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Abstract

In this study, we investigate the performance of the Fay-Herriot area level model to
estimate the Household Debts of Thailand by using the 2017 household socio-economic survey
from the National Statistics Office (NSO) of Thailand. Two versions of the model are considered
which are the classical Fay-Herriot model and the Bayesian approach to the model, called as
the Hierarchical Bayesian Fay-Herriot model. Results from our study show that the two models
can reduce mean square etrrors of the direct estimates, particularly for the areas with large
sampling variances. Moreover, we apply results from the two models to discuss behavior of
household debts in Thailand by comparing household debts among different regions of
Thailand. Moreover, we study the difference in household debts between municipal area and
non-municipal area. From our analysis, household debts in municipal areas are higher than
those of non-municipal areas. Comparing among different regions, we find that Bangkok has
much higher average household debt than other regions. The northern and the northern east
regions have higher household debts than the country average while the central, the east, and
the southern regions have average household debts lower than the country average.

Keywords: Household debt, Fay-Herriot model, empirical best linear unbiased predictor,
Bayesian.

Introduction

Due to current economic crisis, the rise of household debt is currently considered as
one of the most important economic issues in many countries including Thailand. The problem
of household debts affects the whole economy and living standards of people in the country.
Therefore, several studies of debts in Thailand have been conducted in many different aspects.
For example, Kiatipong et al. (2007) studied the wealth and debt of Thai household.
Muthitacharoen et al. (2015) discussed the effect of the rise of household debts to the
economic stability of Thailand. Visitwarakorn (2015) studied the debt of Thai's government due
to the change of 2013 salary policy. Moreover, the Thailand’s National Statistical Office also
conducts regular surveys of the household debts of the Thai population and reports an estimate
of annual household debt computed by using the information of household which is collected
from all provinces in Thailand. Based on our current knowledge, these studies are performed
based on the direct estimates from a survey. Therefore, the estimates are heavily influenced by

-1-
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the sampling design and the sampling errors particularly for areas with small sample sizes. To
overcome the issues, alternative model-based methods have been proposed in the context of
“small area statistics” (Rao & Molina, 2015) which are the statistical methods used when direct
estimates from a survey are not of adequate precision, or in the situation of small sample sizes.
The motivation of the method is to use statistical models to link the variable of interest with
auxiliary information to define the model-based estimator that “borrow strength” from the
related area. One well-known small area model applied in different applications is the Fay-
Herriot model. The Fay-Herriot model was first introduced by Fay and Herriot in 1979 to predict
the mean per capita income in small places within counties in USA. Since then, the model has
been widely applied in different countries. For example, Srivastava et al. (2007) used the Fay-
Herriot model to obtain the model-based district level estimates of the amount of loan
outstanding per household in India. D'Al0 et al. (2008) applied the Fay Herriot model to study
socio-economic indicators in Italy. Wawrowski (2016) applied the spatial Fay-Herriot model to
study poverty in Poland. For Thai data, Angkunsit & Suntornchost (2021) applied the bivariate
Fay-Herriot model to obtain the model-based estimates of the average household income and
average household expenditure for Thai data. In this paper, we study the performance of Fay-
Herriot area level model to estimate the Household Debts of Thailand. Two versions of the Fay-
Herriot model are considered which are the classical Fay-Herriot model and the hierarchical
Bayesian Fay-Herriot model. The data used in our study are the Household Socio-Economic
Survey 2017 and Population and Housing Census 2010 collected by the Thailand’s National
Statistical Office.

The organization of this paper is as follows. In Section 2, we introduce the Fay-Herriot
model and the hierarchical Bayesian Fay-Herriot model. In this section, we also discuss
estimation methods and model diagnostics of the two models. In Section 3, we describe the
data source and auxiliary variables used in this study, model comparison, and discuss
applications of the two models to the household debt of Thailand. Section 4 gives discussions
and conclusions of our study.

Small Area Models
In this section, we first describe the small area models used in this paper which are the
Fay-Herriot and the hierarchical Bayesian Fay-Herriot model.

2.1 Fay-Herriot model

The Fay-Herriot model was proposed by Fay & Herriot (1979) to predict the mean per
capita income in small places within counties in USA. The structure of the Fay-Herriot model is
as follows. Suppose that the population is partitioned into m subpopulations, called as “area”.

For any area i (i=1...,m), let & be the true area mean of ith area and Y, be a direct
estimator of @, . The model assumes that 6 is linearly related to the auxiliary variables
XI = (L Xy Xip)', for i =1,...,m, through the model

6 =xp+v, Vv.~N(OA), i=1..,m,

where f=(f), .- B,) is the vector of regression coefficients and A is the regression

variance. The true mean is linked to direct estimator Y; through the following sampling model

-2-



The Journal of Applied Science Vol. 21 No. 1 [2022]: 244482
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2022.01.001

y,=6+e, e~N(@OD), i=1..m,

where e, is the sampling error with the known sampling variance D, .
The Fay-Herriot model can be rewritten as

Y, =X B+Vv,+e, i=1..m, (1)

where the area random effects v; are independent of the sampling errors €, .

If the area random effect variance A is known, the true area mean is estimated by minimizing
the mean squared error (MSE) of @ proposed in Henderson (1975). The obtained estimate is
called as the best linear unbiased prediction, or BLUP, defined as follows.

A D, ~

0 = -+ X! S,
! A+Diy' A+ D, i 2)

whereﬁ:( XX (A+ Di)*l)_l( X Y (A+ Di)*l). However, A is unknown in general

practice. Therefore, it is estimated by an estimate A. Therefore, by substituting A into (2),
we obtain the empirical BLUP or EBLUP &, of &, . That is,

= Y, +=——X
A+ D A+ D,

i B, (3)

where B :B(A) :( i XiXi,(A+ Di)_l)_l( i1 Xi yi(A+ Di)_l)'

There are many estimation methods to obtain the estimate A available in literatures, for
example, the Prasad-Rao method-of-momemts estimator (Prasad & Rao, 1990), the Fay-Herriot
method-of-moment estimator (Fay & Herriot, 1979), the profile maximum likelihood estimator
(Hartley & Rao, 1967), and the residual maximum likelihood estimator (Patterson &
Thompsonm, 1971). Among these methods, the residual maximum likelihood estimation
method, called as REML method, has been shown to outperform other methods because REML
estimator is a second-order unbiased estimator of A. Therefore, in this study, we use the

REML method to obtain the estimator of variance model variance A.

The residual maximum likelihood estimator A can be obtained by maximizing the residual log-
likelihood function

& XX
ZA+ D,

i=1

n 1
L(A)=—=log(27)—=1lo
(A) > 9(27) 5109

; _l S (yi_xi'ﬁ),(yi_xilﬁ)
diag A+ Di‘ 2; A+D :

_1|og
2

1<i<m
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Using the REML estimator of A, a second-order unbiased (or nearly unbiased) estimator of
MSE of the EBLUP is given by (Rao & Molina, 2015)

M[éi]:gli(éi)"'92i(|§i)+293i(|§i)’ 4

where B, = %, 9, (B,) = D,(1-B,) is the MSE estimator of 6,

A+

A -1
0, (B)= Bizx;( o XX (E—:)) X; is the excess in MSE estimator due to estimation of /3,
. 52"
05(B) = 2(%)( T (D—j) j is the excess in MSE estimator due to estimation of A.

2.2 Hierarchical Bayesian Fay-Herriot model

In this section, we discuss the hierarchical Bayesian approach (Gelman et al., 1995;
Albert, 2009) to the Fay-Herriot model, called as the hierarchical Bayesian Fay-Herriot model
(Rao & Molina, 2015, Chapter 10). The model is then written as follows.

() y,16,D,~N(4,D,), i=1...,m, independent

(i) 8| B, A~N(X/f,A), i=1..,m, independent (5)
(i) A~T(A), £~9(p),

where f and g are prior distributions of the model variance A and regression coefficient /3,

respectively. The prior distributions may be informative priors or noninformative priors. The
informative priors can be determined based on substantial prior information such as previous
study related to the data. However, informative priors are infrequently available. Therefore,
noninformation priors are commonly used in many applications.

The hierarchical Bayes (HB) estimate of &, is the posterior mean given by

E[6,1v1=[6,f (6 1y)d6,

where f (6, |Yy) is the posterior density.

The corresponding posterior variance of &, is given by

Varlg, [Y]= [ (6 ~E[6 1 y])’ £ (6 1y)d8,

Numerical estimates of posterior mean and variance can be obtained via the Markov chain
Monte Carlo (MCMC) method (Rao & Molina, 2015). Having drawn an MCMC sample

{(,B(k"),A(k")), k=d+1,...,d+K, |=1...,L}from the Markov Chain Monte Carlo method
using L chains with the sample size where K of each chain and the burn in size of d, the
posterior mean of @, can be obtained as
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AHB 1 & AB/ n(kl)  Ak.D) )
0%=—-> > (" Ay =", (6)
LK 1=1 k=d+1

The corresponding posterior variance is

varg 1= 1w, + < B, %

2
where B, :ﬁZ:‘Zl(&i("') —(2("')) is the between-run variance and W, :ﬁz,il s

2
(49i(k") —49i("')) is the within-run variance with @“" is the Kk th retained value in the Ith run

of the length 2d with the first d burn-in iterations deleted such that 6" =13+ gD
Al
and 000 =3, 6",

The convergence of Markov chain Monte Carlo output can be examined by the
“potential scale reduction factor (PSRF)” originally proposed by Gelman & Rubin’s (1992). The
PSRF is an estimated factor by which the scale of the current distribution for the target
distribution. Each PSRF reduces to 1 as the number of iterations approaches infinity. The
multivariate extension, multivariate potential scale reduction factor (MPSRF), was introduced by
Brooks & Gelman (1998). The values of PSRF and MPSRF close to 1 indicate convergence of the
chain.

The model validation for Bayesian models can be done via many different approaches
such as the posterior predictive assessment introduced by Datta et al. (1999) and the
divergence measure introduced by Laud & Ibrahim (1995) described below.

A posterior Predictive Assessment approach. (Datta et al., 1999)
We define y,. and Yy, to be the observed and the generated data, respectively.

Then define f(0|Y.): F(AVos:0)|Yops), and F(A(V, e 6)|Y,s) to be the posterior

(predictive) predictions of &, d(Y,.,0), and d(Y,,,0), respectively. The discrepancy
measure is

m 0 (y. —6.)
d(y,g)zzzu,

i=1 j=1 o

where m is the length of Yy, n is the total number of iterations of the & values, and oy is

the variance of ;. The value P(d(Y, 0y &) =0V 0)|Yops) of @ model close to 0.5

indicates that the model is adequately fit to the data. The extreme value (close to 0 or 1)
indicates a lack of fit.
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Divergence measure. (Laud & Ibrahim, 1995)
The divergence measure between the observed data y . and the generated data

Yoew IS defined as

d (ynew1yobs) = E[mil ” ynew_yobs ||2| yobs]!

where m is the length of Yy . An adequate model should produce a small value of the
estimated divergence measure.

Data Analysis

In this section, we apply the Classical Fay-Herriot model and the Hierarchical Bayesian
Fay-Herriot model to the average household debt data in Thailand demonstrated in previous
section. The structure of this section is as follows. We first explain data description and variable
selection of explanatory variables used in the study. We then discuss model diagnostics of the
two models, compare numerical results of the two models with the classical direct estimators.
Finally, we discuss the results on the average household debt in Thailand using estimates from
the two models.

3.1 Data Description

The data used in this paper is the average household debt data in Thailand from the
Household Socio-Economic Survey (SES) 2017 (National Statistical Office, 2017). The SES is
conducted yearly by the National Statistical Office Thailand. The total sample of SES 2017 is
43,210 households which are distributed in 77 provinces. Each province (except Bangkok) is
divided into two parts according to the type of local administration area, nhamely, municipal area
and non-municipal area. The design sampling of SES is a stratified two-stage sampling. The
basic concepts of stratified two-stage sampling is as follows. (Sukhatme, 1984; Sarndal et al.,
1992; and Cochran, 1997). The population U is partitioned into H separate strata

U, (h=1...,H). For each stratum U,, consists of N, separate primary sampling units,
called as PSU, U,; for i=1...,N, . For each PSU U,;, consists of M, secondary sampling
units, called as SSU. Let Y,; be the values of the quantity of interest in the jth SSU of the
i th PSU from the hth stratum. The population mean per second-stage unit in the h th stratum
is Y, = Z L XM Yy where Mg =3 M = N,M, . The estimate of the population

mean per second-stage unit in the h th stratum is

M M

yh_ hz hlzyhu_ Z hlz Yhij » (8)
nM
h

hllmhljl llmhlrl

where n, is a sample size of the PSUs from the hth stratum, and m,;, is the sample size of

SSUs from the ith PSU from the hth stratum. The variance of estimate of the population
mean is given by
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_ 1 1 1 & MAE( 1 1

Varly,]=| = [Sp+——> =8| ———|S, 9)
nh Nh nhNh i=1 Mh mhi Mhi

2
2 N, My = va . . . .
where S :_N:.—lzi:hl(_l\ﬁ: yhi—Yh) is the variance among primary unit means and

S v.) s th i bunits within pri its. Th
hi = My 1 jzl(yhij_yhi) IS € varianCeé among subunits within primary units. e

estimator of the variance is obtained by replacing Sh2 and Shzi with their sample estimators and
summing up by sampled PSUs in each h th stratum.

The area-specific explanatory variables used in this paper are chosen by an Akaike's
Information Criteria (AIC) backward selection from 12 variables available in the Population and
Housing Census 2010 file (National Statistical Office, 2010). The 12 variables in the Housing
Census 2010 file, before backward variable selection, are as follows: 1) the proportion of
households with detached house; 2) the proportion of households that own living quarters; 3)
the proportion of households that rent living quarters; 4) the proportion of households that
cement or brick dwellings; 5) the proportion of households that own land; 6) the proportion of
households using gas for cooking; 7) the proportion of households using sitting toilet; 8) the
proportion of male populations; 9) the average population per private household; 10) the
proportion of households that working household head; 11) the proportion of populations that
graduated from upper secondary level; 12) the proportion of populations that graduated from
higher level.

Having performed the backward variable selection, there are six significantly
explanatory variables to be used in our models as shown in Table 1.

Table 1 Explanatory variables

Variable Notation
Proportion of households that rent living quarters X,
Proportion of households that cement or brick dwellings X,
Proportion of households that own land Xs

Proportion of households using gas for cooking
Proportion of households using sitting toilet
Proportion of male populations Xg

3.2 Model diagnostics.

3.2.1 Model diagnostics for the Fay-Herriot model

In this section, we apply the Fay-Herriot model (1) to the average household debt for
153 areas: Bangkok and two areas from each of other 76 provinces which are municipal area
and non-municipal area. The direct estimates and sampling variances are obtained from (8) and
(9), respectively. The EBLUP estimates for the household debts and a second-order unbiased
estimators of MSE of the EBLUP are obtained from (3) and (4), respectively. To diagnose the
model, we apply the residual analysis discussed in Erciulescu et al. (2021). We consider the
standardized residuals
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Yi _Xi',é

JVarly, -x4]

where Varly, — X{/?] =D, + A . Since the parameter A is unknown, the variance is estimated

ri:

by D, + A, where A is the estimator of A.

