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Abstract

To sequentially monitor the average
and variability in a national cross-sectional
survey, fuzzy X and s charts are commonly
employed techniques that require the data to
be represented as real numbers. When
applying these methods, it becomes evident
that constructing fuzzy control charts offers
enhanced flexibility, greater mathematical
convenience, and more rational outcomes
compared to traditional quality control chart
methods. In this study, we have introduced
fundamental concepts and key insights
related to the use of control charts within a
fuzzy framework for the purpose of
monitoring sequential variations in both
average and variability. Our specific focus
has been on assessing vitamin deficiency
among children aged 1-5 years in India by
analyzing data obtained from the most
recent nutritional survey.
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I. INTRODUCTION

UNICEF reports that approximately one-third of children do not receive the necessary
Vitamin A supplementation. According to WHO guidelines, roughly 190 million preschool
children suffer from Vitamin A deficiency, with the majority residing in the African and
Southeast Asian regions. The World Bank has asserted that Vitamin A supplementation is a
cost-effective measure to enhance the survival of preschool children. Vitamin A deficiency is
linked to around 65,000 early childhood deaths annually due to malaria, measles, and other
infections. A randomized controlled study conducted in South India demonstrated that
children given small weekly doses of vitamin A had a risk of death less than half that of the
control group. Moraditadi [1] explored the use of fuzzy control charts with triangular and
trapezoidal fuzzy numbers, implemented through MATLAB software, to address
uncertainties in process parameters and data modes. The study indicated that fuzzy control
was more sensitive compared to traditional control charts. Chen and Yu [2] applied a fuzzy
approach instead of traditional control charts, using fuzzy rules to construct corresponding
fuzzy zone control charts, which showed superior performance to classical control charts.
Tadi and Darestani [3] investigated the fuzzy moving range control chart when data were
transformed into trapezoidal fuzzy numbers using fuzzy mode and fuzzy rule approaches.
The results were categorized as in control, out of control, rather in control, and rather out of
control. Sogandi et al. [4] developed a novel fuzzy control chart for monitoring attribute
quality characteristics based on the a-level fuzzy midrange approach. The performance and
comparative results of the proposed fuzzy control chart were evaluated in terms of average
run length (ARL) using Monte Carlo simulations.

The structure of this study is as follows. The essential elements of conventional (x
and s) control charts are presented in Section 3, which serves as the basis for our
comprehensive process of creating fuzzy x and s control charts, which is shown in Section 4.
The results and graphical presentation are shown in the following section 5, respectively.

Il. DATA AND METHODS

Data collected as part of the Comprehensive National Nutrition Survey (CNNS) in
2016-18 are used for this study. This paper proposed traditional and fuzzy control charts.

1. REVIEW OFx AND S TRADITIONAL CONTROL CHARTS

A process mean can be observed using an x-chart, but process variability can be
observed using an R-chart or s-chart. Typically, an x-chart is used in conjunction with an R-
chart or an s-chart. In particular, when the sample size is small (less than ten), the x chart and
R chart should be used; otherwise, these charts should be utilized [14]. Because this study
focuses on samples with varied sizes, s and x charts are taken into account..

Let p;be the sample size of the q samples discussed. Let x;;be the value of the quality

characteristic in the sample it? at the observation j*. The mean of the i®sample, determined
by x,and the grand mean of the samples, determined by X are denoted by

— 1 @n;
% =230 x ()
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)

Let o;and G be the standard deviation of the it? sample and the gsamples, respectively. They
are obtained by

1 ; —
oj = EZ?:Il(Xij - X)? ©)

o 1
o= \/mzil(pl - 1)012 (4)

The centerline (CL), upper control limit (UCL), and lower control limit (LCL) of the x chart
are specified by the estimator of x and s

= 5
UCLy, =X+ K~ (5)
CLy, =X ) (6)
Lﬂmzi—KKc%; (7

4-i i

Here, c,,is a constant denoted by sample size p; as shown [18]. Then, k be the number of
units of standard deviation and it usually used [1].Similarly, the control limits for s chart are
denoted by

UCLg, = 1+ [1—c2)5 (8)
4§

CL,, =35 ©)

LCLy, = (1—— [1—c3)5 (10)

Because each sample has a unique value of C 4, the control limits of the control charts
derived by equations (5) to (10) fluctuate as seen in figure 1. All of x i. and o _i can be
plotted against the variable control limits to identify any out-of-control signals.

