 =75 =028
o/ A % _224-13 094
b /N N Mp=56-13 ~ 13 072
/ / \ Difference in specific weight
"o 1.3% 2 6% 3. 0% iiii‘;“‘"‘“" numerical Since u,(x) = 0.28, which is a value smaller than 0.5,
i 5 ; § s s 0 is taken. For ug(x) = 0.71, which is a value greater

Figure 1 Fuzzy zone of the difference in specific
weight of normalized numerical value at 1.3~2.6%

Substitute these 2 triangular membership functions
into equation (2), obtaining: (Wan et al., 2006)

than 0.5, so 1 is taken. As shown in Figure 1, 5 is thus
taken as the corresponding importance scale of g (x),
implying that the relative importance of criterion b.
structure near lamp handle to criterion a. support
holder structure is 5, indicating that it is “important”.
Conversely, the relative importance of criterion a.

0 for x<0 support holder structure to criterion b. structure near
x=0 lamp handle is 1/5, indicating that it is “unimportant”.
50 Jor0sx<13 The diagonal values of the pairwise comparison of

Ua(x) = 1 1 for x=13 different most important technical words are all 1,
297% for13<x <26 indicating that during mutual comparison technical

26-13 words, they are agreed to be of equal importance. As

0 for x>26 to the calculation method of importance scale during

0 for x<13 comparison of relative importance of different product
13 for 1.3 <x < 2.6 technology criteria, the above calculation method can
26-13 be used. The pairwise comparison matrix of different

Hp(x) = 3 1 for x=26 2 product technology criteria in the table of relative
3399__2"6 for 2.6 <x <39 importance scales is shown in Table 3.
0 for x>39
Table 3 Pairwise comparison matrix of different product technology criteria

a b c d e f Geometric mean value Weight

a |1 15 |19 |15 |[1/9 |13 0.23410 0.02451

b |5 1 1/5 | 1/3 |15 |3 0.76472 0.08007

c |9 5 1 5 1 7 3.41099 0.35713

d |5 3 15 |1 1/5 |5 1.20094 0.12574

e |9 |5 1 5 1 9 3.55689 0.37421

f |3 |13 |17 |15 |19 |1 0.38337 0.04014
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After that, the paper proposes a calculation
method of the weight of pairwise comparison matrix.
First of all, find the geometric mean value, which is
expressed as equation (3):

Yi = Q/xil "X " e e " Xin (3)

In this equation, Y; = geometric mean value; x; =
comparative value of relative importance scale; and i
= a, b, ¢, d, e, f. Therefore, the innovative weight
equation of the paper is expressed as equation (4):

Weight wy; = Zny" _

i=171

»i=a,b,cdef 4)

Ya = Geometric mean of support holder structure; Y, =
Geometric mean of structure near lamp handle; Y=
Geometric mean of light source arrangement ......
For example:

Y, 023410
n Y, 9.55101

i=1

Wiq = = 0.02451

For other weights, they can be obtained using the
above calculation method. All the calculated weights
would form a weight matrix W1, as shown below.

[WM] 0.02451
Win [ [0.08007
w. = |Wae| _{0.35713

15w, |~ 012574

W, | (037241
w,,] L0.04014

[Step2] Compare the relative importance between
each product technology criterion and each plan.

For example, the two improvement technologies
of “overall holder structural technology + lamp control
technology” in plan A cover these technologies: crite-
rion a. support holder structure; criterion b. structure
near lamp handle; criterion e. light source irradiation
range; and criterion f. light source brightness. Since
other technologies do not belong to the technologies in
this plan, the specific weights of other normalized
numerical values are not considered. The paper
proposes adding up the specific weights of normalized
numerical values of all the technical word groups
covered in plan A, and calculating the ratio of specific
weight of normalized numerical value of each product
technology criterion in plan A. By doing so, the
paper’s innovative equation of specific weight of
normalized numerical value of each product technol-
ogy criterion in plan A can be obtained, and is
expressed as equation (5) and equation (6):

For example, in plan A,

ng =ng +n,+n, +nf (5)
n n n n
and ngy == ’nazz_b Mgz = ’na4:_d ’
na na na na
Ngs = De ,
a na
ny
Nge = — (6)

ng
In these equations, na = Sum of specific weights of

normalized numerical values

Nabefr= Specific weight of the original normalized
numerical value of each product technology
evaluation criterion

na = Calculated specific weight of normalized
numerical value of criterion a. support holder
structure in plan A.

na2 = Calculated specific weight of normalized
numerical value of criterion b. structure near
lamp handle in plan A.