The normality analysis used are 1) Q-Q plot; 2) histogram; 3) Kolmogorov-Smirnov test; 4)
Shapiro-Wilk normality test, of standardized residuals of direct estimate from synthetic part.

Q-Q plot of standardized residuals of estimate Histogram of standardized residuals of estimate

o o
o
500
@
o

Sample Quantiles
o]
|
Density
02
|

Theoretical Quantiles Standardized Residuals

Figure 1 Q-Q plot of standardized residuals of estimate Figure 2 Histogram of standardized residuals of estimate

From Figures 1 - 2, we can see that the standardized residuals from the synthetic part follow
normal distribution. Moreover, we also perform the Kolmogorov-Smirnov and Shapiro-Wilk
normality tests for the standardized residuals. The corresponding p-values of the tests are
0.3940 and 0.0784, respectively. From the three analyses, we can conclude that the
standardized residuals follow normal distribution at the significant level &z =0.05.

3.2.2 Model diagnostic for the Hierarchical Bayesian Fay-Herriot model.

In this section, we apply the hierarchical Bayesian Fay-Herriot model (5) to the average
household debts. Since there is no further information available, we use noninformative prior
distributions for the unknown parameters. Several choices of noninformation priors can be
applied such as uniform distribution, normal distribution, and inverse-gamma distribution. In
this study, we use common choices which are the uniform prior for the variance and normal
prior for the regression coefficients. To be specific, the prior distributions of the model variance

A and regression coefficients 5 are A~U(0,10°) and 8~ N,(0,10°1.), respectively.

The MCMC samples are obtained by using R20penBUGS (Thomas, 2020), R2WinBUGS
(Ligges, 2015) and coda (Plummer, 2020) packages in R program )R Core Team, 2020(. The
setting of the Monte Carlo simulation is as follows: the number of Markov chains is 3, the
sample size per chain is 500000, the length of burn in is 250000, and the thinning rate is 2.
Having obtained MCMC sample, we apply the PSRF and MPSRF convergence tests and
the model diagnostics mentioned in Section 2. The values of PSRFs are in the range of (0.9999,
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1.0001) and the MPSRF is 1.0007 which are close to 1. Therefore, the PSRFs and MPSRF results
show the convergence of the MCMC chains. The posterior Predictive Assessment value is
0.4792 which is close to 0.5, and the divergence measure value is 0.3922 which is relatively
small. The two model validations indicate an adequate fit of the model to the data.

3.3 Model Comparisons.

In this section, we compare performances of the two models with direct estimates. The
values of direct, EBLUP and HB estimators of average household debts ordered by the
magnitudes of sampling errors are demonstrated in Figure 3. The corresponding MSEs are
shown in Figure 4.

Plot of estimates and sampling variance Plot of EBLUP and HB estimates
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Figure 3 Plot of direct, EBLUP and HB estimates of average household debt
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Figure 4 Plot of MSE of direct, EBLUP and HB estimates of household debt
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From Figure 3 (a), we can see that EBLUP and HB estimates are close to direct estimates for
the areas with small sampling variances but the two estimates are different from the direct
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estimates for the areas with large sampling variances. From Figure 3 (b), we can see that the
EBLUP and HB estimates are almost identical as the plot between the two estimates goes along
with the 45-degree line. From Figure 4 (a), we can see that the MSEs of the direct estimates
are larger than MSEs of the EBLUP and HB estimates particularly for areas with large sampling
variances. From Figure 4 (b), the MSEs of the direct estimates steady increase when sampling
variances increase, while the MSEs of the EBLUP and HB estimates seem to be stable for a
certain value of sampling variance, at 0.3 in this dataset. Results from Figure 3 and Figure 4
indicate the lack of fit of the direct estimates for data for areas with large sampling variances
while the Fay-Herriot model and the hierarchical Bayesian Fay-Herriot model can improve
estimates for such cases by reducing the MSEs. Comparing the the Fay-Herriot model and the
hierarchical Bayesian Fay-Herriot model, Figure 3 (b) and Figure 4 (b) show that two estimates
are approximately the same.

3.4 Discussions on the Household Debts in Thailand

In this section, we discuss the household debts in Thailand by using estimates from the
Fay-Herriot model and the hierarchical Bayesian Fay-Herriot. Table 2 shows average household
debts for Bangkok and the five regions of Thailand. The average household debts are
presented for municipal area, non-municipal area, and the combined estimates. Figure 5 shows
the boxplots of average household debts for each region. From Table 2 and Figure 5, we can
see that the average household debts in municipal areas are higher than those of non-
municipal areas for all regions. Moreover, the average household debts in Bangkok (BKK) are
higher than average debts in other regions of Thailand. Comparing with the country average
(1.7023 for EBLUP, and 1.7030 for HB), we can see that Bangkok, the northern, and the
northeast regions have higher debts than the country average while the central, the east and
the southern regions have lower debts than the country average.

Table 2 The model-based estimates of average household debt (Unit: 100,000 Baht)

Regions Municipality Size Mean Standard Deviation
EBLUP HB EBLUP HB
Bangkok 1 2.0470 2.0467 - -
Central Total 36 1.6759 1.6771 0.6792 0.6807
Municipal area 18 1.7899 1.7910 0.6527 0.6542
Non- Municipal area 18 1.5619 1.5631 0.7044 0.7061
East Total 14 1.4838 1.4839 0.3974 0.3980
Municipal area 7 1.5983 1.5980 0.3673 0.3677
Non- Municipal area 7 1.3694 1.3697 0.4205 0.4215
North Total 34 1.7448 1.7455 0.5813 0.5819
Municipal area 17 1.9571 1.9577 0.5673 0.5680
Non- Municipal area 17 1.5325 1.5333 0.5286 0.5293
Northeast Total 40 1.8136 1.8144 0.4798 0.4813
Municipal area 20 2.0366 2.0381 0.4537 0.4555
Non- Municipal area 20 1.5907 1.5907 0.4025 0.4033
South Total 28 1.6223 1.6231 0.6074 0.6082
Municipal area 14 1.8638 1.8642 0.5789 0.5793
Non- Municipal area 14 1.3807 1.3819 0.5529 0.5544
Total Total 153 1.7023 1.7030 0.5726 0.5737
Municipal area 76 1.8882 1.8890 0.5509 0.5520
Non- Municipal area 76 1.5118 1.5125 0.5364 0.5375
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Boxplots of EBLUP Estimates
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Figure 5 Boxplots of EBLUP estimates for average household debts in different regions

Discussion and Conclusions

In this paper, we applied the two area level models: the Fay-Herriot model and the
hierarchical Bayesian Fay-Herriot model to obtain are level estimates of household debts where
the area considered in this paper is the municipality by province. The model diagnostics of the
two models indicate adequate fit to the data. Model comparisons show that the two small area
models outperform the direct estimates especially for areas with large sampling variances. The
study indicates that model-based estimates can improve the direct estimates for the household
debt data. From our study, we believe that the Fay-Herriot model can be applied to other
applications with small sample sizes to overcome the bias of the direct survey estimats caused
by sampling errors. Some improvements of our study can be performed such as incorporating
time effect into the model to study trends of household debts over years.
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Abstract

Chemical industry traditionally produces and sells tangible goods. Recently, firms in chemical
industry provide additional services to their customers. Several manufacturers change from tangible
product suppliers to both product and service providers. This movement is called servitization
(Vandermerwe & Rada, 1988). Chemical servitization levels can be classified into 4 categories which
are product only, service added to the product, service differential the product and service is the product
(Thoben, Eschenbacher, & Jagdev, 2001). The objectives of this paper are to construct servitization
framework for chemical suppliers to shift to product service integration and to examine factors affecting
chemical service levels to provide guidance to chemical suppliers to implement product service system
(Kortman, Theodori, Ewijk, Verspeek, & Uitzinger, 2006). The first part of the framework is to develop
servitization levels for chemical industry in Thailand. The second part is to define servitization levels for
suppliers to offer to their customers. Questionnaire surveys were distributed to chemical dealers, sub-
dealers, and end-users, and the sample size was 200. To accomplish the research objective, descriptive
statistics, Analytical Hierarchy Process (AHP), Multiple Regression Analysis, and Multinomial Logit Model
(MNL) used in this research. The finding includes seven significant factors which were identified in order
to analyze the service level of customer needs. Implications and suggestions for suppliers who want to
change their business model to providing chemical solution should offer chemical blending, chemical
storage, chemical documentation, and environmental and safety program as bundle services with
chemical products.

Keywords: Chemical Servitization, Servitization Levels, Product Service System, Extended Product,
Multinomial Logit Model, Multiple Regression Analysis

Introduction

Servitization concepts have been introduced to explain the idea that manufacturers or
producers turn out to be service providers (Buschak & Lay, 2014; Goedkoop, 1999; Tukker, 2004;
Vandermerwe & Rada, 1988). This concept has been applied in many industries including chemical
industry. Chemical servitization is a new trend for companies in chemical industry to change their focus
to gain competitive advantages and leave out cost competition to win against competitors (Kortman,
Theodori, Ewijk, Verspeek, & Uitzinger, 2006; Robinson, Clarke-Hill, & Clarkson, 2002). Chemical is one
of the most important industry that its products are wildly used in our daily lives. Consumers are
influenced by chemicals in many ways such that we consume food, housekeeping, painting
pharmaceuticals agriculture, construction, adhesive, and textile products. As the range of chemical
product chain is too wide to concentrate, this study will focus only on commodity chemicals products
in B2B business type in a perception that chemicals are used as raw materials for manufactures to
produce finished goods.

The organizational changes in traditional manufacturers to new trend of servitization have been
developed since the last two decades. “Power by hour” is a shift in offering from aero engines selling
to providing a total care package developed by Rolls-Royce Aerospace to its customers such as Boeing
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and Airbus. The new business model combines tangible products with intangible services of
maintenances. Revenue generates from charging customers based on hours of engine used. Another
organizational change is the example of SEFCHEM, Dow Chemical’s subsidiary company which provides
solvent service solutions. SEFCHEM cooperated with Pero AG established a new company to offer
cleaning services. The new cleaning full-service company provides cleaning services, uses cleaning
machines from Pero AG, and attains chemical supplies from SEFCHEM (Buschak & Lay, 2014).

Chemical products are defined as commodity products which are used as raw materials for
manufactures and can be transformed to intermediate and specialty chemicals. They are also sold by
volume with standardized quality with few variants. The commodities are in high market competition
because price is the key buying criteria for buyers. Thus, any suppliers who offer lower prices will be
more attractive to customers than the suppliers who charge higher prices .When a chemical firm cannot
charge customers in high prices, the firm is in a struggle situation namely “commaodity trap”. Robinson
et al. (2002) studied servitization model which is a strategy that helps companies to drip out the
commodity trap, achieve competitive advantages and seek for differentiation instead .The servitization
strategy is an approach for companies changing from traditionally cost oriented to service and
relationship management .Servitization is also one element of logistics 4.0 trends for sustainable
business model to transform enterprises from tangible product to service-oriented that can increase the
value proposition by integrating services and manufacturing processes in their offers (Strandhagen et
al., 2017).

Major problems of Thai chemical providers are high competitiveness markets, price sensitivity,
volume based selling with low margin, limited services with low value, and tangible goods business
model. Under the uncertainty economic condition, Thai chemical providers are also facing the same
problems as others in other parts of the world. These companies need to change their focus of their
business as well.

The objectives of this research are to construct servitization framework for chemical suppliers
and to investigate determinant affecting chemical service levels to provide a guidance to companies in
chemical industry to implement product service system.

Materials and methods
Chemical Servitization

Servitization is popularly adopted for innovative business model development in chemical
industry to help customers avoid chemical waste. It is used as a link between physical offers and
additional services provided to customers (Buschak & Lay, 2014). The innovative business models for
chemicals industry can be described as chemical product services (CPS) where business models shift
from selling chemical products by volume to combining with some basic services to fulfil customers and
suppliers’ requirements (Kortman et al., 2006); chemical management services (CMS) where business
models create a long-term collaboration between customers and chemical service providers to supply
and manage chemical related services (Stoughton & Votta, 2003); and chemical leasing where chemical
companies supply special services and substances but hold the ownership of chemicals. The traditional
business models for chemical industry was focusing on selling chemical products by volume. This leads
to conflicts between customers and suppliers because the customers want to decrease chemical volume
and cost while the suppliers want to maximize sales volume (Kortman et al., 2006; Reiskin, White,
Johnson, & Votta, 2000; Toffel, 2008).

Chemical product service (CPS) business model aligns the interests of customers and chemical
suppliers that both of them receive benefit from reducing chemical sales volume and cost. The suppliers
are no longer focusing on selling chemical product by volume (Kortman et al., 2006), see Figure 1.
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Conflicting incentives of traditional business models Aligned incentives of CPS business models
SUPPLIER BUYER SUPPLIER BUYER
Incentive to Incentive to Incentive to Incentive to
increase decrease decrease decrease

Figure 1 Traditional and CPS Business Models (Kortman et al., 2006)

Business models for CPS are variety by adding some more extra services, and they can be
related to the several stages in the chemical life cycle. Kortman et al. (2006) recommended some extra
chemical services; for example, chemical packaging, chemical management, chemical inventory and
storage, chemical advice on process tuning, chemical transportation, chemical recycling and waste
treatment, chemical health concern, environmental and safety programs, and worker’s training.
Kortman et al. (2006) classified CPS into two different types as CPS-I and CPS-II as the transition from
traditional business models to CPS models (See Figure 2). CPS-I is a business model that chemical
producers or suppliers are still selling chemical products by volume. To increase value of the chemical
product, some related services are added to the products. CPS-II is a business model chemical suppliers
provide product service integrated solutions regarding to customer requirements instead of offering
products by volume. The ownership of chemical product is fully transferred from suppliers to customers.

Chemical management service (CMS) is a business model for chemical products that both
suppliers and customers collaborate each other to improve and develop chemical product services
(Stoughton & Votta, 2003) in term of partnership (Reiskin et al., 2000). Example of CMS are chemical
supply, chemical quality monitoring, chemical adjustment, removal of applied chemical, chemical
recycling, and chemical solution network. The benefits of CMS mentioned by Kortman et al. (2006) are
liability reduction, storage space decreasing, chemical labor reduction, and heal and environmental
saving.