UL T L T

AA A A A
AR ZRVAN

LCL

Sample number 4

Figure 1: X charts and s chart with variable sample size
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IV. CONSTRUCTION OF FUZZY x AND S CONTROL CHART

This section shows how our introduced fuzzy x and s chart are applied in order to
monitor the underlying process average and variability.Let Xi1, X, . Xipi (i= 1,q) be fuzzy
observation (or) fuzzy real numbers discussed in [13]. Lower and Upper control limits
discussed based on these fuzzy data. For any given v € [0,1], Corresponding real valued data
()‘cij)YL and ()‘<ij)§I for i= (1,q) and j= (1,p1). In order to abtain the evaluate of the fuzzy

control limits for (%ij)} and (Xij)y .

Xi) :_qu1(xu)v

Xy=s5 — zp 2? 19i X 1y

Xty = mx ll)y

’=‘xL' = Z}’:l . Z?_1 q; X %

Siy = o 1Ly — Xy )2 (11)
S} = \/ﬁ Pl — 159

QL — a1 e L <L
Siy = P j:ll[(xij)i,y_ Xi,y]z

sk = J; P [(ai — 1)(S-)?]

14— P

1. Fuzzy x control charts: Applied with the fuzzy outcomes in (11), the parameters for the
fuzzy X chart in 5, 6 and 7 are obtained by
qU
UY = (uelg)V =V + K
Casya

C}(Jl = (Clxl)v = x

Y = (el )Y =%V - K

§U

v
C4i\/q—i
C4L\/q—l

ux,, = (Uclyy = %y + K
x”, = (Cl ))/ - x)/

., = (clz)y = Xy xk-K

aL
Sy

C4L\/q—l

e Construction of Fuzzy Upper Control Limit 2i;: Based on the above results, let us
consider the closed interval 4;,, which is defined as follows:

A;,, = [min {ufzw : u,lc—]i‘y}, max {u,%i,y, u,’{i,y}] (12)
= [li,y !ui,]/]!
where
l;, =min {u,sz , u,lc—]i‘y} (13)
li, =max {uk , u,lc-’i'y}
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For the membership function of the fuzzy upper control limit, the fuzzy numbers of
the control-limits can be defined as

i, 0) =SUD Y . 17, ye[0,1] (14)

Since each %;; is a fuzzy real number, (%;;); and (%;;); are continuous with respect to
y on [0,1], saying that X} , X,/ , S} , and 5 are continuous with respect to y on [0,1].
Under these facts, the y - level set (iig,),, of fuzzy upper control limit fig, can be
written as

(tig), ={c: Eﬁfi(c)z yy=[ minl,, maxu;, Jy<sp<ly<p=<1l (15)
= [(ﬁfi)]L/ , (ﬁfi)]l/]

Where [;,, and u;,, are shown in (13).
From (10), the relationship between (ig, )]L, and uL , ufz]i,y is found as
(tig)y =min 1 () min min {”xlp xlp} (16)
y<pB<1ly<p<i

Similarly, the relationship between (ﬁfi)},’ and u,%iy, ufc-’iy is found as
(fig)y =maxu (B) =max max { u,%ip : u,’{iﬁ} (17)

e Construction of Fuzzy Lower Control Limits Iz : The endpoints of the fuzzy lower
control limit's y-level closed interval were determined using the same process. [; are
determined by

(Iz),= [min min {14 } max max {l xlg}] 18)

Xi B xlﬁ

2. Fuzzy s Control Chart: Applied with the fuzzy outcomes in equation (11), the
parameters for the fuzzy s chart in (8,9 and 10) are obtained by

K |1-c?
ul = (ucly)¥ = (1+ ~—)$V

Ca; 14
Ci = (cls)y =Sy

Siy
K [1-c?