N3 = Calculated specific weight of normalized
numerical value of criterion c. light source
arrangement in plan A.

na = Calculated specific weight of normalized
numerical value of criterion d. light source heat
dissipation in plan A.

nss = Calculated specific weight of normalized
numerical value of criterion e. light source
irradiation range in plan A.

ns = Calculated specific weight of normalized
numerical value of criterion f. light source
brightness in plan A.

Ny = 13.87%+16.11%+19.33%+14.66%=63.97%

=138 —21.68%

n,, =——- =
al ™ g3.97

Similarly in plan B :

n n
Np =N+ Ng+Ne+n;0 Npy =25 Ny =—2 >
np np
ne ng Ne
Nps = —< > Ny, =—2% > Npe = —% ...,
b3 = Mhe =0 Mps =
Similarly in plan C :
n n
Ne=Ng+n,+n.+ny >Ny =-2ng,=-2>
nc nc
ne ng Ne
Neg =5 > Ny =2 > Npe = -2 ...
c3 ne c4 ne c5 ne

The ratio of specific weight of normalized numerical
value of each product technology criterion in each plan
for judgment of importance is shown in Table 4.

Table 4 Ratio of specific weight of normalized
numerical value of each product technology criterion
in each plan for judgment of importance

a b c d e f

Plan A | 21.68% | 25.18% 0.00% 0.00% 30.22% | 22.91%

Plan B 0.00% 0.00% 27.33% | 24.13% | 27.61% | 20.93%

Plan C | 21.01% | 24.40% | 28.99% | 25.59% | 0.00% 0.00%

Through the fuzzy theory’s triangular member-
ship function and o-cut concept, the relative im-
portance scale value of each product technology crite-
rion to each plan is calculated, establishing a table of
comparison of the relative importance scale values of
different product technology criteria to different plans.
As observed from Table 4, for the ratio of specific
weight of normalized numerical value, 8.5% is taken
as an interval to make the result of importance scale
values of different product technology criteria in dif-
ferent plans become more uniform. Perform operation
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of fuzzy numerical value, so as to calculate the relative
importance scale, and establish a table of the relative
importance scale values of different product technol-
ogy criteria to different plans, as shown in Table 5.

Table 5 Importance scale values of different fuzzied
product technology criteria in plans A, B and C

a b c d e f | Weight
Al 7 7 1 1 9 7 | 0.35545
B 1 1 7 7 7 5 |0.32228
C| 5 7 7 7 1 1 |0.32228

The calculation method of weight in Table 5 is
expressed as equation (3) and equation (4).

For example: The eigen vector value w,,, of
criterion a. support holder structure to plan A is
expressed as equation (7) and equation (8) as follows:

Waaa = W‘:}A (7)
where, W =wgy + Wup + Wyc (8)

W = Sum of relative importance scale values of
criterion a. support holder structure to plans A,
BandC

Waa = Relative importance scale value of criterion a.
support holder structure to plan A.  From Table
5, we can obtain:  Waa =7

Wag = Relative importance scale value of criterion a.
support holder structure to plan B.  From Table
5, we can obtain:  wpg =1

Wac = Relative importance scale value of criterion a.
support holder structure to plan C.  From Table
5, we can obtain:  Wac =5

Therefore:

W =Was + Wap + We =13 Wygs = % =0.538

According to the above calculation method, an eigen
vector is obtained:
w. WZa
2aA
Was |= A 0.538
Waacl | B 0.077
C 0385
For the eigen vectors of the remaining product technol-
ogy evaluation criteria, this method can be used for
calculation. Calculate the eigen vectors w, of all the

product technology evaluation criteria to form a
weight matrix Wa.