Chemical leasing is a business model that the ownership of chemical product is still on the
suppliers, not customers. This means the main concentration is not on selling chemical product by
volume but on the integrated services offered with the products. Thus, profit is not directly from selling
chemical product in large volume, but it comes from bundled services instead (Kortman et al., 2006).

Pure
product

Product
component Service
increases component
increases

Pure
Service

Traditional model CPS-I model CPS-Il model

Chemicals sold by volume | chemicals sold by volume and | Function of chemicals sold
including some basic services | services sold on itemized
basis

Figure 2 Transition from the traditional business models to the CPS models (Kortman et al., 2006)
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Many literatures also talk about the same concepts but in different terms. Product Service
System (PSS) (Tukker, 2004), Product Transition (Oliva & Kallenberg, 2003), and Extended Product
(Thoben, Eschenbacher, & Jagdev, 2001) are phrases commonly used when the manufacturing firms
apply the servitization concepts. The below section is related theory applied for the servitization used
in this study.

Extended Product Theory

To have advantages in competitive market, manufacturers and suppliers have to integrate their
core products with additional services to make their products more valuable and attractive. This concept
is defined as Extended Product (Thoben, Eschenbacher, & Jagdev, 2001), which consists of three layers,
the kernel as an illustration of the core and functionalities of product (tangible), the middle layer
describing the product shell including packaging of the core product (packaging), and the outer layer
representing all the intangible assets of the offer (services), see Figure 3.

Core Product (Tangible)

Product Shell (Packaging)

f” Non-Tangible Product (Services)

Figure 3 Extended Product Theory (Thoben et al., 2001).

A combination of core product and the product shell is called narrow sense which tangible
products are offered to the market, whereas a blending between product shell and non-tangible product
is named a broader sense as a product solution that both tangible and intangible products are integrated
together (Thoben et al.,, 2001). Figure 4 illustrates dimension of migration process based on the
expanded product concept transforming from tangible product to intangible services and finally service
as product (Chen & Gusmeroli, 2015).

Servitization levels are also mentioned in chemical industry in similar ways as in other
manufacturing industries. The starting point is the pure manufacturer traditionally provide chemical
product in large volume. The next level is chemical supplier offers some product related services such
as transportation and worker training. Chemical supplier may also provide other different services not
directly related to chemical product such as product monitoring system. Lastly, in the highest level,
chemical suppliers focus on providing intangible services with the add on tangible products (Buschak &
Lay, 2014; Chen & Gusmeroli, 2015; Kortman et al., 2006). Example of product as a service is chemical
trend that SAFECOM cooperates with Pero AG company to provide cleaning services to their customers
rather than selling tangible chemical products (Buschak & Lay, 2014).

Tangible Product and Product and Productas a
Product supporting differentiating Service
Services Services
Prod uct+ Product2
Service Service

Figure 4 Extended Product Elements (Chen & Gusmeroli, 2015)

Servitization Frameworks

Ryu, Rhim, Park, and Kim (2012) proposed servitization framework adapted from Meyer and
Arthur (1999). This framework composed of three components which are markets, product-service-knowledge
system (PSK) (see Table 1), and competencies in the supply chain. Chen and Gusmeroli (2015), Oliva
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and Kallenberg (2003) proposed a framework for manufacturing servitization which combined three
dimensions; 1) the x-axis represents servitization process; 2) the y-axis represents stages of product
extension; 3) the z-axis is illustrated service innovation. However, none of these papers proposed
guidance or solutions on servitization process. Thus, this research closes the gap by constructing the
servitization framework for chemical suppliers observing factors affecting chemical service levels to
provide guidance to chemical suppliers to implement product service system.

This study proposed new servitization framework adapted from the previous studies and
illustrated as Figure 5. The first part of the framework begins with Chen and Gusmeroli (2015)
framework, and ends with Ryu et al. (2012) in the second part. The three dimensions are changed to;
1) the x-axis represents customer segment which classified by 3 different company sizes and 5 types
of industry; 2) y-axis represents 4 different types of servitization levels, namely product only, service
added to the product, service differential the product, and service is the product; 3) z-axis represents
PSK system. PSK is classified to three service types dealing with product, service, and knowledge. The
second part was adopted from (Kanignant et al., 2018).

Research Methodology
Scope of the Study

The chemical products mentioned in this research are chemical products which are considered
as commodity products. Size of chemical companies are defined as number of employees based on
OSMEP (2000) which can be classified into three groups of small (less than 50 employees), medium
(50-200 employees), and large (more than 200 employees). Respondents in this research are separated
by types of industry which can be divided into five groups of: Industrials including adhesive, ink,
packaging, paint, petrochemicals, resin, thinner, tire (wheel); Consumer Product including cosmetics,
food, pharmaceutical; Resources for example mining; Technology for example electronics; and Others.

The study focuses in chemical industry only in Thailand and approaches one B2B business
company of tier-3 who is a chemical importer or distributor traditionally provides tangible chemical
products for their customers in large volume and have high competitive market. Chemical product in
this study is defined as commodity product that has similar property. It is also price sensitive and is
often sold in bulky amount. The company’s customers are: tier-2 firms who provide chemical products
as wholesalers, tier-1companies who perform as sub dealers supplying chemical products to
manufacturers, and the end-users who are manufacturers using chemical products as raw materials in
production to make products. The study studies servitization strategies for this distributer company to
generate product transition for customers.

Respondents in this research are separated by position of companies in chemical supply chain,
see Figure 6, which can be divided into three groups as 1) end-users or manufacturers, 2) tier-1: sub
dealers or suppliers, and 3) tier-2: dealers or wholesalers. This research does not include respondents
who are upstream producers or oversea and local makers, tier-3 companies who are importers or
distributors, and consumers. Figure 6 illustrates chemical product supply chain for an easier point of
view of targeted respondents.

Table 1 Product-Service-Knowledge System

Product Service Knowledge
Chemical product only Chemical document and Chemical health risk assessment
license
Chemical blending Chemical inventory Environmental and safety
programs
Chemical packaging Chemical waste treatment Worker's training

Chemical storage
Chemical recycling

Transportation
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Figure 7 Relationship between Independent and Dependent Variables

The research tools for this study is questionnaire survey distributed to respondents via face to face
or an interview. The questionnaire composed of 3 sections; 1) company background, 2) attitude towards
product or service needed driven by 10-point Likert Scale ranging from 0 to 10 to employ the questions
and scale responses in the survey, and 3) comparison attitude towards servitization levels constructed by
Analytical Hierarchy Process (AHP) using the pairwise comparison between 4 service levels. In the
questionnaire design process, required data for composing questionnaire is assemble from literature
reviews and discussion with the staff of chemical distributor.

Index of Item-Objective Congruence (IOC) was used to analyze the content validity. The
questionnaire was reviewed by five experts including two chemical management officers, and three
academic experts. The reliability of the questionnaire was examined in order to confirm that the collected
responses were reliable and consistent. The researcher distributed 30 pilot questionnaires to staff of the
chemical distributor company to ask their customers excluded from the sample group. For the pilot data
reliability test, Cronbach’s Alpha score of each question was greater than 0.9. This can be assumed that
the questionnaire was highly reliable. The chemical distributor company has almost 250 customers in
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Thailand in various locations, and the sample size for this study is 200. The survey was started from May
to September 2020 through phone interview only according to COVID-19 situation until the sample size
was achieved. The collected data is sufficient enough to do the data analysis and estimate parameters of
this study.

As mentioned, parameters in the model are defined by the 3-axis as follows:

. X-axis is the independent parameter represents customer segments.
o Y-axis is the dependent parameter contains 4 different types of servitization levels.
o Z-axis is the independent parameter of PSK.

From these three dimensions, the relationship between independent and dependent variables can
be illustrated as Figure 7.

Multinomial Logit Model (MNL)

MNL was utilized in this research rather than Multinomial Logistic Regression (MLR) as the sample
size was limited. Peduzzi, Concato, Kemper, Holford, and Feinstein (1996) suggested that MLR was a good
technique for large sample sets. The discrete choice model or multinomial logit model was developed by
McFadden (1973) and applied in the study of travel mode choices, for example; the choice between bus,
car, train, or airplane. The objective is to estimate probability of choosing each of the four modes and to
calculate the odds ratios for choice of different modes. The simple MNL can be written as:

Unj = anj + E:nj. (1)
Where
Un]. = the utility of alternate j to individual n, Snj = an error
Xnj = J-vector of observed attributes of alternative j n =1..,N
B = a vector of utility weights J =1, ...,

The probability that person n chooses alternative j is given by:
) ePxnj e9j®
Pr(l | xn) - Zi=1 eﬁxnk - 2£=1 egk(x)' (2)

In this research study, the dependent variables are categories of servitization level: 1 = product
only, 2 = services added to the product, 3 = service differential the product, and 4 = service is the product.

For each choice of dependent variable, assume that p covariates and has a constant term, denoted by the

vector x, of length p + 1, where x, = 1, the multinomial logit model with the value of dependent
variable Y = 1 as a reference outcome can be expressed as:

[Pr(Y = 2|x)] '

g1(x) =1In —Ergy — 1:?2 = Bro + Braxs + Bizxa + -+ Bipkp =X Br- (3)
[pr(Y = 3|x)] ,

g2(x) =In —irgY = 1:?2 = Bao + Ba1X1 + BazXo + -+ Bapkp = X'B2- (4
pr(Y = 4)x)] )

g3(x) =In _ErEY—:lIg = B30 + Bzax1 + Bazxz + -+ Bapxp = X' B3 (5)

Then the conditional probabilities of each outcome category are:
1

PI‘(Y = 1|x) = 1+e91() 4e92(%) 4 93(x) * (6)
P Y 2 egl(x)

I'( - |.X') T 1+e91(0) 4e92(X) 493(%) * 2
P Y 3 egz(x)

I'( - |X) T 1+e91() 4e92(X) eg3(x) " @
P Y 4 eg3(x)

I‘( - |x) T 1+e91(® 4e92(%) 4293(%) &

By taking the log and applying the fact that ), Pr(j|x,) = 1, all these four equations are
associated by consuming the same denominator and by:

Pr(Y =1|x) + Pr(Y = 2|x) + Pr(Y = 3|x) + Pr(Y = 4|x) = 1. (10)
-8-
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Thus
apr(Y = 1|x) + apr(Y = 2|x) + apr(Y = 3|x) 4 OPr(Y=4n) _
ox ox ox ox

0. (11)

In this study, the outcome of Y = 1, product only, is the reference outcome. Marginal effect
describes the average effect of changes in independent variables on the changes in the probability of
dependent variables in multinomial logit model.

w =Pr(Y = 2|x) (1 — Pr(Y = 2|x))B; — Pr(Y = 2|x) Pr(Y = 3|x) B, —
Pr(Y = 2|x) Pr(Y = 4|x) Bs. (12)
w =Pr(Y = 2|x) (Y = 3|x)B; — Pr(1 — Pr(Y = 3|x)) Pr(Y = 3|x) B, —
Pr(Y = 3|x) Pr(Y = 4|x) B;. (13)
w =Pr(Y =2[x) (Y = 4|x)B; — Pr(Y =3|x)(Y = 4|x) B, —
Pr(1 — Pr(Y = 4|x)) Pr(Y = 4|x) Bs. (14)
6Pr(Yax= 1x) _ _ (a Pr(Yax: 2|x) n apr(Yax: 3]x) n 6Pr(;:4|x)). (15)

Data Analysis

To accomplish the research objectives, few data analysis techniques are applied including
descriptive statistics used to explain respondent demographic information; Analytical Hierarchy Process
(AHP) used at the process of customer parwise-comparison on 4 servitization levels; Multiple Regression
Analysis adopted for exploring significant factors; and Multinomial Logit Model (MNL) used to find the
Marginal Effect of each significant factors in this research. The dependent variables are unordered choices
of 4 servitization levels which will be compared by the customers. Research variables are acquired from

literature review and can be defined as shown in Table 2.

Table 2 Variable Coding

Variable

No. Variables Type Measurement Definition
1 LnY2Y1 Dependent Ratio Scale Natural logarithm of the probability of Y = 2
comparedtoY =1
2 LnY3Y1 Dependent Ratio Scale Natural logarithm of the probability of Y = 3
comparedtoY =1
3 LnY4Y1 Dependent Ratio Scale Natural logarithm of the probability of Y = 4
comparedtoY =1
4 Y1 Dependent Ratio Scale Probability of an event Y = 1, Product Only
1 Y2 Dependent Ratio Scale Probability of an event Y = 2, Service added to
the product
2 Y3 Dependent Ratio Scale Probability of an event Y = 3, Service differential
the product
3 Y4 Dependent Ratio Scale Probability of an event Y = 4, Service is the
product
4  MeanPCP Independent Ratio Scale Average score of chemical product only
5 MeanPCB Independent Ratio Scale Average score of chemical blending
6  MeanPCK Independent Ratio Scale Average score of chemical packaging
7 MeanPCS Independent Ratio Scale Average score of chemical storage
8 MeanPCC Independent Ratio Scale Average score of chemical container recycling
9 MeanPCT Independent Ratio Scale Average score of chemical transportation
10 MeanSCD Independent Ratio Scale Average score of chemical documentation
11  MeanSCI Independent Ratio Scale Average score of chemical inventory
12 MeanSCW  Independent Ratio Scale Average score of chemical waste treatment
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No. Variables V?rl;zzle Measurement Definition

13 MeanKCH Independent Ratio Scale Average score of chemical health risk
assessment

14 MeanKES Independent Ratio Scale Average score of environmental and safety
program

15 MeanKWT  Independent Ratio Scale Average score of worker’s training

16 Seg Independent Nominal Segment type

17 Type Independent Nominal Company type

18 Size Independent Nominal Company size

Results

Demographic information of respondents was described by frequency and percentage. Table 3
below shows respondent demographic information.

Demographic Information

The majority of customer segment in the chemical supplier company was in industrial (68.5%)
followed by consumer segment (24%), technology (6.5%), and resource (1%) varies in several types of
company; for example, thinner (13%), food (13%), adhesive (11%), color (9.5%), petrochemical (9%),
respectively. The size of customers was almost the same proportion between large (39.5%) and medium
(36.5%) companies and the rest is small size (24%). Most of the customers’ companies were located in
Bangkok and perimeter (77%), and the rest is located in the East (15%), Central (5%), and others (3%)

region of Thailand.

