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Abstract: New interval clustering technology for symbolic data analysis (SDA) on smart phones is
shown to be beneficial for mobile computing devices for smart data analysis in this paper. A new
interval clustering method that combined the rough set with interval possibilistic fuzzy C-means
(IPFCM) algorithm under Euclidean distance is proposed and implemented on smart phones. Sym-
bolic clustering algorithms (SCAs) have been widely used for pattern recognition, data mining,
artificial intelligence, etc. In general, the SCA is unsupervised classification that is divided into
groups according to symbolic data sets. However, the traditional interval fuzzy C-means (IFCM)
clustering method still has noisy and data overlapping problems associated with these symbolic inter-
val data. Hence, a new rough set with the interval possibilistic fuzzy C-means (RIPFCM) clustering
algorithm with Euclidean distance was proposed to address the symbolic interval data (SID). That
is, the proposed method can perform better than the traditional IFCM clustering algorithm for SID
clustering in noisy environments and with data overlapping problems. The new RIPFCM algorithm
under the Euclidean distance method was proposed to deal with SID on new applications in smart
phones. Consequently, this method shows the expansion of the smart phone’s computing power and
its future application in new SDA.

Keywords: rough set; symbolic data analysis; fuzzy clustering; interval possibilistic fuzzy C-means
clustering algorithm; smart phone

1. Introduction

In general, smart phones have better computing ability and connectivity to other
devices than tradition phones. Their computing ability is similar to a personal computer
in their ability to easily install and remove apps. Moreover, it is easy to use the internet
via Wi-Fi and establish wireless connections via blue tooth and mobile broadband [1]. On
the other hand, smart phones are small in size and easy and convenient to carry. In recent
years, some popular mobile operating systems use Google’s Android systems, Apple’s iOS
and Microsoft’s Windows mobile systems [2]. The Windows mobile system (WMS) are
developed to streamline the operating system for mobile products. That is, the WMS is
designed to be as close as possible to the desktop version of Windows operating systems.
At the same time, the WMS can, in combination with hardware, form the Windows mobile
platform [3]. The .NET Compact Framework (CF) has two components, namely Common
Language Runtime and .NET CF class library. At the same time, the NET CF also has
support Visual Basic .NET and C# language. Hence, Microsoft’s WMS is easy to connect to
Microsoft’s Azure under C#. On the other hand, Azure app service mobile apps (AASMA)
represents the development of integrating a rich set of features into mobile apps. It can
accelerate the development of mobile applications. At the same time, it is easy to add data
storage in the cloud, allows enterprise or social authentication, enables push notifications
and offline syncing, and can scale to millions of devices simultaneously [1]. This paper

Appl. Sci. 2022, 12, 5195. https:/ /doi.org/10.3390/app12105195

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app12105195
https://doi.org/10.3390/app12105195
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://doi.org/10.3390/app12105195
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12105195?type=check_update&version=2

Appl. Sci. 2022,12, 5195

20f16

uses C#, which is compatible on AASMA for program development [4]. Hence, in this
paper, we use C# language for the proposed interval clustering method to develop Win-
dows mobile software applications. The era of the “touchscreen generation economy” is
coming, and professional data analysis can be done at any time at the touch of a finger.
Therefore, the development of AI methods on mobile platforms is currently a hot research
field [5,6]. Kumari et al. [7] proposed the evaluation of machine learning and web-based
processes for damage score estimation of existing buildings. Isik et al. [8] proposed pre-
cision irrigation systems using sensor network technology integrated with iOS/Android
applications. Isik et al. [9] proposed the application of iOS/Android-based assessment and
monitoring systems for building inventory under seismic impact. Harirchian et al. [10]
proposed a prototype for the machine learning-based earthquake hazard safety assessment
of structures by using a smartphone app.