Eigen vector wy,, = [

J. CSME Vol.43, No.3 (2022)

Waa Wyp Wi Wpg Wz Wy
_|1 A 0.5380.467 0.067 0.067 0.529 0.538
| B 0.077 0.067 0.467 0.467 0.412 0.385
¢ 0.3850.467 0.467 0.467 0.059 0.077

[Step 3] Make pairwise comparison of internal
interdependence relationship among different product
technology criteria.

W>

The paper takes the technical word group of
each technology criterion for analysis. Observe the
important technical words in the technical word group
of a certain technology criterion, and then compare the
important technical words of other criteria’s technical
word groups with the important technical words
previously found. If the occurrence of some important
technical words is relatively frequent, combination
with engineering knowledge can be performed to
judge which technology criteria would be relevant to
that certain criterion, as shown in Figure 2.

a. support holder
. structure

b. structure near & hg.h‘ souree
. irradiation rangg

- ha
' d. light source

heat dissipation
Figure 2 Internal interdependence among various
technology criteria of dental light

As seen from Figure 2, the technical criteria having
internal interdependence relationship with criterion a.
support holder structure are criterion b. structure near
lamp handle, and criterion e. light source irradiation
range. Using equation (1), the normalized numerical
values of criteria a, b and e are calculated. After that,
calculate the sum of the normalized numerical values
of the technology criteria with relevance, and find the
specific weights of their normalized numerical values,
with the results shown in Table 6. Take an appropriate
specific weight of normalized numerical value as a
scale interval. Through the fuzzy theory’s triangular
membership function and a-cut concept, the relative
importance scale is calculated. Furthermore, a pair-
wise comparison table of internal interdependence
relationship among different product technology crite-
ria is established, as shown in Table 7. Through equa-
tion (3) and equation (4), the weights are calculated.

Table 6 Normalized numerical values and specific weights of criterion a, criterion b and criterion e

Technology criterion

Normalized numerical value of
each product technology criterion

Specific weight of normalized
numerical value

a. support holder structure 0.026096033 28.13%
b. structure near lamp handle 0.030308586 32.67%
e. light source irradiation range 0.036373484 39.20%
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Table 7 Relative importance scale values and
weights of criterion a, criterion b and criterion e

Criterion a b o Geometric Weight
a mean
a 1] 1/5 | 1/9 0.281 0.155
b 5 1 1/5 1.000 0.552
e 9 5 1 0.530 0.93

Taking criterion a. support stand structure for
explanation, the key technical words of support stand
structure have internal interdependence relationship
with criterion b. structure near lamp handle and
criterion e. light source irradiation range. And the rest
of the key technical words have no internal interde-
pendence relationship. Since there is no important
relationship among the key technical word of these
several criteria, the weight is 0. After calculation, the
weights can be obtained in Table 7: Wsaa =0.155, Waap
=0.552, and wsae =0.293. Therefore, the weight matrix
formed by criterion a. support stand structure is wsa =
(0.155, 0.552, 0, 0, 0.293, 0). The weight matrices (Wsp,
Wac, Wad, Wse, W3, W3g) OF internal interdependence
relationship among different product technology
evaluation criteria are all calculated using the above
method. Then, all the weight matrices are used for
form a matrix Ws. Hence, Wz = (W3a, W3n, Wac, Wad, Wae,
W3t W3g).

W3=

[0.155
|0.029
0

[ o
[0.037
0

0.552

0.076

0.063

0.108

0.110
0

0
0.388
0.381
0.650
0.427
0.735

0
0.119
0.117
0.203

0
0207

0.293

0.388

0.408
0

0.427
0

0
0 —i

0.031

0.040|

o
0.058

[Step 4] Define product technology criteria and judge
the mutual impact relationship to each other.

To establish the degree of mutual impact among
different product technology criteria, the paper uses
the method of collating the technical words of patents.
First of all, the technical words and part/component
words possessed by each technical field and their
normalized numerical values are calculated, further
finding out the total number of occurrence times of a
technical field’s technical words and part/component
words repeatedly occurring or having the same
definitions in another field as well as the sum of their

normalized numerical values. Then, divide the sum of
normalized numerical values of another technical
field’s technical words and part/component words
repeatedly occurring or having the same definitions in
the main technical field by the total normalized
numerical value of the main technical field’s technical
words and part/component words, obtaining the ratio
of the normalized numerical value defined by the
paper, which is expressed as equation (9).