Table 3 Respondent Demographic Information

Category Frequency Percent (%) Category Frequency Percent (%)
Industry Segment Company Size
Industrial 137 68.5 Small (<50) 48 24
Consumer 48 24 Medium (50-200) 73 36.5
Resource 2 1 Large (>200) 79 39.5
Technology 13 6.5 Total 200 100
Others 0 0
Total 200 100
Company Type Year
Adhesive 22 11  0-5Years 20 10
Ink 8 4 6-10 Years 30 15
Packaging 15 7.5 10-15 Years 35 17.5
Color 19 9.5 > 15 Years 115 57.5
Petrochemical 18 9 Total 200 100
Resin 6 3
Thinner 26 13 Location

Bangkok and

Tyre (Wheel) 8 Perimeter 154 77
Others (Industrial) 16 Central 10 5
Cosmetic 16 East 30 15
Food 26 13 North 2
Medicine 3 1.5 West 1
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Others (Consumer) 3 1.5 South 0 0
Mining 0 0 Total 200 100
Others (Resource) 1 0.5

Electronic 11 5.5

Others (Electronic) 2 1

Other Industry 0 0

Total 200 100

Table 4 explains customer companies by segment and size. It shows that the largest customer
segment is the industrial segment dominated by large size companies (66 of 137 or 48%) followed by
medium size companies (46 of 137 or 34%) and small size companies (25 of 137 or 18%).

Table 4 Respondent Demographic Information by Segment and Size

. Size
Segment / Size Small Medium Large Total

Industrial 25 46 66 137
Consumer 21 19 8 48
Resource 0 1 1 2
Technology 2 7 7 13
Others 0 0 0 0
Total 48 73 79 200

After using AHP technique, probability of each choice of service level is calculated by pairwise
comparison from the respondents. 0.1 consistency ratio is the requirement of the qualification of data from
each respondent. The independent variables are selected by adopting multiple linear regression between
independent variables and log odd value of each service level compared with the base of service level. In
this study, product only is performed as the base of service level comparison. For example, the variable
LnY2Y1 is natural logarithm of the probability of Y = 2 (service added to the product) comparedto Y = 1
(product only). Multiple linear regression models of each log odd comparison were used to measure the
significant level of the influence of independent variables. Only independent variables that meet the criteria
of significant level will be carried further to calculate marginal effect in multinomial logit model in order to
see the changes caused by these variables. As we have 3 groups of independent and dependent variables,
9 multiple regression models were run for the result. Independent variables from product, service and
knowledge categories were plugged-in the model with dependent variables of natural logarithm of the
probability of service added to the product compared to product only level (LnY2Y1), natural logarithm of
the probability of service differential the product compared to product only level (LnY3Y1), and natural
logarithm of the probability of service is the product compared to product only level (LnY4Y1) separately
one at a time. Table 5 shows the results of 9 multiple regression models. As the result, independent
variables that have significant level less than .05 or .1 will be selected and carried further in multinomial
logistic models to find the marginal effects of independent variables toward those four dependent variables.

Table 5 Results of 9 Multiple Regression Models

Model LnY2Y1 LnY3Y1 LnY4Y1
B Std. Error B Std. Error B Std. Error
(Constant) -.379 .620 -.334 727 -.602 .769
MeanPCP -.203%* .078 -.320%* .092 -.219%* .097
MeanPCB -.013 .034 .030 .040 .099** .043
MeanPCK .095 .107 .092 .125 -.047 133
MeanPCS .020 .046 .049 .055 162** .058
MeanPCC .042 .054 -.002 .063 -, 141%* .067
MeanPCT .164* .100 .267* 117 312%* 124
R? =.238, Adjusted R? = .057, R =.275, Adjusted R? = .076, R =.284, Adjusted R? = .081 ,
Sig. =.077* Sig. = .018%* Sig. = .012**
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LnY2Y1 LnY3Y1 LnY4Y1
Model B Std. Error B Std. Error B Std. Error
(Constant) -.671 .551 -1.068 .647 -1.600 .684
MeanSCD .178** .066 .246** .078 .240%* .082
MeanSCI -.005 .056 -.071 .066 .015 .070
MeanSCW -.026 .053 .021 .062 .022 .065
R =.190, Adjusted R? = .036, R =.230, Adjusted R? = .053, R =.242, Adjusted R? = .059,
Sig. = .066* Sig. = .014** Sig. = .008**
LnY2Y1 LnY3Y1 LnY4Y1
Model B Std. Error B Std. Error B Std. Error
(Constant) .244 497 .242 .588 -.633 .618
MeanKCH -.055 .083 -.036 .098 .021 .103
MeanKES 122% .084 .151%* .100 .150%* .105
MeanKWT -.016 .076 -.056 .090 .000 .094

R =.115, Adjusted R? = .013,
Sig. = .456

R? =.116 , Adjusted R? = .014,
Sig. =.444

R? =.181, Adjusted R? = .033,
Sig. = .088*

From the 1%t to the 3™ multiple regression models, the independent variables that are considered
statistically significant are MeanPCP and MeanPCT and have beta value of -.203 and .164 respectively in
the first model, -.329 and .267 in the second model, and MeanPCP, MeanPCB, MeanPCS, MeanPCC, and
MeanPCT have beta value of -.219, .099, .162, -.141, and .312 respectively in the third model. The adjusted
R? value for the first to the third model was .057, .076, and .081 respectively meaning that less than 10%
of the probability of service added to the product was explained by six predictors under product category.
The 1% to the 3™ multiple regression models are:

Y, = —.379 —.203PCP — .013PCB + .095PCK + .020PCS + .042PCC + .164PCT. (16)
Y, = —.334 —.329PCP + .030PCB + .092PCK + .049PCS — .002PCC + .267PCT. (17)
Y; = —.602 — .219PCP + .099PCB — .047PCK + .162PCS — .141PCC + .312PCT. (18)

In the 4™ to the 6™ multiple regression models, the independent variable that is considered
statistically significant is MeanSCD and has beta value of .178, .246, and .240 in the fourth, fifth, and sixth
model, respectively. The adjusted R? value for the first to the third model was .036, .053, and .059
respectively meaning that less than 10% of the probability of service differential the product was explained
by three predictors under service category. The 4™ to the 6™ multiple regression models are:

Y, = —671+.178SCD — .005SCI — .026SCW. (19)
7. = —1.068 + .246SCD — .071SCI — .021SCW. (20)
Y, = —1.600 + .240SCD — .015SCI — .022SCW. (21)

While the 7 to the 9% multiple regression models, the independent variable that is considered
statistically significant is MeanKES and has beta value of .122, .151, and .150 in the seventh, eighth, and
ninth model, respectively. The adjusted R? value for the first to the third model was .013, .014, and .033
respectively meaning that less than 10% of the probability of service differential the product was explained
by three predictors under knowledge category. The 7t to 9t multiple regression models are:

¥, = 244 — 055KCH + .122KES — .016KWT. (22)
Yy = .242 — .036KCH + .151KES — .056KWT. (23)
%, = —.633 +.021KCH + .150KES + .000KWT. (24)

Based on the result of nine multiple regression models, 7 significant factors of the 4-category
service levels are MeanPCP, MeanPCB, MeanPCS, MeanPCC, MeanPCT, MeanSCD, and MeanKES. These
variables were used for finding the average marginal effects. The Average Marginal Effects (AMEs) was
combined and convenient way to compute marginal effect of each dependent variable at every observed
value of independent variable and average through the estimation of resulting effects (Leeper, 2017).
Findings based upon the estimated equation (11) to (14) can be generated that 7 attributes were significant
as presented in Table 6. This data indicates and distinguishes the 4-category service levels.

Data shown in Table 6 is the result of the average marginal effect of 7 significant factors calculated
from equation (11) to (14). The 7 significant variables from 4-category service levels illustrated in Table 5
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were chemical product only, chemical blending, chemical storage, chemical container recycling,
transportation, chemical document, and environmental and safety programs.

Table 6 Logit Average Marginal Effects of Significant Factors of Four Categories Service Levels

Logit average marginal effects

No. Significant Attributes Product Service Service Service is
Only Added to Differential the
the the Product Product
Product
1 MeanPCP: Chemical Product Only 0.054 0.0003 -0.015 -0.039
2 MeanPCB: Chemical Blending -0.008 -0.006 -0.006 0.020
3 MeanPCS: Chemical Storage -0.013 -0.010 -0.009 0.033
4 MeanPCC: Chemical Container Recycling 0.012 0.009 0.008 -0.029
5 MeanPCT: Transportation 0.115 -0.008 -0.069 -0.069
6 MeanSCD: Chemical Documentation -.066 -.008 .039 .035
7 MeanKES: Chemical Environmental and -.005 -.024 .015 .014

Safety Programs

The marginal effect of the first variable, chemical product only, toward 4-category service levels
shows that product only level is the service level that customers who focus on purchasing chemical product
only should basically be concentrated compared to the others 3 service levels of service added to the
product, service differential the product, and service is the product level. The marginal effect of 0.054
indicates that if there is an increase in the demand of chemical product only by one unit, the service of
product only will be more likely to be selected at 5.4%. This research finding was consistent with the study
of Eder, Delgado, Kortman, and Studies (2006). In terms of chemical product, traditional business models
are focusing on selling chemical product by volume. Chemical suppliers do not have incentive to provide
additional services, but they earn money by selling more amount of chemicals.

Secondly, for the chemical blending, service is the product was the preferable service customers

want. The marginal effect of 0.02 can be explained that if there is an increase in the demand of chemical
blending by one unit, the service level of service is the product will be more likely to be chosen by 2%. On
the contrary, the marginal effect of the service level of product only is -0.008, this means the service level
of product only will be less likely to be chosen by 0.8% if the demand of chemical blending increases by
one unit. Moreover, the service level of service added to the product and service differential the product is
also less likely to be selected by 6% if the level of chemical blending demand is increased by one unit
because the marginal effect is -0.06. The good evident to support this finding is that chemical suppliers in
developed countries, not only world leading companies for example Dow chemical but also local suppliers
in North America, Europe, and Japan provide chemical blending service to their customer as bundle
solution. They are concerning about safety and setting the highest priority when blending chemicals. With
their highly equipped and experiences, this service is provided as custom solution to meet their customer
requirement.
The third significant variable is chemical storage. The marginal effect shows that chemical supplier should
provide service level of service as the product for customers who has requirement on chemical storage.
The marginal effect of .033 indicates that when the demand of chemical storage increases by one unit, the
service level of service is the product is more likely to be selected by 3.3%. This is opposite to the other
three service levels that have negative marginal effects. From the result of marginal effect in table 6, it can
be interpreted that when the demand of chemical storage increases by one unit, the service levels of
chemical only, service added to the product, and service differential the product are less likely to be chosen
by 1.3%, 1%, and 0.9%, respectively.

The next significant variable is chemical container recycling. The 0.012 marginal effect of product
only level indicates that if the customer demand of chemical container recycling raises up one unit, the
service level of product only is more likely to be selected at 1.2% of probability. Other two service levels
are also having positive effects. Service added to the product and service differential the product are also
more likely to be preferred at 0.8% and 0.9% respectively when the demand of chemical container
recycling increases by one unit.

Transportation is another significant factor to be considered. The marginal effect of 0.115 can be
explained that if the demand of transportation moves up one unit, the service level of product only is more
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likely to be chosen by 11.5%. While the other three service levels have negative marginal effect. Service
added to the product, service differential the product, and service is the product are less likely to be select
by 0.8%, 6.9% and 6.9%, respectively, when the demand of transportation from customer shifts up one
unit.

The sixth significant factor is chemical documentation. The positive value of the marginal effect
relates to a positive impact of this factor toward service level of service differential the product and service
is the product. This means service differential the product and service is the product are more likely to be
selected with the probability of 3.9% and 3.5% respectively. This can also be explained that the product
only, and service added to the product service levels have negative impact by -6.6% and -0.8% of
probability respectively when the demand of chemical documentation increases by one unit. Therefore,
customers are more intended to require differential services and service solution when they have more
demand of chemical documentation.

The last significance for 4-category service level is chemical environmental and safety programs.
The marginal effect sign explains that both service differential the product and service is the product will
respond the request of customer on chemical environmental and safety programs. With marginal effect of
0.15 and 0.14, this implies that service differential and service is the product are more likely to be selected
with probability of 1.5% and 1.4% respectively if the customer demand of chemical environmental and
safety programs rises up one unit.

Discussion and Conclusion

The objectives of this paper were achieved. Firstly, chemical servitization framework was
developed and consisted of two parts. The first part of the framework was composed of the three
dimensions of customer segments, servitization levels and PSK system, and the second part was the
suggestions for Thai chemical suppliers. The research explored the relationship between 4-category service
levels and chemical customer requirements. The four service levels were product only, service added to
the product, service differential the product and service is the product (Thoben, Eschenbacher, & Jagdeyv,
2001), and each service level has its own attractiveness of services to be composed of. The questionnaire
was distributed to gather data, and descriptive statistics, Analytical Hierarchy Process (AHP), Multiple Linear
Regression, and Multinomial Logit Model (MNL) were adopted for data analysis. Secondly, seven substantial
factors were identified in order to analyze the service level of customer needs. These significant attributes
were chemical product only, chemical blending, chemical storage, chemical container recycling,
transportation, chemical documentation, and environmental and safety programs. With different
component of services, each service level proposes its own character to meet customer requirement. The
marginal effects explain better view which determinant should be focus to improve supplier service
offerings for customers.

The research findings highlight the significant attributes of chemical service levels. There will be
several guidelines for chemical suppliers to propose service offerings to their customer from this research.
For chemical suppliers who propose chemical product only should offer not only selling chemical product
in large volume for discount price, but also providing chemical container recycling and transportation
services in order to facilitate their customers. Suppliers who have a business model of service differential
the product should offer chemical documentation and environmental and safety programs services because
their customers want special services rather than just the chemical products only. Suppliers who desire to
change their business model from selling tangible products to providing chemical solutions should offer
chemical blending, chemical storage, chemical documentation, and environmental and safety programs as
bundle services along with chemical products to their customers. However, the study didn't have any
suggestions for the suppliers who propose service with the product business model because the results did
not show any chemical services that have enough impact to be included in this category. For the future
study, researcher might examine some other attributes that have impacts on this service level. Future
study may also investigate variables of these 4-category service levels in chemical industry in other
industries in Thailand or the chemical industry in other countries. Substantial contributions for this paper
are that this study is the first research proposing chemical servitization framework in Thailand and also
providing guidance to chemical suppliers for different service level in order to meet their customers’
requirements.

Results of the multiple regression models in Table 5 show low values of R-square in every model.
The researchers worried about this issue, and were afraid that the low value of R-square would not be
acceptable because the models were not well-defined. However, we found a book from Neter, Wasserman,
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and Kutner (1985) explaining that R-square is not a measurement of fit, but it measures the explanatory
of power. R-square could be low number because the researchers did not expect the model included all
the relevant predictors to explain the dependent variables. Eventhough R-square is small, ranging from
.012 to .081, but it is different from zero value. This can be indicated that the multiple regression models
have statistically significant explanatory power with small effect size. In the social sciences where the
models are difficult to specify, low R-square values are often expected.
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Abstract

In this paper, we introduced models for zero inflated and zero truncated based on the
negative binomial-weighted Garima (NB-WG) distribution. The zero inflated negative binomial-
weighted Garima (ZINB-WG) distribution is a discrete probability distribution for the excessive
zero counts and overdispersion which is a mixture of Bernoulli distribution and negative
binomial- weighted Garima (NB-WG) distribution. Meanwhile, a new zero truncated distribution
named as the zero truncated negative binomial- weighted Garima (ZTNB-WG) distribution can
be used when the response variable is the set of positive integers. Some properties of the two
different versions of NB-WG distribution are discussed and the estimation of the parameters is
derived by maximum likelihood method (MLE). In addition, the usefulness of the proposed
distributions is illustrated by real data sets.