In general, new interval clustering technology using the symbolic data analysis (SDA)
method on smart phones is beneficial to mobile computing devices for smart data analysis.
However, few studies have been published on this topic [11]. Hence, combining the rough
set with the interval possibilistic fuzzy C-means (RIPFCM) algorithm under Euclidean
distance is proposed and is implemented on smart phones in this paper. Symbolic clus-
tering algorithms have been widely used for pattern recognition, data mining, artificial
intelligence, etc. Therefore, this paper proposes a new interval fuzzy C-means clustering
method to address symbolic interval data and the expansion of smart phones’ computing
power for new symbolic data analysis. That is, SDA and the expansion of smart phones’
computing power is an important research topic in mobile computing and data analysis.
The symbolic interval clustering algorithm involves unsupervised interval clustering that is
divided into groups according to symbolic data sets. That is, analysis of interval data under
fuzzy analysis requires a Type Il fuzzy set [12] or interval fuzzy C-means (IFCM) clustering
method [13]. Carvalho [13] extended the fuzzy C-means (FCM) clustering method and
proposed an IFCM clustering method for symbolic interval data (SID) to conduct SDA.
Jeng et al. [14,15] proposed an interval competitive agglomeration clustering algorithm. In
general, the IFCM clustering method was proposed to deal with SID [13]. However, outliers
and noisy problems are still associated with these SID. Chuang et al. [16] proposed a Haus-
dorff distance measure based an interval fuzzy possibilistic C-means (IFPCM) clustering
algorithm for clustering SID. Jeng et al. [17] proposed an interval possibilistic FCM (IPFCM)
clustering method for clustering SID. Because traditional IFPCM and IPFCM methods still
have data overlapping problems for these SID, a novel IFCM clustering method that is
roughly based on an interval possibilistic FCM (RIPFCM) clustering algorithm with Eu-
clidean distance was proposed. The proposed method can outperform the IFCM clustering
algorithm for SID clustering in noisy environments and for data overlapping problems.
That is, we combined the rough set with the IPFCM algorithm under Euclidean distance for
SID. We also extended the application of smart phones using machine learning and fuzzy
clustering for SID. Finally, the contribution of the proposed RIPFCM clustering algorithm
used the derived fuzzy membership degree (FMD) and possibilistic membership degree
(PMD) formulas to enhance the proposed clustering method in SID that has noisy and data
overlapping problems. An additional contribution is the successful implementation of the
proposed clustering method on smart phones for new applications in mobile computing
and data analysis.

The organization of the rest of the paper is as follows. In Section 2, a rough interval pos-
sibilistic fuzzy C-means clustering algorithm is proposed and discussed. The experimental
results are shown in Section 3. Finally, the conclusions are summarized in Section 4.

2. Proposed Rough Interval Possibilistic Fuzzy C-Means Clustering Algorithm with
Euclidean Distance

In general, fuzzy clustering and FCM clustering have been widely used in pattern
recognition, data mining, machine learning, artificial intelligence, etc. [18-20], with single-
valued data. In order to improve performance, it can be developed from the perspective of
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rough set and FCM clustering integration. Hence, Zhao and Zho [21] proposed combining
FCM clustering with fuzzy rough feature selection to conduct single-valued analysis.
A rough set-based generalized FCM clustering algorithm was also proposed to address
single-valued data [22]. In general, interval-valued data appear differently on single-valued
data, representing uncertainty in the observed values. That is, the representation of interval-
valued data is better able to handle the uncertainty of the data than single-valued data.
Hence, the extended FCM clustering method which can deal with interval-valued data,
is helpful for generalizing the applications of FCM clustering. In order to extend the
interval-valued data analysis, a RIPFCM clustering algorithm with Euclidean distance
data that extended [22] to interval-valued data analysis is proposed in this paper. The
proposed RIPFCM clustering algorithm with Euclidean distance uses the concepts of the
crisp lower approximation with A(g;) and fuzzy boundary B(g;), as shown in Figure 1.
This is, if the datasets of x; for k = 1, ..., n belong to crisp lower approximation with
A(gi) fori =1, ..., ¢, the FMD u; and PMD t; are equal one; otherwise, the datasets
belong to fuzzy boundary, and the FMD u;; and PMD t;; are between zero and one. Hence,
the proposed RIPFCM clustering algorithm with Euclidean distance combines the rough
set and IPFCM clustering algorithm with Euclidean distance in this paper.

— 2 __7/—?/ —> Cluster g,
/ /i/ Crisp Lower Approximation

A(g)with u, =land 7, =1

1

1

! > Fuzzy Boundary B(g.) with
vy !

/{ . 1, —[0.1]and 7, >[0.1]
/\/_ _////7_/7// > Upper Approximation j(g,)

includes A(g,) and B(g,)

— > Other Clusters with #, =0
and rl/c =0

U, . fuzzy membership t,. . possibilistic membership
Figure 1. The concept of the RIPFCM.