Sum of normalized numerical values
of another technical field’s technical
words and part/component/element

words repeatedly occurring or having = Ratio of (9)
the same definitions in the main normalized
technical field numerical value of
Total normalized numerical value technology

of the main technical field’s
technical words and
part/component/element words

According to the ratio of normalized numerical
values, the degree of pairwise impact among the 6
product technology criteria is used to determine the
degree of impact among different product technology
criteria. The patent technical words of criterion b.
structure near lamp handle repeatedly occurring or
having the same definitions in criterion a. support
holder structure are LED, handle, install, mouth cavity
light, holder ... etc., having a ratio of normalized
numerical value at 21.16% in criterion a, as shown in
Table 8.

Table 8 Ratio of the normalized numerical values of
criterion b’s technical words in criterion a

Occurred technical Normalized numerical
word value
LED 0.002423
handle 0.001533
install 0.000816
mouth cavity light 0.000542
holder 0.000204
Account for 21.16%

Following the above example, calculate the
ratios of normalized numerical values among other
product technology criteria, and form a matrix of ratio
of normalized numerical values among 6 product
technology criteria, with its calculation results shown
in Table 9.

Table 9 Matrix of ratio of normalized numerical values among 6 product technology criteria of dental light

a. b. c. d. e. f.
a. 100% 19.71% 23.68% 15.47% 31.46% 9.21%
b. 21.16% 100% 41.97% 42.61% 38.53% 17.26%
c. 19.38% 47.65% 100% 58.39% 52.98% 54.91%
d. 13.27% 33.49% 44.21% 100% 16.85% 25.67%
e. 26.37% 31.23% 46.67% 20.31% 100% 19.57%
f. 7.14% 13.36% 32.77% 38.52% 13.40% 100%
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[Step 5] Establish a direct relation matrix Z.

First of all, determine that the relationship of the
degree of mutual impact among product technology
criteria is at the value of 0~4, with 0 indicating “no
impact”, 1 indicating “low impact”, 2 indicating “me-
dium impact”, 3 indicating “high impact”, and 4 indi-
cating “extremely high impact”. According to the total
normalized numerical value of the patent technical
words among different criteria, the ratio of normalized
numerical values of the patent technical words repeat-
edly occurring or having the same definitions in the
criteria is reviewed in terms of physical meaning and
range of intervals. Through the fuzzy set’s attached tri-
angular membership function, the ratio value of nor-
malized numerical values is judged to be located at the
fuzzy zone where the 2 triangles intersect. Adopting a-
cut concept, if the membership function o = 0.5, it
belongs to 1; and if the membership function a < 0.5,
it belongs to 0. With this result, the degree of relative
importance among the criteria is evaluated and deter-
mined. After that, a direct relation matrix Z is estab-
lished. As seen from the matrix of ratios of normalized
numerical values among 6 product technology criteria
in Table 9 and as observed from the overall ratios of
normalized numerical values of different technology
criteria, 13% is taken as a fuzzy interval to make the
overall relationship results of the degree of mutual
impact at 0~4 of the ratios of normalized numerical
values among different product technology criteria
become more uniform.

As to comparison of other relative importance
scales, the calculation method aforesaid can be used to
obtain the result. The ratio of product technology
criteria to their normalized numerical values is 100%,
so that the degree of mutual impact is 0, indicating “no
impact”. Finally, a direct relation matrix Z can be
established, as shown below.

[0221211
203331
|140444
133012
224202
l113310J

Direct relation matrix Z =

[Step 6] Establish a normalized direct relation matrix.

From the obtained matrix Z and based on
equation (10), find the greatest total value S in
columns, and the value is 17. Divide matrix “Z” by 17,
obtaining a normalized direct relation matrix “X”, as
shown below equation (11).