Keywords: zero inflated distribution, zero truncated distribution, negative binomial-weighted
Garima distribution, count data, maximum likelihood estimation

Introduction

Modeling of count data is used to analyze non-negative integer outcomes in different
fields of study such as insurance, medical, psychology, engineering, etc. The Poisson distribution
is a classical tool for count data analysis but its underlying equidispersion condition, therefore,
the negative binomial (NB) distribution is a commonly used alternative to the Poisson
distribution for describing count data with overdispersion. Count data may either have an
excess number of zeros (zero inflation: ZI) or the situation where the value zero do not exist
(zero truncation: ZT). For ZI count data, a few common examples of such data are the number
of claims for each policyholder, the number of people who tested positive for HIV in each cluster,
and the number of day of hospitalizations. Several probabilistic models have been proposed to
model count data with excess zeros. The zero inflated Poisson (ZIP) was first introduced by
Lambert (1992) for handing excess of zero counts only if there is no overdispersion. However,
the excessive zeros situation can cause overdispersion, for this data the zero inflated negative
binomial (ZINB), zero-inflated generalized Poisson (ZIGP), and zero inflated double Poisson
(ZIDP) are more appropriate (Greene, 1994; Ridout et al., 1998; Yang et al., 2009; Phang &
Loh, 2013). In addition, zero inflated mixed NB distributions have been recently defined as
alternative models which often have desirable properties for modeling count data with excess
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zeros. The models contain a mixture of Bernoulli distribution and mixed NB distribution that
include the zero inflated negative binomial-generalized exponential (ZINB-GE) distribution
(Aryuyuen et al., 2014), zero inflated negative binomial-Crack (ZINB-CR) distribution (Saengthong
et al.,, 2015), zero inflated negative binomial-Sushila (ZINB-S) distribution (Yamrubboon et al., 2017),
and zero inflated negative binomial-Erlang (ZINB-EL) distribution (Bodhisuwan et al., 2018).

On the other hand, the ZT model, a special case of the left-truncated model with
cutpoint at zero, is applied for analyzing count data except for zero. Some examples of such
data include: the number of ever born children, the length of stay in the intensive care unit
(ICU) once a patient is admitted, the number of European red mites on apple leaves, and the
number of items in a shopper's basket at a supermarket checkout line. For modeling the data
as mentioned above, typically, zero truncated Poisson (ZTP) or zero truncated negative
binomial (ZTNB) is assumed. Furthermore, many studies have shown that the zero truncated
mixed/compound Poisson or negative binomial are more suitable for the ZT count data than
ZTP and ZTNB such as zero truncated Poisson—Lindley (ZTPL) distribution (Ghitany et al., 2008),
zero truncated Poisson—Garima (ZTPG) distribution (Shanker & Shukla, 2017), zero truncated
Poisson-Ishita (ZTPI) distribution (Shukla et al., 2020), zero truncated negative binomial-generalized
exponential (ZTNB-GE) distribution (Bodhisuwan, 2016), and zero truncated negative binomial-Erlang
(ZTNB-EL) distribution (Bodhisuwan et al., 2017).

The negative binomial-weighted Garima (NB-WG) distribution is a new mixed NB
distribution that includes three-parameters introduced by Bodhisuwan & Saengthong (2020). It
represents generalization of distribution for count data, including the negative binomial-Garima
(NB-G), and negative binomial-size biased Garima (NB-SBG). This new distribution has a heavy
tail with positive skewness and may be considered as a preferable alternative for modeling
over/underdispersed count data. Therefore, in this work, we proposed the alternative zero
infated and zero truncated models based on the NB-WG distribution for count data analysis.

For the rest of this paper, the constructions of zero inflated and zero truncated negative
binomial — weighted Garima distributions, along with their some mathematical properties are
provided in Sections 2 and 3. Sections 4 is reserved to the parameter estimation and the usefulness
of the proposed distributions is illustrated in Section 5. Finally, the conclusions of the paper are
presented in Section 6.

Methods
1) The zero inflated negative binomial-weighted Garima distribution
The probability mass function (pmf) of a zero inflated distribution is defined by

o+(1-w)h(0) x=0
g(x):{(l—a))h(x) X=12,... (1)

where x is the count-valued random variable, o is the zero inflation parameter (0<w<1), and
h(.) is the pmf of the parent count model.
Now, we propose the zero inflated negative binomial-weighted Garima (ZINB-WG)

distribution, which is a mixture of two distributions between Bernoulli and NB-WG distributions.
Definition 1. Let X |ﬂ be a random variable following a NB distribution with parameter r >0 and
p=exp(-4), i.e.,, X|AUNB(r,p=exp(-1)). If 2 is distributed as the WG distribution with
positive parameters ¢ and g, denoted by 2100 WG (6, 8),then X is called a random variable of
the NB-WG(r,0, ) distribution.
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Theorem 1. If X [ NB-WG(r,6, ), then the pmf and the factorial moment of order k of the
distribution are given as

h(x;r,e.ﬂ)=w+ﬂi—i)r(ﬁ)(r+xx_lj

(X)), i (0+1)(0+r+ )T (B)+60(B+1)
XJ‘ZO(JJ( ) (9+r+j)ﬂ+l ’ 2)

and

I(r+k)& (k](_l),. 0" [ (0+1)(0—k+ j)F(,B)+9F(ﬁ+1)]] )

ﬂlkl(x)zwz i (0+p+1)(0-k+])"T(p)

j=0
where x = 0,1,2,..., for r,6 and g >0.
Proof: (see Bodhisuwan & Saengthong (2020)).

Definition 2. Let X be a random variable of NB-WG distribution with pmf h(x;r,6, ) defined
as in (2) and g(x) in (1) is a pmf of the ZI distribution. Then g(x) is a pmf of ZINB-WG
distribution with parameters r,0, 8 and w.

Theorem 2. If X [1 ZINB-WG(r,0, B,0), the pmf of the distribution is given by

+(1-w o’ (6+1)(0+1)T(B)+r(B+1) .
10} (1 )(g+ﬁ+1)F(ﬂ)[ (I9+I’)ﬂ+1 Xx=0
X.r,0,8,w)= _we—/’ r+x-1
g(: 0,p ) (1 )(9+ﬂ+1)1"(ﬁ)[ X j (4)
x (X i (0+1)(0+1+ )T (B)+0(B+1) .
X;(jj(_l) (9+r+j)ﬁ+1 x=12,...,

where shape parameters r, 3>0 and scale parameters 9 >0, 0 < w <1.

Proof: By Definition 2, the pmf of the ZINB-WG distribution is obtained by substituting (2) into
(1).

Figure 1 shows some specified parameters r,0, 5, and » of the ZINB-WG distribution
and their graphs. From the graphs it can be observed that the distribution has a positive skew
and seems to be flat when @ is decreasing or o is increasing. In addition, the pmf of the ZINB-GE
distribution can take different shapes when values of r or g differ.
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Figure 1 Some pmf plots of the ZINB-WG random variable with specified parameters r,9, 5
and o.
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Theorem 3. If X [1 ZINB-WG(r,0, ,), some basic properties are:
(a) The k™ moment of X is given by

£(x')=(1-0) S [

(0+p+1)r(B) = X (5)
Xi[%j(_l)j (6+1)(0+r+ j)l“(.ﬁ/})+;tﬂ“(ﬂ+1) K12
j=0 ] (9+ r+ J)
(b) The mean and variance are given as
s _
£(x) = (1-a)r| ZAOODD) )
(6+B+1)(0-1)
Var(X) = E(X?)~(E(X))’
B _ B _
:(1_w)[<r2+r)[e ((0+1)( 2>+j€>}(zrz+r){9 ((0+1)(@ 1>+5§>]+er
(6+B+1)(60-2) (6+B+1)(6-1)
_{(1_@{9/3 ((9+1)(9—1)+£f})_1ﬁ |
(0+p+1)(0-1)
2) The zero truncated negative binomial-weighted Garima distribution
The pmf of the zero truncated distribution is defined as
g(x) h(x) X=12,..., (6)

“1-h(0)
where h(x) is a pmf of the non-truncated distribution.
Definition 3. Let X be a random variable of NB-WG distribution with pmf h(x;r,0,8) defined as

in (2) and g(x) in (6) is a pmf of the ZT distribution. Then g(x) is a pmf of zero truncated
negative binomial — weighted Garima (ZTNB-WG) distribution with parameters r,0 and g.

Theorem 4. If X [1 ZTNB-WG(r,6, ), the pmf of the distribution is given by

_ 1 o* r+x-1
g(x'r'g'ﬂ)_1—h(0)((9+ﬁ+1)1"(ﬂ)}( X J
(X i (0+1)(0+r+ ) (B)+6r(B+1) ;
JZ_;[J)( Y (6+r+j)" , )
where x = 1,2,... , for shape parameters r, 5 > 0, scale parameter 6 >0 and
h(0)= 0’ (0+1)(0+1)T(B)+60(B+1) .
(60+B+1)I(B) (6+ r)/m

Proof: By Definition 3, substitute (2) into (6), then the pmf for the ZTNB-WG distribution can be
expressed as (7).

Some characteristics and graphs of the ZTNB-WG distribution with specified values of
parameters r,0 and g are provided in Figure 2. It shows that the distribution has a positively
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skewed and seems to be flat when ¢ is decreasing. Likewise, parameters r and B are those

whose effect on the shape of this distribution.
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Figure 2 Some pmf plots of the ZTNB-WG random variable with specified parameters r,6 and 2.
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Theorem 5. If X [0 ZTNB-WG(r, 0, 8), some mathematical properties are:
(a) The factorial moment of order k of X is given by
1 F(r+k)zk:[kj(_l)j 0’ [(0+1)(6—k+ )T (B)+6r(p+1)]

1-h(0) r(r) S\ (0+p+1)(0-k+j)"'T(B)

0’ (0+1)(0+1)T(B)+0r(B+1)
(9+ﬂ+1)1"(ﬁ)[ (9+r)ﬂ”

lu[,k] (X) = (8)

where k =1,2,...,for r,6,4>0 and h(0)=

Proof: If X |40 NB(r, p=exp(-2)) which is weighted by and A0WG(6,), then the

1
1-h(0)
factorial moment of order k of X can be derived from

1

Hig (X)=E, {mfuk (X M):I
_ E{ L r(”")(1“9*)1

1-h(0) I'(r) e~

1 I(r+k)

T h(0) T(r) (e -1)"

Applying the binomial expansion for the term (e* —1)k , we have

Ha (%)= 1_;(0) F(rr(:)k)jzk;(l(')(_l)j E. ()

]

54w -,

1 I(r+k)

J
Based on the mgf of the WG distribution (see Bodhisuwan & Saengthong (2020), y['k](x) can

I

[EEN
|

=
—_
o
SN
-
—
-
SN
I \g

be written as (8).

(b) The mean and variance are given by

r{9/}((.9+1)(9—1)+9ﬂ)}r

(0+p+1)(6-1)""

(%)= o) ,

and

Var(X) = 1 (1 4r) eﬂ((6+1)(0—2)+:9,8)_Zeﬂ((9+1)(9—1)+9ﬂ)+1
~1-h(0) (6+B+1)(0-2)"  (6+p+1)(0-1)"

[r{ﬁﬁ((0+1)(0—1)+9ﬁ)]_r}2
+r[9ﬁ ((9+1)(9—l)+0ﬂ)}_r]_ (‘9"',3'*‘1)(9—1)5”

(0+p+1)(6-1)"" (1-h(0))’

-7-
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Parameter estimation

In this part, the estimation of parameters for ZINB-WG(r,6,5,w) and ZTNB-WG(r,6, )

via the maximum likelihood estimation (MLE) are provided.
(a) MLE for the ZINB-WG distribution

In order to find a MLE, we first need to compute the likelihood function which can be
obtained by

nsa o oS

Gl

Xim(_l)j (0+1)(0+1+ j)F(ﬁ)+9F(ﬁ+1)]]’
=0\ J

(9+r+j)ﬂ+1

i=1

from which we calculate the log-likelihood function
logL(r,8,8,0)="1((r,0,5 )

B O (PN (Ca [ Gk LV RN Vs,
_;{Imo)lg{w ) (0+B+1)(0+1)"T(p) ]

1420 (Iog(l—a))+ﬂlog(9)—Iog(9+ﬁ+1)—logl“(ﬂ)+Iog(r+xi -1)!

_Iog(r—l)!—log(xi)!+Iog2£x_i](—l)j (O+)(@+r+ TP+ (A1) ||
i\ J (O+r+]j)
It can be verified that the first partial derivatives ¢(r,6, 8,®) with respect to r,0,3 and o we

then obtain the following differential equations:
0

—((r.0.5,0)
I [ (@) w—((e+)w+5)(5 +1))
. (1-) (6+B+1)w"2
=2 lo & (0r1)wr(p)+or(5+1))
a)+( a)) (0+ﬂ+1)wﬂ+1r(ﬂ)

+I(xi>0) (//(r—i—Xi)—lﬂ(r)
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X% Xi . N n
e R (R ey
j=

+

i(x‘j(—l)i (0+1)w,L(B)+6r(5+1)

i p+1
=\ J W

r'(k
where (k)= (k) is the digamma function.