The new objective function Jy;, sy is based on a squared Euclidean distance between
vectors of intervals; it includes the crisp lower approximation with A(g;) and fuzzy bound-
ary B(g;) given in Equation (1) and the constraints are given in Equation (2).

wXx A+ xByif A(gi) # 9, B(gi) # 9
]riprm(G/ UrT,X) = { Ay, if A(gi) #9, B(gi)) =9 (1)
By, if A(gi) = 2, B(gi) # @
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i=1k=x,cA(g;) =1 k=x;€A(gi)

p . ) . N\ 2 c n
{1 (i)™ + q2(ti)"} 2 (ﬂi - 0‘5) + (bi - ﬁi) + Zri E (1—ti)"
j=1 =1 k=xx€A(gi)

o RRURTAPolC Y AR
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By = i i {q1(ui)"™ + q2(ti)" } P (?k,a«) +Y Y -ty

k=xc€B(gi) i=1  k=x,€B(g;)
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In Equation (1), A1 is the crisp lower approximation, B is fuzzy boundary, w and w are
the weight of crisp lower approximation and fuzzy boundary, w + @ = 1, & is the empty
set, u;; is the FMD of pattern k in the ith cluster, U = [u;] is a ¢ X n matrix, m € [1, +-00] is
a fuzzy parameter that controls the FMD for each pattern k, ¢;; is the PMD of pattern k in
the ith cluster, T = [t;] is a ¢ x n matrix, 57 € [1, +o0] is a parameter that controls the PMD
for each pattern k, and r; is the similarity of the possibilistic fuzzy C-means defined in [17]
and given in Equation (3).

ri= ' : 3)

In this paper, the Euclidean distance measure is used as an interval measure and

defined as below: )

- = i i\ 2 ; N\ 2

Pe(¥y ) = 2[(#—&5) + (v, - B)) } )
=

In Equation (4), ¢r (?k, 51) is the square of a suitable Euclidean distance that measures
the dissimilarity between the vectors of the symbolic interval-valued data. Each pattern k

is represented as a vector of intervals ?k = (x,l, e, x,f ) where ?k = [a;(, bﬂ with ai < bi.
The prototype § ; can be also represented as a vector of intervals (g7, ..., g{: s gf ) where
§Z = [a{:, ﬁﬂ with zxf: < ﬁi [13]. The core concept of rough set is as specified in [23,24], and
the applications of rough set are as specified in [25,26]. In this paper, the proposed RIPFCM
clustering algorithm combines the rough set, interval Euclidean distance measure, and
IPFCM clustering algorithm.

The optimization problem of the proposed method can be addressed by minimizing

the Lagrange multipliers method for the objective function J;;,¢c;,,- The new unconstrained
optimization problem is obtained as:

C n . .

) (fhu?ﬁ + th?k) i [(“i - "‘?)2 + (bi - ﬁ;)z] +/i;7’iki (1—ty)" — ki Ak (i% Uik — 1) : )
1 i1 k=1 -1 \i=

i=1k= j=1

. . .. Fipfem
The FMD u; is considered for the minimum problem that #’;” is equal to zero.

Hence, to obtain an updated equation for the FMD u;, Equation (5) can be rewritten

as follows: ) ) )
maqy iy ]El {(“k Dél> + (bk ﬁl) } A =0 ©)
fori=1,...,candk=1, ..., n
Therefore, the solution of Equation (6) for FMD u;; can be rewritten as follows:
=1
A

mqy % [(a{{ — a{)z + (b;{ — ,Bi)z}

j=1



Appl. Sci. 2022,12, 5195

50f16

In order to simplify FMD u;, Equation (7) can be substituted into Equation (2),
as follows:

_1
m—1

C /\k

X — — =1 ®)
s=1 mqué [(ai - zx’s)Z + (bi - ﬁé)z]

According to Equations (7) and (8), the updated equation for the FMD u;;, is obtained
as follows:

)

. . . oF, ripfem o
The PMD t;; is also considered for the minimum problem that —5p ’]: is equal to

zero. Hence, to obtain an updated equation for the PMD t;, Equation (5) can be rewritten
as follows:

p . N\ 2 . N\ 2
-1 _
naath ' Y [(ai —«]) + (v, -] } (=) =0 (10)
j=1
The solution of Equation (10) for PMD t;; can be rewritten as
1
tie = - (11)