S = (max Z}LlZU ’ lrél]as);zzlleU) =14+44+0+

1<isn

4+4+4=17 (10)
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022121
203331
140444
133012
[224202J
113310

A normalized direct relation matrix is obtained.
0 0.1180.118 0.059 0.118 0.059]

Z 1
X=="==
N 17

(11)

0.118 0 0.1760.176 0.176 0.059
0.0590.235 0 0.2350.2350.235
0.0590.176 0.176 0 0.0590.118
0.1180.118 0.2350.118 0 0.118
0.059 0.059 0.176 0.118 0.059 0

[Step 7] Establish a direct/indirect matrix.

X =

The calculation of direct/indirect matrix T is
shown as follows:

T=X(1I-X)"1 (12)

where | denotes the unit matrix, and X denotes
the normalized direct relation matrix.

1.122 0.312 0.348 0.280 0.299 0.235
[0.279 1.303 0.502 0.471 0.427 0.317]
0.289 0.588 1.473 0.627 0.553 0.537
0.2050.411 0.451 1.284 0.298 0.328

0.279 0.412 0.550 0.435 1.282 0.372
l0.186 0.296 0.422 0.407 0.268 1.207

[Step 8] Calculate the centrality and causality.

For the value of direct/indirect matrix T,
calculate the total value D in rows and the total value
R in columns according to equation (13) and equation
(14), and calculate the D+R value and D-R value, with
their results shown in Table 12.

Di denotes the total value in rows;

Di: 7':11:1](' :1, 2, ...,n) (13)
Rj denotes the total value in columns;
Rj: ?zltij(j:]., 2, ...,n) (14)

Table 10 Total value D in rows, total value R in
columns, D+R value and D-R value of 6 criteria of

dental light
Tot_al value T_otal value R D+R D-R
D in rows in columns
a 1.598 1.362 2,959 | 0.236
b 2.300 2.322 4.622 | (0.022)
c 3.069 2,747 5.816 | 0.322
d 1.977 2.504 4.480 | (0.527)
e 2.329 2.128 4,457 | 0.201
f 1.786 1.996 3.782 | (0.210)

[Step 9] Draw a causal diagram

After that, according to the causal diagram
established in Step 8, draw the 6 criteria on the
coordinate axes based on (D+R, D-R). Through the
average value of centrality (D+R), draw a vertical
axis to divide the causal diagram into four
quadrants.The contants of the 4 quadrants of causal
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diagram shown in figure 3.

Subsequently, according to the causal diagram
established in Table 10, draw the 6 criteria on the
coordinate axes based on (D+R, D-R). Through the
average value 4.353 of centrality (D+R), draw a
vertical axis to divide the causal diagram into four
quadrants (as shown in Figure 4), with the existence
criteria of each quadrant shown as follows:

As known in Figure 4, when the 6 product technology
criteria of dental light are to be discussed, the

-

I

This quadrant of factors is  somewhat
independent with some influence on the factors,
but cannot be influenced easily.

Combines with the Modified Fuzzy DANP.

technologies of criterion c. light source arrangement
and criterion e. light source irradiation range existing
in the 1st quadrant are core technologies. Criterion
a. support holder structure exists in the 2nd quadrant.
Criterion f. light source brightness exists in the 3rd
quadrant. Criterion b. structure near lamp handle and
criterion d. light source heat dissipation existing in
the 4th quadrant are the product function criteria that
can be easily affected by other criteria.

R

High I
This quadrant of factors is critical and creates
more dynamics on other factors and on the
problem.
Any actions taken on this type of criteria have
wide-range impact on the other effect factors,

Low

This quadrant of factors is kind of independent.
It affects and is affected by few of the other
factors.

I

High
This quadrant of factors is highly affected by
other criteria and requires more attention.
However, it is not an urgent priority to he dealt
with,

D+R

Low IV

Figure 3 Contents of the

support holder
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Figure 4 Causal diagram of 6 product technology criteria of dental light

[Step 10] Normalize the direct/indirect matrix Tg.
Normalized direct/indirect matrix,

[ tu/dy ty/ds bim /iy T
T = I til;di tij:/di tim:/di |
Lm1:/dm tmj / dm tmm:/ dmj
[t £y tim |
= t:11 t}J t}:m (15)
Lrlju trln j trlr:lm,l

dy denotes the normalized value, being the total value
in rows of this criterion.
According to the equation of normalized

direct/indirect matrix T, calculate the total value of
each item in the rows of matrix T, and divide it by the
value of each item in each column, obtaining:

[0.432 0.120 0.134 0.108 0.115 0.090
0.085 0.3950.152 0.143 0.130 0.096
_ |0.071 0.145 0.362 0.154 0.136 0.132
~ 10.069 0.138 0.152 0.431 0.100 0.110 |
l0.084 0.124 0.165 0.131 0.385 0.112J
0.067 0.106 0.151 0.146 0.096 0.433
[Step 11] Transpose the normalized matrix, and
multiply it by the weight matrix.