1Y =(lel;)Y = (1-
uéi’y = (UClSL))l;: (1+ l) SL

Cs;, = (cls)y =Sy

r

The construction of the fuzzy control limits for fuzzy s charts is done the same as that for
fuzzy x chart. The results as follows:

ik = (el = (1-
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e The endpoints of the y - level closed intervals (iis,), = [(iis,)y, (iis,)y ] of fuzzy upper
control limit i are determined by

(iis,)y =min min {uéw, ué’ilﬁ} (19)
y<p<1
(iis,)y = max max {ué’i‘ﬁ, ué’m} (20)

e The endpoints of the y - level closed interval (Is,), =[(ls)%, (Is)y] of fuzzy upper
control limit l_si are definedas follows:

(spp = minmin {ig ¢} (21)
y<p<i1

(Is)V = maxmax{l¢, ;¢ ;} (22)
y<pf<1

Fuzzy Average X and Standard Deviations of the Fuzzy Mean . To determine if the
fuzzy average wouldx; and fuzzy mean standard deviation $;have membership
functions that are under the fuzzy control limits, we must first compute them using the
sample - statistics fuzzy numbers (SSFN_s). Using an analogous process for the
CLFN _s, the a-level closed interval's endpoints(x;), = [ (%)% , (x)Y of fuzzy
average x; are obtained by

(X)& = min min{kf;, x/p} (23)
a < p <ln
(X)g=max max {x/z, %} (24)
a<p<l

And, the endpoints of the o — level closed interval (5;), = [(S)% , (S)Y of fuzzy mean
standard deviation S;are
(5% =min  min{s};,S}.

V. PROPOSED CLASSIFICATION MECHANISM
The strategy of Yu and Dat [17]adds an additional normal triangular fuzzy number 0 =
(0,0,0), which is used as a radical number to complement our comparison, making it more

efficiently simplified. In particular, take into account a generalized normal fuzzy
Numbers a;= (b;, c;, d;,e;) whose membership functions are defined by

fy, () if x@[b;, c;]

1 if X e [Ci, dl]
o, 0= V7 (¥) if x €[d;e]

0 others

1

Let g5 (y) and g)} (y) be the inverse functions of the £ (x)
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and f£ (x), respectively. Then, the left and right integral values of a; to 0, respectively,
denoted by LV; and RV;, are calculated by LV; = fol gy, (y) dy

RV, = [} gF (y) dy (26)

By incorporating optimism level g an index presenting subjective attitude of decision —
maker (8 € [0,1]), with LV; and RV; our proposed ranking index

Of 7;,, denoted by SV*, is defined by
svf = RV, +(1-B) LV; (27)

1. Monitoring Process Variability: To keep an eye on process variability, we must contrast the
fuzzy data that has been gathered. S; with its fuzzy control limits f; and I,
Hence, the following process is recommended in light of the ranking index in (21:)
e Calculate SVﬁi E SVS_f and SVif. for g, , §; , and isi, respectively.

e For §; ,we calculate its standard deviation, denoted by Sdf across the m sample by the
following Formulas

SV =—ym, svf

et =Jm mL(SvE —57Fy? (28)
e For ug,;, from the obtained SVufi i and Sdf , We establish two relevant control limits for ug,,
from the obtained SV_B s and Sdf , we establish two relevant control limits for &, as
SV, =SV +sdf
&LB SVB sd? (29)
o For Tsl. : from the obtained SVﬁ_ and Sdf , We establish two relevant control limits for Tsl. as
Rﬂmm58V~B SVB+SdB
sv;ﬁ SV, Sdf (30)
o We |n|t|aIIy reorder the variables before suggesting the manufacturing process's classification.
of SV Uk SVf SVUB SV~ and SVlSLi’ﬁ in a descending

Order represented by six crltlcal values Siﬁ (i=1,6 ) where
$P>5855P55F55F>sF,

e A manufacturing process can be categorized using the following guidelines based on
the six important values:

e If the following scenario materializes, the process is in control at the optimism level
B:
Sy < SVi<sy (31)
e [f any of the following scenarios materializes, the process is more in control at the

optimism level B:
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sy <svf <sy
st <svf <sf

e |f any of the following scenarios occurs, the process is somewhat out of control at the
optimism level B:
sy<svf<st
si<svf<st

e Ifany of the following occurs, the process is out of control at the optimism level fB:
Complexity
svf > sf
svf < st

2. Monitoring Process Average: To keep track of the process average, we must compare the
fuzzy data that has been gathered with its fuzzy control boundaries.iig, and Lg,. Similarly, we
suggest the following procedure:

Step 1: Calculate SV£ , SV}zf ,and SVf for dig,, X;, and I, , respectively
X I % i i

Step 2: Forx;, we calculate its standard deviation, denoted by
SVi=~3,svE

Sdf= J z;nl(svﬁ SVEy? (32)