The prototype ;i = (g},...,87) of the ith cluster, which minimizes the objective
function J;,fcm, has the bounds of the interval zz = {a;, ‘Bﬂ (j=1,...,p). Hence, the

updated formula for the prototype ;Z under the proposed method is as follows:

L ZUXC1+ZBXD11fA(gZ)7é®, B(gl);ég
giripfcm = Ci, lfA(gl) 7é 9, B(gi) =0 (12)
Dy, if A(gi) =9, B(gi) #9
9 n : . . n .
m0s 2 v (doa) 0=y B
Cl - o k:xkeA(g[) k—xkEA(g,)
M 0= 2(gi+a) 3y (V—p)=0=p8 = 1 5 b
%! (4144 )k—xkeA(gi)( L= #) Pi = Tt tox A "
2B, _ " m (g o) — i _ po
0= 2 X {1 (ui)™ + q2(tix) }(ﬂk—ﬂéi) =0=a; =D,
Dl = & k:xkeB(gi) )
i o g
B-0=>-2 ¥ {%(uik)er%(fz’k)"}(bi—[3{») =0=pg = D
9; k=x,€B(8;)
where DT{ _ Yiy (g 191 ()" +2(ti)" }a and Df{ _ Yi v (g 191 (i) " +2(ti)"

Y, en(ep 19 ()" +a2(ti)" } Y en(gp L9 (i) " +a2(ta) T}

Let pjx = (q1uix + gatix) and then let pj and pg be the highest and second highest
memberships of x; for k = 1, ..., n, respectively. If (u; —ug) > J, then x; € A(gi),
as well as x; € A(g;); otherwise, x; € A(g;), and x; € A(gs), where ¢ is the weight of
the rough degree. Algorithm 1 shows the procedure of the proposed RIPFCM clustering
algorithm with Euclidean distance.
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Algorithm 1 The procedure of the proposed RIPFCM clustering algorithm with Euclidean distance is shown in the following steps.

Step 1: Initialization for fix ¢ between 2 < ¢ < n; fix m between 1 < m < oo; fix 7 between 1 < 11 < c0;
fix e > 0; fix  between 0 < § < (g1 + q2); fixwand W, w4+ w = 1;
set iteration counter to [ = 1 and limit the number of iterations to L.
Initialize the FMD u;;; initialize the PMD t;;.
Step 2: Estimate r; using Equation (3).
Step 3: Let pj = (qruj + qati) fori=1, ..., cand k=1, ..., n; then, let y;; and pg be the highest and second highest
memberships of x fork =1, ..., n.
If (uj — ug) > J, then x; € A(g;), as well as x; € A(g;);
otherwise, x; € A(g;), and x; € A(gs). That s,
if the datasets of xy for k =1, ..., n belong to the crisp lower approximation with A(g;) fori =1, ..., ¢ then FMD u;, and
PMD tj; equal one;
otherwise,
they belong to the fuzzy boundary of FMD u;;, and PMD t;; between zero and one.
Step 4: Update the prototypes ; ; using Equation (12).
Step 5: Update the FMD u;; and the PMD ¢;; using Equations (9) and (10).

Step 6: if ( ]ii;}fcm — ]iipfcm < eor! > L), then Stop.

Otherwise, | = [ + 1 and go to Step 3.

Remark 1. The proposed method combines the rough set and IPFCM. The rough set can easily deal
with data that includes overlapping problems in the data set. The IPECM can easily deal with data
that includes noise and outlier problems in the data set. Step 3 of Algorithm 1 involves judgement
under the rough set to determine which formula to use. Step 4 and 5 of Algorithm 1 uses the derived
formula. When data have no overlapping problems, such as in cases 1 and 3, the data set focuses on
noise and outliers, and fewer data are needed to use the rough set. Hence, less improvement of the
proposed method can be seen, as shown in Table 2. When data have overlapping problems, such as
in cases 2 and 4, the data set focuses on overlapping problems, and more data are needed to use the
rough set. Hence, a large improvement of the proposed method can be seen, as shown in Table 2.