T (k)
%e(r,a,ﬂ,w)

(1_a))[(€”w(ﬁ+1)l"(ﬁ)+6/’ (0+1)T(B)+6" WL (B+1)+6"T (B + Z)J
(6+B+1)W™"T(B)
0’ ((0+1)wr(B)+6r(B+1))
(6+B+1)W™T ()

{(HﬂF(,B)((0+l)w+Hﬂ))(wﬂr(ﬂ)((ﬁ+ﬁ+l)(ﬂ+1)+w))ﬁ

=Z;4 lx-0)

o+(1-o)

((0+p+)w'r(p))

6’ ((0+1)wr'(B)+6r(B+1))

w+(i-o) (0+B+1)Wr(p)

o | B e o (e (s
Ny i[xij(_l),- (0+1)w,L(B)+or(p+1)

; B+l
j W,

i=0

(B)w[(0+1)wr(p)+er(5+1)])
i[Xij(—l)j (0+1)w,(B)+0r(s+1)

i p+1
J W

i=0

0
ﬁﬂr,@,ﬂ,w)

(6+B+1)w

(1_0)){[% ((6+1)w(w (B)+1og(6))+ 6B (w (B+1)+log(6)))

(x=0)

Il
-

0’ ((0+1)wr(B)+6r(B+1))

o+(1-o) (6+B+1)W™"T(B)
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_[aﬂ (0 +1)wr(B)+ar (B+1))((0+B+1)y (B)+(6+ B +1)log w+1)}]
(0+ p+1)° WT(B)
0" ((0+1)wI'(B)+6r (B+1))
(0+B+1)W™"T ()

o+(1-w)

+1

(%>0) IOg(Q)_6+ﬂ+1_‘/’(ﬁ)

Jﬁ;‘[?j(—l)i {wj*ﬁ—l[(0+1)er(ﬂ)w(ﬂ)+9r(p+1)‘,,(ﬂ+1ﬂ

i(X' j(—l)j (0+1)w,I(p)+6or(p+1)
j Wj/j+1

i=0

W [(8+)wr () +6r (5 +1) logw |
[Xi](—l)j O+ 1w (§)+r (5 +1)

: p+1
J W

=0

and

o
%é(r,e,ﬂ,a))

1_{eﬂ((9+1)(9+r)r(ﬁ)wr(ml))J
(0+p+1)(0+r)"T(p) ) (Lj
=i I @ nrp)rar(p) | O1-0)
(0+p+1)(0+1)""T(p)

where w=r+6 and w, =r+6+j.
These differential equations cannot be solved analytically, as they need to rely on
Newton-Raphson method to approximate MLE. The ML estimates of f,6,3 and & can be

obtained by using numerical optimization with the nonlinear minimization (nlm) function in R
package, namely stats (R Core Team, 2020). Therefore, we use the negative log-likelihood function
as minimizing that is equivalent to maximizing the log-likelihood function.

(b) MLE for the ZTNB-WG distribution
The likelihood function of the ZTNB-WG(r,6, #) distribution is given by

_ 0’ n(r+x -1
L(r.0,8)= (1—h(0))(9+ﬁ+1)r(ﬂ)l:l[( X j
Xi(xij(_l)j (0+1)(0+r+ )T (B)+6r(B+1)

] (@+r+j)y™
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wherex = 1,2,..., for r,6, >0 and h(0)= 0" (‘9+1)(9+r)r(ﬂ):r9r(ﬂ+1) _
(0+B+1)T(B) (+r)”
The log-likelihood function can be calculated as

logL(r,0,8)=1((r,6,5)

- g[log(mr X —1)l-log X --log(r —1)!]+nplog () —nlog (6 + B +1)

-n IogF(ﬁ)+zn:{|ogi[x_ij(_l)j (0+1)(0+r+ j)r(_ﬁ,ljgr(ﬂﬂ)}
EAREREA (O+r+j)
“nlog 1_9'”(9+1)(9+r)r(/3)j:9r(/;+1) |
(6+p8+1)(0+1)"" T(p)
The first partial derivative of ¢(r,6, ) with respectto r,6 and g are given as follows:
0
ae(r,e,ﬂ)

=Z:1:y/(r+xi)—ny/(r)

XZ[Xi}H)j{<e+1)w;f’-1r(ﬂ)—(ﬂ+1)w;’“ [(o=ywr(p)+or(s+1)]

< =0 J
(%) _qyi (XYW (B)+or(+1)
Z( J](_l) Wj/m
0" (0+1)w—((0+1)w+0B)(S+1))
(0+p+1)w*?
1_eﬂ(e+1)(9+r)r(ﬂ)+ar(ﬁ+1) ’
(0+B+1)(0+1)" T (B)

+

j=0

+Nn

r'(k) . .
where v (k)=——="is the digamma function.

r'(k)

n %(T ](_1)1 {Wj‘/f—l [er(ﬂ)+(0+1)F(,b’)+1“(ﬂ+1)]
+; XZ[Xi](—l)j (0+1)w,I(B)+6r(B+1)

H p+l
i W,
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(B+1)w’? [(0+1)le"(ﬂ)+€l"(ﬂ+l)]}
Z(xi](_l)j (0+1)w,(B)+0r(s+1)

H p+1
J W

i0

(6+B+1)W™T(B)
1_0/’(0+1)(9+r)1“(,8)+6’1“(ﬁ+1)
(6+p4+1)(0+r)"T(B)
[(eﬂr(ﬂ)((9+1)w+e,3))(wﬂr )(0+8+1) ﬁ+1)+w))]
((o+p+1)w 1r(ﬂ))
07 (0+1)(0+r)T(B)+6r(B+1)
(6+p+1)(0+1)""T(B)

(9”W(ﬂ+1)1"(ﬂ)+9ﬂ(6+1)1"(ﬁ)+6ﬂ1w1"(ﬁ+1)+9”1“(/3+2)j

+Nn

and
%e(r,e,ﬂ)
=n|og(¢9)—0+ﬁ+1—nz//(ﬂ)
3 e Lo () o v +0)]
+.21: i[x-ij(‘l)j (6+1)w,r(B)+6r(B+1)
= j Wj/m
W 1(9+1) T (f)+0r (p+1)]logw,|
[ (0+1)w,L(B)+0r(B+1)
= J W/zl
0’ ((0+1)w(y (B)+log())+ 6B (w (B +1)+log(0)))
(0+B+1)w*
i O (0)(0+1)T(F)+ar (5 +])
(0+B+1)(0+1)"T(p)
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[aﬂ ((«9+1)WF(,B)+6’1‘(ﬂ+1))((49+/}+1)y/(/3)+(¢9+ﬂ+1)logW+1)J
(0+p+1)° WT(B)
0" (0+1)(0+1)T(B)+6r (S+1)
(6+p+1)(0+1)"" T(B)

1-

where w=r+6 and w, =r+6+ j.

The ML estimators of the ZTNB-WG distribution are obtained by solving the above partial
derivative equations by using the nlm function in R package.

Results and discussion

In this section, we discuss applications of the ZINB-WG and ZTNB-WG distributions to
four real data sets. The first and second data sets are considered to fit with the ZIP, ZINB, and
ZINB-WG distributions, while the third and fourht data sets are used to illustrate the flexibility
of the ZTP, ZTNB, and ZTNB-WG distributions.

The first data set is studied on the number of major derogatory reports (MDRs) in the
credit history of individual credit card applicants (see Greene (1994)). As shown in Table 1, the
percentage of zero in the number of MDRs is 80.36 and the variance-to-mean ratio or index of
dispersion (ID) is 3.298, indicating that there is overdispersion (ID > 1) with a mean = 0.456,
variance = 1.810 and a high percentage of zeros. Additionally, the second data set is due to
Klugman et al. (2019) regarding the number of runs scored in each half-inning of World Series
baseball games played from 1947 through 1960, which is displayed in Table 2. This data has
72.97% of zeros, mean = 0.484, and variance = 1.075. Likewise, it has overdispersion with an
index of dispersion equal to 2.220.

The third data set contains of the number of households having at least one migrant
from households according to the number of migrants (see Singh & Yadava (1981)). Based on
mean = 1.547, variance = 0.819 and ID = 0.529, it can be indicated that this dataset presents
an underdispersed data (ID < 1). The fitting results are shown in Table 3. Lastly, we consider the
fourth data set in Table 4 which reports the number of mothers of the rural area with at least
two live births by the number of infant and child deaths (see Shanker (2016)), in which the
mean, variance, and ID are 1.403, 0.598, and 0.426 respectively (underdispersion).

According to the results of the distribution fitting, the best distribution is the
distribution that corresponds to lower values of negative log-likelihood and a higher p-value of
chi-square goodness of fit test. From the results in Table 1-4, we can conclude that the ZINB-
WG and ZTNB-WG distributions are competing well against the others and gives a satisfactory
fit.
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Table 1 observed and expected frequencies for the consumer credit behavior data.

Fitting distributions

No. of MDRs Observed
ZIP ZINB ZINB-WG
0 1060 1059.99 1060.08 1060.08
1 137 80.32 94.17 132.96
2 50 80.90 72.86 54.34
3 24 54.31 45.17 27.41
4 17 27.35 24.52 15.38
5 11 11.02 12.18 9.25
6 5.85
; 5.11 10.02 }13_72
8-14
Estimated parameters 1=2.0142 f =3.9566 f =8.0652
®=0.7734 p=0.6878 6 =5.0944
& =0.7459 p=0.2664
»=0.1932
Negative Log-Likelihood 1140.513 1091.034 1055.526
Chi-squares 116.076 48.936 1.635
Degree of freedom 4 3 3
p-value <0.0001 <0.0001 0.6514
Table 2 observed and expected frequencies for the runs scored data.
Fitting distributions
No. of Runs Observed
ZIP ZINB ZINB-WG
0 1023 793.88 1023.01 1022.69
1 222 401.81 196.05 221.71
2 87 156.41 107.72 86.24
3 32 40.59 47.41 37.15
4 18 18.28 17.07
5 1 9.31 529
6 9.54 } 6 01
7+
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Estimated parameters 1=1.3064 f =3.9622 f=12.4731
&»=0.6293 p=0.7785 6 =15.3552
&=0.5703 =0.6626
@=0.1981
Negative Log-Likelihood 1311.282 1293.623 1283.016
Chi-squares 267.630 23.915 1.705
Degree of freedom 2 2 2
p-value 0 <0.0001 0.4264
Table 3 observed and expected frequencies for the migration data.
No. of Migrant Observed Fitting distributions
ZTP ZTNB ZTNB-WG
1 375 353.98 363.88 376.19
2 143 167.70 155.13 141.38
3 49 52.96 51.46 48.24
4 17 16.04
5 2
6 2 15.36 19.53 8.15
7 1
8 1
Estimated parameters 1=0.9475 f=4.9786 f =4.5082
p=0.8574 6 =32.8190
S =4.4986
Negative Log-Likelihood 601.645 595.277 592.732
Chi-squares 8.987 2.022 0.659
Degree of freedom 2 1 1
p-value 0.0112 0.1534 0.4168
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Table 4 observed and expected frequencies for the mortality data.

No. of Infant and ob d Fitting distributions
. serve
Child Deaths ZTP ZTNB ZTNB-WG
1 745 708.87 722.10 746.64
2 212 255.11 236.22 204.63
3 50 61.21 61.83 59.87
4 21 18.27
17.85
5 7 12.81 } 8.58
6 3
Estimated parameters 1=0.7198 f =3.9940 f=0.7688
p=0.8690 0 =78.2835
=28.4131
Negative Log-Likelihood 889.844 878.842 872.491
Chi-squares 37.003 15.169 2.537
Degree of freedom 2 1 1
p-value <0.0001 <0.0001 0.1112
Conclusion

This paper presents zero modified versions of the NB-WG distribution, which are ZINB-
WG and ZTNB-WG distributions. Some mathematical properties involving mean, variance, and
k" factorial moment of the proposed distributions have been derived. The parameter estimation
via the maximum likelihood method is also implemented. Finally, the efficiency of the ZINB-WG
and ZTNB-WG distributions compared to other traditional probability distributions are illustrated
by real data sets.
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Abstract
This study focus on a Poisson algebra A=0[X,y,z] with a Poisson bracket

{X, y} =YX+, {y, Z} =ZYy + X, {Z, X} =XZ+Y. There are precisely five Poisson maximal

ideals as following.
A+ YA+ ZA,

J; =X

J, =(x+1) A+ (y+1) A+(
Jy=(x+1)A+(y-1)A+(z-1)A
J,=( A+(

Js = (

1 =

N—"

s =(Xx-1)A+(y-1)A+(z+1)A
In this research, we determine the finite dimensional simple Poisson modules
annihilated by J;; i=12,...,5.

Keywords: Poisson algebra, Poisson module, simple Poisson module, finite-demensional
simple Poisson module

Introduction

The Poisson algebra is an algebra with the brackets, called Poisson bracket, introduced
in 1809 by Joseph-Louis Lagrange and his student, Siméon-Denis de Poisson, as an algorithm
useful to produce solutions of motion. It is the impotant tool to study in Mathematics and
Physics. There are many mathematicians study a Poisson algebra as a Poisson geometry,
quantum group and deformation of commutative associative algebras. In Physics, a Poisson
algebra is crucial for study the deformation quantization, Hamiltonian mechanic and topological
field theories.

There are many authors who interested in a Poisson algebra. The study on a Poisson
algebra as an operator algebras are wildly study. Sasom (2006) used the direct method
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constructed the Poisson algebra from the algebra T and the quantized enveloping algebra
U, (SIZ). She found the Poisson maximal ideals of each Poisson algebra and determined the

Poisson modules annihilated by each Poisson maximal ideal. After that, Jordan (2010) applied
the method in Erdmann and Wildon (2006) (low-dimensional Lie algebra) to the Poisson

algebra constructed from the quantized enveloping algebra Uq(slz), a Poisson algebra B,

presented in Sasom (2006). He showed that there was a unique d -dimensional simple Poisson
module over B annihilated by each Poisson maximal ideals for each d >1. Afterwards, Sasom

(2012) studied the Poisson algebra A=[] [X,y,z] with a Poisson bracket {X,y}=yx+z,

{y,z} =zy+xand {z,x} =xz+y. She found that there were precisely five Poisson maximal

ideals as the following.
1= XA+ yA+ZA,

, =(X+)A+(y+1) A+ (z+1) A
s =(Xx+1)A+(y-1)A+(z-1)A
s =(X-1)A+(y+1)A+(z-1)A,
J=(x-1)A+(y-1)A+(z+1)A

She used the direct method constructed the Poisson modules which annihilated by each
J;i=1...,5. Later, Changtong and Sasom (2018) studied the Poisson algebra

J
J
J
J

A=T[x,Y,2] with a Poisson bracket {X,y}=yx+X+Yy+z, {y,z}=zy+X+Yy+Z and
{z,x}=xz+X+y+2z. They found that there were only two Poisson maximal ideals

J,=XA+YyA+ZA and J, =(x+3)A+(y+3)A+(z+3)A. They used the same method

in Jordan (2010) showed that every finite-dimensional simple Poisson module over A
annihilated by J; was one-dimensional and for each d >1, there was a unique d -dimensional

simple Poisson module over B annihilated by J,.

In this present paper, we focus on the Poisson algebra A =[] [X, Y, Z] constructed by

Sasom (2012) with the Poisson maximal ideals as above. We use the same method in Jordan
(2010) and Changtong and Sasom (2018) determine the finite dimensional simple Poisson
modules annihilated by each Poisson maximal ideal. This Poisson module is very important to
the study in the Poisson geometry and the quantum mechanic.