Step 3: For fig, from the obtained SVﬁf and Sdf;, we establish two relevant control limits for @iz, as
xi 3

follow:
And SV, = st +sal (33)

Step 4: For I, , from the obtained SVf and Sdg , we establish two relevant control limits for I as

follows:
And svVF = sv. +5df (34)

Ix;
Step 5: We initially reorder the numbers before suggesting the manufacturing process's classification.
of SV~ ﬁ SVf SV~ B SV~ o SV~ ,and sVt ina descending order represented by six critical

Iz,

values
sP (i=1,6) where s >58>5P>5E 558555

L
3. The process can be classified based on the following steps:
o If the following scenario materializes, the process is in control at the optimism level

B:
Sf< SV£<S3ﬁ
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e If any of the following scenarios materializes, the process is more in control at the
optimism level B:
si<svP<st
1

sE<svl<sy
I

e If any of the following occurs, the process is somewhat out of control at the optimism
level B:

C1) Sh< sVE <sf
C2) Sh< SVE <st

e Ifany of the following occurs, the process is out of control at the optimism level f:
SVE > sf
sVi <sf

The fuzzy control charts displayed in the results below are now being evaluated using
the previously mentioned categorization process.

VI. ANALYSIS AND RESULTS

Control charts are defined as a type of graphical analysis tool that indicates a signal
when a product is outside of permissible boundaries and as a method of defining whether a
product should remain inside those limitations. Thirty samples were selected at random from
a current turning process for our study. The samples' sizes vary because of the random
sampling. Fuzzy control charts and fuzzy control limits can be computed using the data. The
following figures show the plotted fuzzy x and s control chart with k=3 for the 30 samples.

X bar chart for VDD in X bar chart for VAD in
Indian chidren (5-9) Indian children (1-4)

Xbar e X D)
e JCL X bar e | CL
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X bar chart for VDD in X bar chart for VAD in
indian children (1-4) Indian children (5-9)

— X Double bar

X bar chart for Zinc
deficiencyinIndian
chidren (1-4)

Figure 2: X bar charts for vitamin deficiency among Indian children.

Table 1: Process variability classification

Sample 0.1 03 | 05| 07 |09 0.1 0.3 0.5 0.7 0.9

Number
1 178 | 325|189 | 219 | 434 In In In In In
2 261 | 276 | 6.2 | 24.2 | 455 In In In In In
3 5.9 46 | 411|114 | 154 In In In In In
4 8.7 229|214 | 129 | 36.0 § In In In In In
5 172 [ 521 |21.0| 229 | 76.1 g In In In In In
6 0 252 91 | 1.0 | 23.9 R-In | R-In | R-In | R-In | R-In
7 143 | 464 | 22.4 | 23.1 | 62.0 In In In In In
8 26.6 | 105|186 | 29.3 | 185 In In In In In
9 27.1 7.7 | 223 | 134 | 19.7 In In In In In
10 171 | 132|221 | 28.7 | 12.3 In In In In In
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11 235 | 227 ]19.7 | 28.3 | 25.8 In In In In In
12 432 | 19.2 | 28.4 | 24.3 | 20.0 In In In In In
13 19.8 6.7 | 18.7 | 183 | 124 In In In In In
14 5.0 70 (152 | 3.9 | 10.2 In In In In In
15 14.8 73 | 84 | 147 | 14.3 In In In In In
16 21.4 11 | 271 | 16.6 | 4.0 In In In In In
17 171 | 412 | 26.6 | 22.6 | 55.5 In In In In In
18 6.3 21 (143 | 99 | 58 In In In In In
19 39.2 55 | 46 | 46.8 | 9.0 In In In In In
20 0 2.2 0 0 4.1 R-In | R-In | R-In | R-In | R-In
21 2.7 142 | 224 | 54 | 18.3 R-In | R-In | R-In | R-In | R-In
22 206 | 152 | 17.1 | 26.1 | 14.7 In In In In In
23 2.4 182 | 256 | 7.3 | 23.3 In In In In In
24 146 | 25.2|19.8 | 26.4 | 29.0 In In In In In
25 9.4 128 | 123 | 89 | 17.6 In In In In In
26 20.8 49 | 10.0 | 22.8 | 10.3 In In In In In
27 9.6 48 | 20.1|145 | 85 In In In In In
28 171 | 11.8| 9.0 | 265 | 22.6 In In In In In
29 13.1 14 | 20.1|10.0| 54 In In In In In
30 26.5 96 | 10.1 | 350 | 55 In In In In In