3. Experimental Results

Root mean squared error (RMSE) was used to calculate the true cluster center and
corresponding cluster center, as follows:

RMSE = (13)

where v; is the true cluster center and v; is the corresponding cluster center. For further
detail on the generation of SID, refer to [14,15,17]. Some preliminary results are published
in the 22th International Symposium on Advanced Intelligent Systems [11]. The full
derivation and experimental results are presented in this paper. The proposed experimental
architecture is shown in Figure 2. There are four cases using SID in this paper. Case 1 used
three clusters in SID, and SID had no overlapping problems. In Case 1, SID had outliers
and noise. Because different data sets were used, Case 1 was divided into Case 1a and
Case 1b. Case 1a considered the SID with outliers. Figure 3 shows the SID with outliers in
Case 1a.

In order to build the interval data sets, they were herein defined as
(21 =71/2,21 4+ 71/2], (22 — 72/2,22 4+ 72 /2]), from which 7; and 7, were drawn ran-
domly from the intervals specified in [14,15], respectively. The name and version of the
software developed in this paper is Mobile RIPFCM V1.0. The mobile platform displayed in
Figure 4 has three subpages, namely the main windows page in (a), the initial results page
in (b) and the final results page in (c). The main windows page shows the information on
parameters, the initial results page shows the initial state of this case, and the final results
page shows the results after the iteration of Algorithm 1. IC is represented as the iterated
counter in Figure 4. OFV is represented as the value of the object function in Figure 4. The
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design of the smart phones shown in Figures 6, 8, 13-16 is the same. The three colors of
the center were red, green, and blue on the initial results page. The final results page also
used the different colors to represent the results of each class of SID. The parameters of the
RIPFCM clustering approach on the Windows mobile phone are m = 2,11 = 2, q; = 0.3,
g2 = 25, and & = 1.5, the number of iterations is 300, and the number of clusters (nc) is 3 for
Case 1a, as shown in Figure 4a. The initial state for the proposed mobile RIPFCM approach
is shown in Figure 4b, and the final results are shown in Figure 4c for Case 1a.

Case 1b considered the SID with outliers and noise. Figure 5 shows the SID with
outliers and noise for Case 1b.

The parameters of the RIPFCM approach on the Windows mobile phone are m = 1.4,
n=1741 =0.3, 9, =18, and 4 = 1.6, the number of iterations is 300, and the nc is 3 for
Case 1b with noise and outliers, as shown in Figure 6a. The initial state for the proposed
mobile RIPFCM approach is shown in Figure 6b, and the final results are shown in Figure 6¢
for Case 1b with noise and outliers.

zl‘
60
504
404
Rough Set with :‘:
Interval Possibilistic 10
Fuzzy C-Means 1
(RIPFCM) I,
. s 0 10 20 30 40 50 60 70 1
CluSte rlng Algorlthm main windows l initial results I finally results |

Smart Phone

Figure 2. The proposed experimental architecture.
-

60 -

50 - g

40+

z2

30+

—] EH——IEE
20F e

L1

z1

Figure 3. SID with outliers in Case 1a.



Appl. Sci. 2022,12, 5195

8 of 16

s | Mobie RIPFCME V10 e Y 4< X

e | Mobile RIPFCME W10 ap Yx o X s | Mobile RIPFCME VIO e

Eta:

[loading file | | RIPFCME |
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H Delta:
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1C
IC

1
1

IC = 12, OFY =800131.36418]
IC = 13, OFY =799744, 237179
IC = 14, OFY =799303,270644
IC = 15, OFY =7399007,445484
IC = 16, OFY =799004.676995—
17, OFY =799004,634390
g, OFY =790004.633713
9, OFY =790004.6337017

. d

Dlﬂlﬂ'jl]dﬂil]ﬁl]?ﬂﬂ Dlﬂlﬂ]ﬂ‘iﬂiﬂﬁﬂ?ﬂ

main windows | initial resulks | finally results

main windows | initial resulks | finally resulks | main windows | initial results | finally results ’_
i

(a) (b) (c)

Figure 4. (a) The parameters of the main window, (b) the initial results window showing symbolic

data with the initial center, and (c) the final results window showing the results with outliers for
Case 1a.

80 -
70

&0

50

40

z2

a0

20

Les, W

a0 &0 70 g0 a0

z1

Figure 5. The SID with outliers and noise for Case 1b.

Case 2 used three clusters in SID, and the SID had overlapping problems. In Case 2,
the SID had outliers and noise. Case 2, similar to Case 1, was divided into Case 2a and
Case 2b in accordance with the different data sets. Case 2a represents SID with outliers.
Figure 7 shows the SID with outliers for Case 2a.