Materials and methods

In this section, it contains some of the materials that will be used throughtout this
research. The main topics are Lie algebras, Low-dimensional Lie algebra, Poisson algebra and
Poisson module.
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Lie algebras
Definition 1. [Henderson (2012)] Let L be a vector space over a field F. A Lie algebra is

a vector space L with a map [—,—]:LxL — L satisfying:
(i) the map [—,—] is bilinear, i.e., forall a,bel] and X,y,zelL
[ax+by, z]=a[x,z]+b[y,z],
[x,ay +bz]=a[x,y]+b[x,z];
(ii) the map [—,—] is skew-symmetric, i.e. [y, X] = —[X, y] forall X,yel;
(iii) the map [—,—] satisfies the Jacobi identity, i.e.
[x[y.2]]+[v.[z.x]]+] z.[x y]]=0 forall x,y,z<L.

So, the map [—,—] is called Lie bracket and (ii) implies [x,x]=0 forall xeL.

Next, we will introduce the special Lie algebras that useful in this study. Firstly, we
introduce the special linear Lie algebra sI(n,D) of NxnN matrics with trace 0. It has

dimension n*—1. The most impotant is a Lie algebra sl(2,[] ) of 2x2 matrics with trace 0.
It is a three-dimensional Lie algebra with the standard basis

01 1 0 0 0
e= , h= , f= .
0 0 0 -1 10
The Lie bracket of sl (Z,D ) is given by [e, f]= h, [h,e] = 2e, [h, f ]=—2f.
Theorem 2. [Henderson (2012)] Forall n>2, sl (n,D ) is simple.

For more details of sl (2,0 ) see in Henderson (2012).

Another one is the special unitary Lie algebra Su (2, [ ) of 2x2 skew-Hermitean
matrics with trace 0. It has the basis

S Y

X=—. y Y=— y L= -t

2\1 0 211 0 200 -

The Lie bracket of su(2,0)) isgivenby [x,y]=z, [y,z]=xX, [z,x]=Y. So, su(2,0 ) has
dimension 3 which implies that su (2,01 ) sl (2,00 ).

For more details of su(2,0] ) see in Pfeifer (2003) and Kirillov (2008).

Definition 3. Let L be a Lie algebra. A subalgebra H of L is a Lie subalgebra if
[X,y]eH ,forall X,y eH.

Definition 4. An /deal of a Lie algebra L is a subspace | of L such that [X, y] el for all
xel, yel.
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Let |,J be ideals of the Lie algebra L. The product [I,J] is the span of the
commutators of elements of 1,J, thatis [I,J]:= Span{[x, y]jxel,ye J} . One of the tools

for investigating the results is the derived algebra. It is defined as following.
Definition 5. Let |,J be ideals of a Lie algebra L. If | =J =L, then the ideal [L,L] is

called the derived algebra of L .
Low-dimensional Lie algebra

The low-dimension is the basic way to find how many non-isomorphic Lie algebras in
order to classify them. The reason to study on the low-dimensional Lie algebras is that there
often appear as subalgebras of the larger Lie algebras. We will look at the Lie algebras of
dimensions 1,2 and 3.

It is easily to see that every 1 dimensional Lie algebra is abelian. For dimension 2, we
can study by using the following theorem.

Theorem 6. [Erdmann & Wildon (2006)] Let F be any field. Up to isomorphism, there is a

unique two-dimensional non-abelian Lie algebra over F . This Lie algebra has a basis {X, y}
such that its Lie bracket is described by [X, y] = X. The centre of this Lie algebra is 0.

For 3-dimensional Lie algebras, we focus for 2 cases. Firstly, the 3 dimensional Lie
algebra L with its derived algebra [L,L] has dimension 1 and [L,L]< Z (L), the center of
L, appears uniquely and it has a basis { f,g,h} where [f,g]=heZ(L). This Lie algebra
is known as the Heisenberg algebras. For another one, suppose that L is a complex Lie
algebra of dimension 3 such that [L,L]=L. Up to isomorphism, sI(2,0)) is the unique 3-
dimensional Lie algebras L with [L,L]=L.

For other cases and more details of low-dimensional Lie algebras, one can study in
Erdmann & Wildon (2006).

Poisson algebra and Poisson module

Definition 7. A Poisson algebra A is a commutative algebra over a field F together with a
bilinear map {—,—}: Ax A— A such that (A,{—,—}) is a Lie algebra and satisfies a Leibniz
identity
{xy,z}=x{y,z}+{x,z}y, forall x,y,z€ A

We call {—,—} a Poisson bracketon A. A subalgebra B of A is a Poisson subalgebra
if {b,c}eB forall b,ceB.
Definition 8. Let A be a Poisson algebra. An ideal | of A is a Poisson ideal if {i, a} el for
aliel, aeA
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Moreover, the factor % is also a Poisson algebra with a Poisson bracket

{a+|,b+|}={a,b}+l forall a,be A

Definition 9. Let A be a Poisson algebra. A Poisson ideal | of A, which | # A, is said to be
a Poisson maximal idealif it is also a maximal ideal of A.

Definition 10. Let A be a commutative Poisson algebra with a Poisson bracket {—,—} and

M be a module over A. An A-module M s called a Poisson module if there is a bilinear
form {—,—}M :AxM — M such that

(i) {a,bm}  ={a,bjm+b{a,m} ,

(i) {ab,m} =a{b,m} +b{am} ,

(iii) {{a,b},m}M ={a,{b, m},, }M +{b,{a, m},, }M ,
forall a,be A and me M.

A submodule N of a Poisson module M is called a Poisson submodule if
{a,n}M e N forallac A and neN.

Definition 11. Let M be a Poisson A-module and J < M . The annihilatorof J in A, in
the module sense, is denoted by ann, (S) and the set Pann, (J) is defined by:

PannA(J):{ae A‘{a,m}M :O,VmeJ}.

Theorem 12. [Jordan (2010)] Let A be a finitely generated Poisson algebra and M be a
Poisson A -module. Let J =ann, (M ). The following statements hold.

(i) J is a Poisson ideal of A.
(i) If M s finite-dimensional and simple then J is a maximal ideal of A.
iy 0 +J* < Pann, (M).

Let (A,{—, —}) be Poisson algebra and 1,J be Poisson ideals of A. Then 1J is a
Poisson ideals of A. Of course | and J are Lie subalgebras of A under{—,—}. IflcJ,

then | is a Lie ideal of J and % is a Lie algebra. In particular, %2 is always a Lie
algebra. For the study on the Poisson modules, we can find that the factor % is a Poisson
A -module with {a, j+ I}% ={a, j},+1 where I,J are Poisson ideals of A with | < J
and ac€ A, jeJ. By the same argument, % is also a Lie algebra. Every Poisson subalgebra

of % is a Lie ideal, so if % is simple as a Lie algebra, then it is simple as a Poisson module.

If A is a finitely generated Poisson algebra and J is a Poisson maximal ideal, so that
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A=J+0 , then the converse is also true because every Lie ideal of % is then a Poisson A -

submodule.

The next theorem is the main theorem by Jordan (2010). That is a method to
determine the finite-dimensional simple Poisson modules over any affine Poisson algebra.
Theorem 13. [Jordan (2010)] Let A be a finitely generated Poisson algebra.

(i) Let M be a finite-dimensional simple Poisson A -module and J =annA(M).
There is a simple module M for the Lie algebra g(J) such that M" =M, as a vector
space, and [j+J2,m]M* :{j,m}M forall jeJ and meM .

(i) Let J be a Poisson maximal ideal of A and N be a finite-dimensional simple
g(J)-module. There exist a simple Poisson A-module N’ and a Lie homomorphism

f:A—g(J) suchthat N'= "N as a Lie module over A and J =ann,(N’).

(iii) For all finite-dimensional simple Poisson modules M, M™ =M . For all Poisson
maximal ideals J of A and all finite-dimensional simple g (J)-modules N, N’=N.

(iv) The procedure in (i) and (ii) establish a bijection I" from the set if isomorphism
classes of finite-dimensional simple Poisson module over A to the set of pairs (J, N ) , Where

J is a Poisson maximal ideal of A, N is a finite-dimensional simple g(J)-module and N

denote its isomorphism class, given by F( M ) = (annA (M), M *) .
For more details of Poisson algebra and Poisson modules see in Jordan (2010).
Results

In this section, we study on the Poisson algebra A with Poisson maximal ideals
J,;1=12,...,5. We use the method in Erdmann & Wildon (2006) to determine the finite

dimensional simple Poisson modules annihilated by Poisson maximal ideals J;;1=12,...,5.

The results of the study are follows.
Lemma 14. Let A be a Poisson algebra with a Poisson maximal ideal J, = XA+ yA+ZA.

Ford >1, there is a unique d -dimensional simple Poisson A -module annihilated by J; .

Proof. Let A be a Poisson algebra with a Poisson maximal ideal J, = XA+ yA+ZA. We

consider the Lie algebra g(J1)=‘%Z. So, g(J,) has a basis X,y,z and the bracket
1

{x,y},{y,2} and {z,x} became [X,y]=12, [y,z]=X, [z,X]=Y. Then

g(J,)0su(2,0)0sl(2,0). It follows that, for each d >1, A has a unique d -dimensional

simple Poisson module annihilated by J, .
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Lemma 15. Let A be a Poisson algebra with a Poisson maximal ideal
J, =(x+1)A+(y+1)A+(z+1)A. Ford =1, there is a unique d -dimensional simple

Poisson A -module annihilated by J, .
Proof. Let A be a Poisson algebra with a Poisson maximal ideal

J, =(x+1)A+(y+1)A+(z+1)A. We consider the Lie algebra g(Jz):‘%z. Let

2
m=x+1 n=y+1 p=z+1. Then J, =mA+nA+ pA. So, in J,,

{m.n} ={x+Ly+1}={xy}
= yX+12
=(n-1)(m-1)+(p-1)
=nm-n-m+1+p-1
=nm-n-m+ p.
Similarly, we have {n, p}=pn—p-n+m and {p,m}=mp—m—p+n.
Thus, in g(J,), the bracket {m,n}, {n, p}, {p,m} became
[m,n]=-n-m+p, [n,p]=—p-n+m, [p,m]=—-m-p+n.
Next, we will show that {[m,n],[n, p],[p,m]} is linearly independent. Let 3, 3,
and f3, be scalars such that £,[m,n]+ 3, [n, p]+ B;[p.m]=0. So,
B (-n—m+p)+B,(-p—n+m)+ B, (-m—p+n)=0
(_ﬂl_ﬂz+ﬂ3)n+(_ﬂ1+ﬂ2_ﬂs)m+(ﬁ1_ﬁ2_ﬂs)pzo-

Then we obtain that

B —pB,+B;=0,
B+ B, — B =0,
B—B,— B =0.

This system can be written as following.
-1 -1 1)\4 0
-1 1 1|4 |=|0].
1 -1 1)\ 0

-1 -1 1|0
Thus it has the augmented matrix |-1 1 1|0, which has non-zero
1 -1 -10

determinant. This implies that the system has exactly one solution that is
B.=p, = =0.Hence {[m, n].[n p].[p, m]} is linearly independent. So, the derived
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algebra [g(JZ),g(JZ)] has dimension 3, which implies that g(JZ)D SI(Z,D). By
Handerson (2012), it is a well-known that SI(Z,D) has a unique d -dimensional simple

Poisson module annihilated by J, for each d>1 and sl(2,0) is 1-homogeneous. By
Theorem 13, the result hold for A.

Lemma 16. Let A be a Poisson algebra with a Poisson maximal ideal
J;=(x+1)A+(y-1)A+(z—-1)A. Ford >1, there is a unique d -dimensional simple

Poisson A -module annihilated by J, .

Proof. Let A be a Poisson algebra with a Poisson maximal ideal

J;=(x+1)A+(y-1)A+(z-1)A. We consider the Lie algebra g(JS):‘%Z. Let

3

m=xXx+1 n=y-1, p=z-1.Then J,=mA+nA+ pA.So, in J,,
{m,n} =nm-n+m+p
{n,p} =pn+p+n+m
{p,m} =mp+m—-p+n.
Thus, in g(J;), the bracket {m,n}, {n, p}, {p,m} became
[m,n]=-n+m+p, [n,p]=p+n+m, [pm]=m-p+n.
The proof is similar to Lemma 15 that {[m, n],[n, p],[p, m]} is linearly independent.
Thus, the derived algebra [g (J;).9 (Js)] has dimension 3, which implies that

g(J;)Usl(2,0). Hence A has a unique d -dimensional simple Poisson module annihilated
by J, foreach d >1.

Lemma 17. Let A be a Poisson algebra with a Poisson maximal ideal
J,=(x-1)A+(y+1)A+(z—-1)A. For d =1, there is a unique d -dimensional simple
Poisson A -module annihilated by J, .

Proof. Let A be a Poisson algebra with a Poisson maximal ideal
J,=(x-1)A+(y+1)A+(z-1)A. We consider the Lie algebra g(J,)= ‘%Z . Let

4

m=x-1 n=y+1 p=z-1.Then J, =mA+nA+ pA.So,in J,,
{m,n} = nm+n-m+p,
{n,p} = pn—p+n+m, and
{p,m} =mp+m+p+n.
Thus, in g(J,), the bracket {m,n}, {n, p}, {p,m} became

-8-
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[m,n]=n—m+p, [n,p]=—p+n+m, [p,m]=m+p+n.
The proof is similar to Lemma 15 that {[m n].[n, p].[ P, m]} is linearly independent.
Thus, the derived algebra [g (J,).9 (J4)] has dimension 3, which implies that

9(J,)Usl(2,0). Hence A has a unique d -dimensional simple Poisson module annihilated
by J, foreach d >1.

Lemma 18. Let A be a Poisson algebra with a Poisson maximal ideal
Js=(x-1)A+(y-1)A+(z+1)A. For d=>1, there is a unique d -dimensional simple

Poisson A -module annihilated by J. .

Proof. Let A be a Poisson algebra with a Poisson maximal ideal
Jy=(x—1)A+(y—1)A+(z+1)A. We consider the Lie algebra g(J5)= ‘%2 . Let

5
m=x-1 n=y-1 p=z+1.Then J, =mA+nA+pA.So, in J.,

{m,n} = nm+n+m+p,
{n,p} = pn+p-n+m, and
{p,m} =mp-m+p+n.
Thus, in g(J;), the bracket {m,n}, {n, p}, { p,m} became
[m,n]=n+m+p, [n,p]=p-n+m, [p,m]=p-m+n.
The proof is similar to Lemma 15 that {[m n].[n, p].[ P, m]} is linearly independent.
Thus, the derived algebra [g (J5).9 (JS)] has dimension 3, which implies that

9(Js)0sl(2,0). Hence A has a unique d -dimensional simple Poisson module annihilated
by J; foreach d >1.