Tc

For the pairwise comparison matrix W5 obtained
in Step 3, the transposed normalized direct/indirect
matrix T is multiplied by the pairwise comparison
matrix Ws;, obtaining a new matrix W2, and the
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calculation process is as follows:
TT X Wy = WP (16)
0.073 0.266 0.190 0.046 0.224 0.009
0.035 0.134 0429 0.114 0.301 0.016
wp=|0.031 0143 0477 0123 0316 0.026
3710026 0.141 0558 0.153 0.206 0.030
0.036 0.135 0.402 0.072 0.304 0.014J
0.021 0.089 0.532 0.141 0.165 0.034
[Step 12] Calculate the internally interdependent
prioritized weight WP after adding in fuzzy
DEMATEL.

Multiply the WP obtained in the previous step
by the Wi, achieving a new internally interdependent
prioritized weight W2.

WP xW, = WP ()]
0.181
|[0.292]
» _ 10317
We' =10.308

0.278
l0.278J

The steps from [Step 13] to [Step 18] below are
the steps of the modified fuzzy VIKOR decision
making steps.

[Step 13] Establish a matrix of different criteria to
different plans.

Use the fuzzy triangular membership function
and a-cut concept to calculate the relative importance
scale, obtaining the importance scale value of each
fuzzied product technology criterion in plans A, B and
C, as shown in Table 5. After that, using Table 5, a
matrix of a table of criterion-plan relationship is
established in Table 5, and the matrix is expressed as
fij» as shown in Table 11.

Table 11 Establishment of a table of criterion-plan

relationship
Criterion 1 | Criterion2 | ... | Criterionn
Plan 1 fi1 fi2 fin
Plan 2 f21 f22 fon
Planm fml fmz fmn

[Step 14] Normalize the matrix f;;.

Normalize the matrix f;; of the fuzzied product
technology criteria to different plans to reduce
occurrence of error.  The normalized matrix is y;;.

Yij = fij/ Z?:lfijz
1,2,.,n (18)

0.462 0.462 0.066 0.066 0.593 0.462
yi =10.076 0.076 0.531 0.531 0.531 0.379
0.379 0.531 0.531 0.531 0.076 0.076

[Step 15] Fuzzy the matrix y;;.
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After that, take an appropriate difference in y;;
value as an interval to fuzzy the matrix. ~ As observed
from the numerical values in matrix y;;, for the
difference in y;; value, 15% is taken as an interval to
make the results of relative importance scale values in
the fuzzied matrix k;; become more uniform.

Matrix y;; can be fuzzied to become matrix
as shown below.

771197
[kij]=[339997]
7 9 9 9 3 3

[Step 16] Determine the ideal solution and non-ideal
solution.

kl']',

Confirm the numerical values of the most ideal
solution and the least ideal solution in each evaluation
criterion.  Of them, k; denotes the positive ideal
solution, implying to the greatest value among
different criteria; and k; denotes the negative ideal

solution, implying to the smallest value among
different criteria. The ideal solution and non-ideal
solution can be obtained from equations (19) and (20).

k;‘ = miax{ki]-, ...,km]-} » j=12,..,n (19)
k]'_ = miin{kij, ,km]} ’ ] = 1,2, e, 1 (20)
Find the sets k;” and k;":
ki" ={ki, k3, k3, ki, ks, kg }
={7,9,9,9,9,7}
ki~ = {ki, k3, k3, kg, ks, k§'}
={3,3,1,1,3,3}
[Step 17] Calculate the distance ratio of each optional
plan to ideal solution and non-ideal solution.