Table 2: Process average classification

Sample 0.1 0.3 05 | 0.7 |0.9 0.1 0.3 0.5 0.7 0.9
Number
1 35.57 65 | 37.8|43.8| 86.8 In In In In In
2 52.18 | 55.2 | 124|484 | 91 In In In In In
3 11.8 9.2 |822]228]| 30.8 R-In | R-In In In In
4 17.4 458 | 428|258 | 72 In In In In In
5 34.4 | 104.2 | 42 |45.8 | 152.2 In In In In In
6 0 504 | 18.2 | 2 47.8 R-In | R-In | R-In | R-In | R-In
7 28.6 92.8 | 44.8 | 46.2 | 124 In In In In In
8 53.2 21 | 372|586 | 37 In In In In In
9 54.2 154 | 446 | 26.8| 39.4 In In In In In
10 34.2 26.4 | 442 | 57.4 | 24.6 In In In In In
11 47 454 | 394 |56.6 | 51.6 0 In In In In In
12 86.4 38.4 | 56.8|48.6| 40 s In In In In In
13 39.6 134 | 374366 | 248 | @ In In In In In
14 10 14 [304| 7.8 | 204 R-In | R-In In In In
15 29.6 146 | 16.8 | 29.4 | 28.6 In In In In In
16 42.8 2.2 | 542332 8 In In In In In
17 34.2 82.4 | 532|452 | 111 In In In In In
18 12.6 42 1286|198 | 11.6 In In In In In
19 78.4 11 9.2 | 93.6 18 In In In In In
20 0 4.4 0 0 8.2 R-In | R-In | R-In | R-In | R-In
21 5.4 28.4 | 44.8 | 10.8 | 36.6 R-Out | R-In | R-In | R-In | R-In
22 41.2 304 | 342|522 | 294 In In In In In
23 4.8 36.4 |51.2|14.6 | 46.6 R-Out In In In In
24 29.2 50.4 | 39.6 | 52.8 | 58 In In In In In
25 18.8 256 | 246|178 | 35.2 In In In In In
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26 41.6 9.8 20 | 45.6 | 20.6 In In In In In
27 19.2 9.6 |40.2| 29 17 In In In In In
28 34.2 23.6 | 18 53 | 45.2 In In In In In
29 26.2 2.8 |40.2| 20 | 10.8 In In In In In
30 53 19.2 | 20.2| 70 11 In In In In In

The current process can be classified according to the rules we proposed for the
process average and variability, which are shown in Tables 1 and 2, where we also provide a
brief presentation of the numerical results at each of the five optimism levels (0.1, 0.3, 0.5,
0.7, and 0.9). Although the process variability of the sixth, twentieth, and twenty-first
samples is regarded as acceptable (rather in control), the numerical data in Table 1 show that
the process variability is currently under control. Because the process's control limitations
depend on its variability, the in-control process variability is widely regarded as the first and
most crucial criterion to further analyze the process under the (1 chart. Furthermore,
eliminating assignable causes of variability does not reveal any systematic pattern on the [
chart (Figure 1).We examined the 30 samples based on Table 2, and five worrying signals,
including the samples from the 14th, 20th, 21st, and 23rd, are found. A pessimistic decision
maker (at optimism level 0.1) thinks that the 15th and 20th samples are somewhat out-of-
control (R-Out), whereas the 19th, 23rd, and 25th samples are thought to be rather in-control
(R-In).

VIl. DISCUSSION AND CONCLUSION

The control limits of the fuzzy [0 and [J control charts that we suggested in this study
are derived from the resolution identity results in the well-known fuzzy set theory.
Conventional control charts are only useful for real-valued data in the monitoring process,
where they can be used to classify the process as either in control or out of control. However,
fuzzy data refers to data that is not exactly obtained due to specific measurement issues.
Consequently, the classic controlcharts seem to be inappropriate in the fuzzy environment. As
a result, we suggested fuzzy 1 and [0 control charts in this study, whose control limits are
derived from the resolution identity results in the well-known fuzzy set theory. Furthermore,
we created comprehensive assessment rules by streamlining a newly suggested ranking
approach based on the left and right integral value in order to monitor the process based on
these fuzzy control charts.