The parameters of the RIPFCM approach on the Windows mobile phone are m = 2,
n=15,g91 =0.5, g, =25, and 4 = 0.9, the number of iterations is 300, and the nc is 3 for
Case 2a, as shown in Figure 8a. The initial state for the proposed mobile RIPFCM approach
is shown n Figure 8b, and the final results are shown in Figure 8c for Case 2a.



Appl. Sci. 2022,12, 5195

9o0f 16

i Delta:
Eta:

IC = 12, OFY =1452460,05503 «
IC = 13, OFY =1452034. 26630 |
IC = 14, OFY =1451619,94 103
IC = 15, OFY =1451519, 29663
IC = 16, OFY =1451517.941758—
IC = 17, OFY =1451517.90631=
IC = 18, OFY =1451517.90533—
IC =19, OFY =1451517.90533 ™

% Mobile RIPFCVE VLD e Yo 4<
[loading file | | RIPFCME |
nc [ gl
iter:  [zon| o2

ST

plop,

:;, Mobile RIPFCME 1.0

Lo,

g

o

-»

10 20 30 40 30 &0 W,

11‘
IH - §i &
ol L w1

[ 1] =

g e 2
0 10 20 30 40 30 60 70

zl
finally results |_

main windows |

main windows | initial results | fimally resulks
”

(a)

main windows | initial results | finally results
T

—_—

(b)

initial results |

o

e

(c)

Figure 6. (a) The parameters of the main window, (b) the initial results window showing the symbolic

data with the initial center, and (c) the final results window showing the results with outliers for

Case 1b.
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Figure 7. The SID with outliers for Case 2a.

z1

Case 2b considered SID with outliers and noise, and the SID had overlapping problems.
Figure 9 shows the SID with outliers and noise for Case 2b. In this case, a numerical
example also illustrated the IFCM, IPFCM and RIPFCM under Euclidean distance.

We used Matlab to simulate this case. The number of iterations was 300. The results of
IFCM with parameter m = 2 for Case 2b are shown on Figure 10. The results of IPFCM
with parameters m = 1.9, = 2, g1 = 1, and g = 25 for Case 2b are shown on Figure 11.
The results of RIPFCM with parameters m = 2,11 = 1.3,4; = 0.3, 92 = 22, and 6 = 3.5
for Case 2b are shown on Figure 12. The RMSE results with IFCM, IPFCM, and RIPFCM
under Euclidean distance are shown in Table 1.
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Figure 8. (a) The parameters of the main window, (b) the initial results window showing the symbolic
data with the initial center, and (c) the final results window showing the results with outliers for
Case 2a.
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Figure 9. The SID with outliers and noise for Case 2b.

Table 1. Comparison of RMSE for IDS4 with different approaches.

IFCM [9]
10.2120

IPFCM [13]
4.6490

RIPFCM
1.1871

RMSE

In this case, the parameters of the RIPFCM approach on the Windows mobile phone
arem =2,m=13,91 = 0.3, 92 = 22, and 6 = 3.5, the number of iterations is 300, and the
nc is 3 for Case 2b with noise and outliers, as shown in Figure 13a. The initial state for the
proposed mobile RIPFCM approach is shown in Figure 13b, and the final results are shown
in Figure 13c for Case 2b with noise and outliers.
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Figure 10. The results of IFCM with parameter m = 2 for Case 2b.
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Figure 11. The results of IPFCM with parameters m = 1.9, = 2, 41 = 1, and g, = 25 for Case 2b.
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Figure 12. The results of RIPFCM with parameters m = 2,1 = 1.3, q; = 0.3, g2 = 22, and 6 = 3.5 for

Case 2b.
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Figure 13. (a) The parameters of the main window, (b) the initial results window showing the

symbolic data with the initial center, and (c) the final results window showing the results with outliers
for Case 2b.

Case 3 used six clusters in SID, and the SID had no overlapping problem. In Case 3,
the SID had outliers and noise. Case 3a considered SID with outliers. The parameters of the
RIPFCM approach on the Windows mobile phone arem = 12,1 =1.5,9; = 1,42 = 10,and
& = 0.5, the number of iterations is 300, and the nc is 6 for Case 3a, as shown in Figure 14a.
The initial state for the proposed mobile RIPFCM approach is shown in Figure 14b, and the
final results are shown in Figure 14c for Case 3a.
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Figure 14. (a) The parameters of the main window, (b) the initial results window showing the
symbolic data with the initial center, and (c) the final results window showing the results with outliers
for Case 3a.