For this step, calculate the distance ratio of each
optional plan to ideal solution and non-ideal solution.
Of them, S; denotes the distance ratio of a plan to
ideal solution; R; denotes the distance ratio of a plan
to non-ideal solution. The paper uses fuzzy DANP
method to obtain the relative weight w;, which
denotes the relative weight among different evaluation
criteria.  Then, transpose matrix W2 derived by the
paper using fuzzy DANP method to form (W2)T.

Si =Yoo [(kf —kij)/(kf = k7)) (22)

R = max [(kf —kij)/(kf — k7)1 (22)
w; = (WLP)T = Wy, w3, W3, Wy, Ws, W]
=[0.181,0.292,0.317,0.308,0.278,0.278 ]

After calculation, [S]; and [R]; are obtained as
follows:

0.669 0.317
[S]i=1,2,3 = [0473 [R]i:1’2’3 = [0292]
0.556 0.278

[Step 18] Calculate the comprehensive index.
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Calculate the comprehensive index Q;, which is
expressed as equation (23). The smaller the compre-
hensive index value, the more prioritized the optional
plan. In the equation, v denotes the coefficient of
decision-making mechanism. For the fuzzy VIKOR
method, v is set to be 0.5, with:

S*=minS; > §S” =maxS; > R* =minR; > R~ =
L L L
max R;
L

Si—S*

o =v[E= |+ - [2E] (29)

R™-R*

After calculation, [Q]; is obtained as follows:

1

[Qli=123 = [0-179l

0.211
After conducting mathematical calculation of
the modified fuzzy VIKOR, the paper obtains 3
comprehensive indices for product technology
improvement plans, namely 1, 0.179 and 0.211. The
priority order of importance is plan B > plan C > plan
A. When the comprehensive index value Q of a planis
closer to zero, it implies to a closer distance from the
ideal solution, so it is the best optional plan, i.e. plan
B, “lampshade structural technology + lamp control
technology”, which is selected as the best product
technology improvement plan for dental light. The
reason for this can be explained by the causal diagram
produced from the modified fuzzy DEMATEL. In plan
B, there are criterion c. light source arrangement and
plan e. light source irradiation range, which both lie on
the 1st quadrant in the causal diagram. According to
the description of each quadrant, the criteria in thelst
quadrant have the broadest impact on other criteria.
From a design perspective, plan B is the most
prioritized technology improvement plan. As seen
from the example of dental light, the use of fuzzy
VIKOR method enables quantitative evaluation and
presentation ways on the degree of mutual impact
among product technology criteria, and provides
designers with clear indices in judgment. Through the
match of causal diagram and fuzzy VIKOR, the entire

evaluation process is more accurate.

CONCLUSION

Through search of the dental light-related
patents, the paper further establishes a technical/
functional matrix of dental light. Taking the technical
fields of the technical/functional matrix as a basis for
preliminary design, different technical fields of dental
light are taken as the criteria of the modified fuzzy
DANP. Among them, in the modified fuzzy VIKOR
method that combines with the modified fuzzy DANP
method, triangular membership function is used.
Through the word segmentation system, the paper
finds the technical words and part/component word
groups of each technical field of dental light. After that,
the 3 main technologies belonging to the 1st-layer
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technologies of the technical/functional matrix of
dental light form 3 technology improvement plans
with technological interdependence. After normaliz-
ing the direct/indirect matrix of the modified fuzzy
DEMATEL, the paper substitutes it into the modified
fuzzy ANP, obtaining the results of the modified fuzzy
DANP. The paper calculates the interdependent
prioritized weight W2 of the modified fuzzy DANP,
and further applies it to calculation of the modified
fuzzy VIKOR method’s distance ratio of each optional
plan to ideal solution and non-ideal solution. Finally,
the paper calculates the comprehensive index Q; so
as to decide and select the most prioritized optional
plan. After mathematical calculation of the modified
fuzzy VIKOR method of the modified fuzzy DANP
method, 3 comprehensive indices of product technol-
ogy improvement plans are obtained. The priority
order of importance is plan B > plan C > plan A. Plan
B, “lampshade structural technology + lamp control
technology”, which is selected as the best product
technology improvement plan being most suitable for
dental light.
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