REFERENCES

[1] A. Moraditadi, "Development of fuzzy individual x and moving range control chart," International Journal
ofProductivity and Quality Management, vol. 17, pp. 82-103, 2016. View at Google Scholar

[2] L. Chenand H. C. Yu, "Research article design of a fuzzy zone control chart for improving the process
variationmonitoring capability,” Journal of Applied Sciences, vol. 16, pp. 201-208, 2016. View at Google
Scholar

[3] A. M. Tadiand S. A. Darestani, "Development of fuzzy IX-MR control chart using fuzzy mode and fuzzy
rulesapproaches,” International Peer-Reviewed Jornal, vol. 3, pp. 1-11, 2014.

[4] F. Sogandi, S. M. Mousavi, and R. Ghanaatiyan, "An extension of fuzzy P-control chart based on -level
fuzzymidrange,"” Advanced Computational Techniques in Electromagnetics, vol. 2014, pp. 1-8, 2014.
View at Google Scholar | View atPublisher

[5] S. Sorooshian, "Fuzzy approach to statistical control charts," Journal of Applied Mathematics, vol. 2013,
pp. 1-6, 2013.

Copyright © 2024 Authors Page | 198



[6]

[7]
[8]

[9]

[10]
[11]
[12]

[13]

Futuristic Trends in Computing Technologies and Data Sciences

e-1SBN: 978-93-6252-212-2

I1P Series, Volume 3, Book 7, Part 2,Chapter 5

USING FUZZY CONTROL CHARTS FOR PREVALENCE OF VITAMIN DEFICIENCY

AMONG INDIAN CHILDREN: FINDINGS FROM A NATIONAL CROSS-SECTIONAL SURVEY

R. L. Scheaffer, M. S. Mulekar, and J. T. McClave, Probability& Statistics for Engineers, Brooks/Cole,
Cengage Learning, 5"edition, 2011.

L. A. Zadeh, “Fuzzy sets,” Information and Control, vol. 8, pp.338-353, 1965.

E. P. Lavinn, Specular Reflection, Monographs on Applied Optics 2, Elsevier, New York, NY, USA,
1971.

P. Beckmann and A. Spizzichino, The Scattering of ElectromagneticWavesfrom Rough Surfaces,
ArtechHousePublishers,New York, NY, USA, 1987.

A. Faraz and A. F. Shapiro, “An application of fuzzy randomvariables to control charts,” Fuzzy Sets and
Systems, vol. 161, no.20, pp. 2684-2694, 2010.

C.-B. Cheng, “Fuzzy process control: construction of controlcharts with fuzzy numbers,” Fuzzy Sets and
Systems, vol. 154, no.2, pp. 287-303, 2005.

R. E. Walpole, R. H. Myers, S. L. Myers, and K. Ye, Probabilityand Statistics for Engineers and Scientists,
Pearson, 9th edition,2012.

M.-H. Shu, T.-L. Nguyen, and B.-M. Hsu, “Fuzzy MaxGWMAchart for identifying abnormal variations of
on-line manufacturingprocesses with imprecise information,” Expert Systems

with Applications, vol. 41, no. 4, pp. 1342-1356, 2014.

[14]

K.-P. Lu, S.-T. Chang, and M.-S. Yang, “Change-point detectionfor shifts in control charts using fuzzy
shift change-pointalgorithms,” Computers and Industrial Engineering, vol. 93, pp.

12-27, 2016.

[15]

Z. S. Morabi, M. S. Owlia, M. Bashiri, and M. H. Doroudyan,“Multi-objective design of x control charts
with fuzzy processparameters using the hybrid epsilon constraint PSO,” Applied

Soft Computing Journal, vol. 30, pp. 390-399, 2015.

[16]

2009.

[17]

[18]

K. Wang, S. Liu, F. Chen, Z. Liu, and X. Luo, “Effect of manufacturingdefects on optical performance of
discontinuousfreeform lenses,” Optics Express, vol. 17, no. 7, pp. 5457-5465,

V. F. Yu and L. Q. Dat, “An improved ranking method for fuzzynumbers with integral values,”
Applied Soft Computing Journal,vol. 14, pp. 603-608, 2014.

R. L. Scheaffer, M. S. Mulekar, and J. T. McClave, Probability& Statistics for Engineers,
Brooks/Cole, Cengage Learning, 5™edition, 2011.

Copyright © 2024 Authors Page | 199