Case 3b considered SID with outliers and noise. The parameters of the RIPFCM
approach on the Windows mobile phonearem =12,1=2,q; =1, =8,and = 1.5,
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the number of iterations is 300, and the nc is 6 for Case 3b with noise and outliers, as shown
in Figure 15a. The initial state for the proposed mobile RIPFCM approach is shown in
Figure 15b, and the final results are shown in Figure 15¢ for Case 3b with noise and outliers.
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Figure 15. (a) The parameters of the main window, (b) the initial results window showing the
symbolic data with the initial center, and (c) the final results window showing the results with outliers
for Case 3b.

Case 4 used six clusters in SID, and the SID had overlapping problems. In Case 4, the
SID consisted of a data set with outliers and noise for data overlapping problems. The
parameters of the RIPFCM approach on the Windows mobile phone are m = 1.1, = 14,
g1 = 0.8, g2 = 11, and 4 = 1.2, the number of iterations is 300, and the nc is 6 for Case 4
with noise and outliers, as shown in Figure 16a. The initial state for the proposed mobile
RIPFCM approach is shown in Figure 16b, and the final results are shown in Figure 16¢ for
Case 4 with noise and outliers.
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Figure 16. (a) The parameters of the main window, (b) the initial results window showing the
symbolic data with the initial center, and (c) the final results window showing the results with outliers
for Case 4.
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Finally, Table 1 shows the comparisons of RMSE under four cases with different
approaches. The validity of the results for the proposed method were verified.

From the simulation results, Tables 1 and 2 show that the proposed RIPFCM clustering
algorithm has better performance than the IPFCM and IFCM clustering algorithm for the
SID clustering with noise, outliers, and overlapping problems. At the same time, this also
shows the expansion of smart phones” computing power and a possible future application
in new symbolic data analysis. Hence, the proposed method was also implemented on a
smart phone and extended the application of the smart phone in machine learning, fuzzy
clustering, and non-single-valued data analysis. In order to establish the number of clusters
to be used in each case, we used the IFCM clustering method for different numbers of
clusters. Then, we used the most suitable results to test the proposed method in order to
enhance the accuracy of the performance.

Table 2. Comparison of RMSE under four cases with different approaches.

RMSE IFCM [9] IPFCM [13] Proposed Method
RMSE of Case la 2.9519 1.4371 1.0590
RMSE of Case 1b 4.0212 1.1363 0.7626
RMSE of Case 2a 6.3297 4.7523 1.5127
RMSE of Case 2b 10.2120 4.6490 1.1871
RMSE of Case 3a 1.6043 1.3731 1.0983
RMSE of Case 3b — 1.0457 1.0457

RMSE of Case 4 — 1.8449 1.3827

— means poor CONVergence.

4. Conclusions

The new RIPFCM clustering algorithm with Euclidean distance is based on the integra-
tion of the rough set and the IPFCM clustering algorithm; it was applied to the analysis of
SID as developed in this paper. The proposed new RIPFCM clustering algorithm not only
can efficiently handle the overlapping partition problem but also shows better performance
than the IPFCM clustering algorithm in the handing of noise problems for SID. In addition,
we also combined the rough set to reduce the iteration number and increase the convergence
of the IPFCM clustering algorithm. At the same time, the proposed new method also was
implemented on a smart phone to address SID. This implementation showed the expansion
of smart phones’ computing power. Consequently, the proposed new method extended the
application of smart phones in machine learning, fuzzy clustering, and non-single-valued
data analysis and its future application in new SDA. Because the proposed method has
more parameters, it has better accuracy performance with RMSE. However, its limitation is
that it requires adjustment of the additional parameters, and thus the calculation speed of
the proposed method will be slower.
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Abbreviations

Abbreviation Meaning
AASMA Azure app service mobile apps
CF compact framework
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FCM fuzzy C-means

FMD fuzzy membership degree

IFCM interval fuzzy C-means

IFPCM interval fuzzy possibilistic C-means
IPFCM interval possibilistic FCM

PMD possibilistic membership degree
RIPFCM rough-based interval possibilistic FCM
RMSE root mean squared error

SCA symbolic clustering algorithm

SDA symbolic data analysis

SID symbolic interval data

WMS Windows mobile system
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