Theorem 19. Let A be a Poisson algebra with Poisson bracket
{(xyt=yx+z, {y.z}=2zy+x {z,x}=xz+y
and the Poisson maximal ideals J;; 1=12,...,5. There is a unique d -dimensional simple
Poisson A -module annihilated by J; for each d >1.
Proof. The proof of this theorem is directly obtained from Lemma 14 - Lemma 18.

Conclusion

The study on the Poisson algebra with some bracket could bring the difficulty to find its
finite-dimensional simple Poisson modules. In this research, we apply the method shown in
Jordan (2010) to determine the finite-dimensional simple Poisson module over a Poisson
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algebra A. We can found that there is a unique d -dimensional simple Poisson A -module
annihilated by J, for eachd >1.
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Abstract

This research aims to measure a method for estimating the average run length (ARL) of
an exponentially weighted moving average control chart using numerical integration when the
data is a moving average model with exogenous variables. We compare the average run
lengths achieved using three distinct methodologies. The midpoint, trapezoid, and Gaussian
rules are all used. Additionally, we compare the CPU time used by the ARL assessment.
The simulations show that the ARL values obtained from using the midpoint and Gaussian rules
are similar. The result obtained from using the trapezoid approach, on the other hand, is less
different at roughly 1%. Additionally, the midpoint and trapezoid approaches were the fastest
when CPU time was considered, requiring between 4-6 seconds. On the other hand, Gaussian's
rule requires around 37-43 seconds.

Keywords: EWMA, control chart, average run length, numerical integral, moving average

Introduction

Quality control is an essential tool for reducing the many deficiencies throughout the
manufacturing process. Statistical Process Control (SPC) is used to design and enhance
processes. Control charts are a robust process of monitoring or regulating manufacturing
processes in real-time. In 1924, Walter A. Shewhart invented the control chart to help
manufacturers minimize waste and enhance quality. Control charts have since been extensively
utilized for identifying and monitoring effects on the quality of processes in various applications,
including industrial production, public health, computer networking and telecommunications,
finance and economics, environmental research, and others. Nowadays, Shewhart control
charts, cumulative sum charts (CUSUM) and exponentially weighted moving average control
charts (EWMA) are popularly used in industrial processes. Robert (1959) developed the EWMA
control chart to detect a slight change in the mean, suitable for normal distribution. It is now
well accepted that a strong control chart is essential for identifying small and moderate
changes in the process. Control chart performance is often measured by the average run length
(ARL). In most cases, the ARLo indicates that the process is under control, whereas the ARL:
suggests that the process is out of control and should be small. The ARL of EWMA control

-1-
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chart may be estimated using the Monte Carlo Simulations (MC) technique, which is the
conventional way to test the validity and compare it to the other methods. However, processing
takes a long time, the Martingale (Sukparangsri & Navikov, 2008), Markov chain (Brook and
Evan, 1972; Lucus & Saccicci, 1990) and integral equation (See Srivastava & Wu, 1997;
Areepong, 2009; Mittitelu et al.,2010; Petcharat et al., 2013; Paichit, 2017; Preerajit et al.
,2018).

The serially correlated data may occur in the real world of the data set when the data
are AR(1) and ARMA(1,1) processes. Lu & Reynolds (1999) employed the integral equation
technique to derive the ARL. Some literlature try to evaluate ARL when data set are time series
model. Petcharat et al. (2013) proposed the analytical expression for the ARL of the EWMA
control chart for the moving average of order q (MA(q))process. For the seasonal AR(P).
process. Later, Petcharat (2016) derived the explicit formula of ARL for the EWMA chart and
compared it to the CUSUM control chart and found that the EWMA chart was more sensitive to
detecting small shifts. Paichit (2017) proved the explicit formula of ARL for the EWMA control
chart base on autoregressive with an explanatory variable model. Sunthornwa et al. (2018)
proved exact solution and approximate the numerical of ARL for EWMA control charts using the
seasonal ARFIMA with exponential white noise. Moreover, Suriyakart (2020) studied the
sensitivity of the EWMA control chart for detecting the mean change in processes when
processes are AR(1), ARMA(1,1) and IMA(1) with exponential white noise and found that the
EWMA control chart is good performance for detecting the small change of the process mean.
Sunthornwat & Areepong (2020) derived analytical ARL and approximately the numerical ARL
for the CUSUM control chart for seasonal and non-seasonal moving averages processes.
Recently, Petcharat (2021) presented the exact formula of ARL for the MAX(1,r) process with
exponential white noise, with its existence and uniqueness being proved by Banach’s fixed-
point theory.

According to this literature review, the ARL for measuring the efficiency of the EWMA
control chart is very important for comparing control chart performance. In this research, we
extend Petcharat (2021) to evaluate the ARL of the EWMA control chart by using numerical
integration methods for data is the model moving average model with exogenous variables

(MAX(q,r))-

Methods
Exponentially weighted moving average (EWMA) control chart

Robert (1959) initially suggested the EWMA control chart. The recursive equation below
would be used to express the EWMA control chart.

Y, = (=AY, +AZ,, t=12,.., (1)

where A is exponential smoothing parameter, 0<A<1. Z, is sequence of process

observations. The control limit of control charts are upper control limit (UCL) and lower control
limit (LCL) as follows,

A
LCLIUCL=u+ Lo /— , 2
U 71 ()

where u is average or target value, L is the width of the control limit and ois standard
deviation of the process.
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In this research, we present EWMA control chart for the process observations is the
sequence of a moving average process with explanatory variables (MAX(q,r)) with exponential
white noise defined as

Zi=u+&—0&,-0,6, _"'_qut—q + %ﬁ' i ©)

where &, is exponential white noise : &, [1 Exp(a), 6, is moving average coefficient, i=1,2,..q,

r
-1<6 <1, X, is exogenous variable and £, is a coefficient of Xit. & [| Zﬂi Xit
i=1
The corresponding stopping time for (1) define as
r=inf{t>0Y,>b} ,Hy=u, b>y. 4)
where b denote control limit.
Let E,() denote the expectation under probability density function f(y,)that the
change-point occurs at pointw, where w<». Thus by definition, the ARL for MAX(q,r) process
with an initial value Hy =U is as follow

ARL = H (U) = Eo (7p) <o0. (5)

Numerical integral equation (NIE) of average run length for MAX(q,r) on EWMA
control chart

Let H(U) be the average run length for the EWMA control chart as defined in
eqauation (5). Assume that C, =U be the initial process under in-control. The integral equation

H (U) can be derived by Fredholm integral equation of the second kind denotes as follows:

b
1 —(1-2)u d
H(u)=1+zjh(y)f(y (ﬂ, ) +ﬂ+5t_‘915t1_925t2_"'_‘9q‘9tq+zﬂixit}j(y),
0 i1

Such that

r
+&—6g_1—0 -=Oy&t_g+ )Y BiX;
y (1—/1)u Hr& =08 =08 o ——Ugéi— 21:[))' |t]

b
H(u)=1+ij.h(y)e/10‘e la a d(y), (6)

The integral equation H (U) may be approximated using numerical quadrature procedures.
The Gaussian rule, the midpoint rule, and the trapezoidal rule are all employed in this research.

I. Gaussian Rule
The quadrature rule is used to approximate an integral, and the Gauss—Legendre

quadrature rule is used to approximate the solution. Suppose the {wj, j=1,...,m} is a point on
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the interval [0,b] and set {kj, j=1..,m} as kj: b/m>0;j=12,..,m. The quadrature rule
evaluates an integral's approximation as follows:

b m
[KWMT(y)dy~ 2 @;f(a;),
0 j=1

b( 1 )
where a;=—|j-—|ii=12..m.

m 2

It can be written R be matrix form as

o T Y Bl St 0 ) > 5o | |l =12
[ :Ijl —;Jél i f-i- Ht & — l&'t_l—...— qé‘t_q +i§1ﬂi it y =14 4,...,m

Let H G(u) be the numerical approximation for an integral equation solution in equation (6)
which can be found as the linear equations as follows:

1m -
HG(u):1+zj§1ij(wk)f('u+gt_ngt—l_"'_Hqg'[—tzﬂixi‘)’ (7)
i=1
b(. 1 ]
where @ = (]—) pi=12,..,m.
m 2

II. Midpoint Rule
By using the midpoint rule, Let m be subinterval on [0,b] and let
@ —(1-4)u r
f(AJ):f fﬁ- ,Ll+8t—01€t_1—...—9q8t_q +|§1,B|Xn) .

The approximation for the integral equation solution in equation (6) is given by
1
HM(u)=1+—§lkjL(wj)f(Aj), (8)
J:

b 1
where @ = (j—jand kj = ;J=12,...,m.

m 2

b
m

II1. Trapezoidal rule
By using the trapezoidal rule, suppose m be subinterval on [0,b]. let

@ —(1-2)u r o
f(Aj):f #jt y+gt—915t_1—...—9qgt_q+i§1ﬂixit) . The approximation

for the integral equation solution in equation (6) is given by
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1 m+1
H, (u) =1+z;kj|_(wj)f(Aj), 9)
J:
. b . . b
where @; =ik; and kj = —;j=L12,..,m-1, in other case, Kj =7~
m 2m

Results and discussion

In this part, we compare ARL values for EWMA control chart on MAX(q,r) process with
exponential white noise obtain from NIE methods which are Gaussian Rule, midpoint rule and
Trapezoidal rule according to equation (7) to (9) with m=800 subintervals. We set H (u) is ARL

from NIE method using the Gaussian rule from explicit formula, H,, (u)is ARL from NIE
method using the midpoint rule and H, (u) is ARL from NIE method using the trapezoidal rule.

Additionally, we compare the computing times of three approaches. The computational time for
the three methods is estimated in seconds by the central processing unit (CPU) time (Windows
8 OEM, Intel(R) core(TM)i5-8265U CPU@1.60GHz 1.80GHz RAM 8.00 GB (7.89 GB usable)).

In Table 1, the parameters value b for EWMA control chart was selected by setting 4 =

(0.05, 0.10, 0.20), ARL,= 370 and a0 = 1 in the case of MAX(1,1) with parameter g = 1.0
,0,=(0.15, 0.25, 0.30) and 6, =(0.10, 0.25, 0.50), respectively.

Table 1 Comparison of ARLo between using numerical integration for MAX)2,2( process with
parameter ao = 1 for ARLo = 370

Hy (W) H(;(U) Hr (u) .
0,
A 91 62 b (Time: (Time: (Time: YDiff
seconds) seconds) seconds)
0.10 0019481940 /0277 370.577  370.286 0.0785

(4.765)  (39.703) (5.344)
370.514  370.514 370.349
0.05  0.15 025 0022672201 4y mgiie) (5.344) 0.0445

370.435 370.435 370.208

0.50 0.029210100 (4.875) (41.36) (5.218) 0.0613
370.382 370.382 370.156
0.10 0.043581900 (5.25) (41.047) (5.328) 0.0610
370.627 370.627 370.402
0.10 0.25 0.25 0.050820500 (4.875) (41.75) (5.219) 0.0607
0.50 0.065747070 370.268 370.268 370.045 0.0602

(4.953)  (41.203) (5.266)
370.287  370.287 370.067
010 0093940200 patey oo (5.500) 0.0594
370.527  370.527 370.309
(4.813)  (41.265) (5.297)
370392 370.392 370.177

0.50 0.143624000 (4.796) (41.188) (5.430) 0.0580

0.20 0.3 0.25 0.110015960 0.0588
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As shown in Table 1, from NIE methods using Gaussian and midpoint rules are similar values,
but using trapezoidal rules yield slightly different results on m=800 subintervals. If we take into

Hy (u) —H; (u)
Hy (u)
note that ARL, values using the trapezoid rule %Diff are less than 0.08% compared to other

methods. However, the CPU time using midpoint and trapezoidal rules are less than the CPU
time using the Gaussian rule.

The ARL values indicate the performance of EWMA control chart for detection change in
the process mean using Gaussian, midpoint, and trapezoidal rules for m=800 subintervals

shown in Table 2 to Table 4. We set the parameter ¢,=1 when process is in-control and the

account the absolute percentage error computed by % Diff = x100. It can

parameter ¢, = ;(1+ ) when process is out of control where shift size (&) =0.005, 0.02, 0.04,
0.06, 0.08, 0.1, 0.5, and 1.0. In Table 2, the initial ARL, = 370 for MAX(2,1) with parameterss, =
0.35, ¢, = 0.6 with= ARL_, the initial In Table 3 =0.01761086. b= 0.05 and 4 = 2.0, g 370 for
MAX(2,2) with parameters ¢ = 0.15, 4, = 0.25, with2, = 0.7 5,5, = 0. 5, =0.05 and b =
0.022672201. In Table 4, the initial ARL, = 370 for MAX(3,2) with parameters ¢, = 0.15, 4, =
0.25, 4, = 0.45 with=0.03579842.b=0.05and 2 =0.7, 5, =0.5, g

Table 2 ARL values for MAX(2,2) with parameters ¢, = 0.15, 4, = 0.25, with= 0.7, B, = 0.5, g,
= ARL, for =0.022672201 band =0.05 and A 370

S(T):t Hy (u) (Time: seconds) Hg (u) (Time: seconds) Hy (u) (Time: seconds)
0 370.315 (4.172) 370.315 (37.062) 370.086 (4.703)
0.005 68.831(4.219) 68.831 (38.047) 68.789 (4.563)
0.02 20.6369 (4.125) 20.6369 (38.578) 20.6248 (4.781)
0.04 11.0660 (4.266) 11.0660 (40.781) 11.0598 (4.906)
0.06 7.75846 (4.328) 7.75846 (41.531) 7.75435 (5.031)
0.08 6.08201 (4.187) 6.08201 (41.406) 6.07893 (5.156)
0.10 5.06887 (4.187) 5.06887 (41.719) 5.06641 (5.031)
0.5 1.7953 (4.250) 1.7953 (37.531) 1.79483 (5.047)
1.0 1.38795 (4.157) 1.38795 (42.422) 1.38772 (5.125)
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Table 3 ARL values for max (2,1) using numerical integral equation method given ¢, = 0.35,
¢, = 0.6 with= ARL, for =0.01761086 b = 0.05, 2 = 2.0, B 370

s(r::t Hy (u) (Time: seconds) Hg (u) (Time: seconds) H+ (u) (Time: seconds)
0 370.5144 (4.781) 370.5144 (37.422) 370.286 (4.89)
0.005 73.8584 (4.735) 73.8584 (37.984) 73.8135 (4.906)
0.02 22.3826 (4.657) 22.3826 (38.578) 22.3695 (5.219)
0.04 12.0145 (4.735) 12.0145 (39.515) 12.0078 (4.985)
0.06 8.4196 (4.984) 8.4196 (39.172) 8.4151 (4.875)
0.08 6.59482 (4.781) 6.59482 (38.9999) 6.59145 (4.969)
0.10 5.49099 (4.625) 5.49099 (40.235) 5.48829 (5.234)
0.5 1.91019 (4.718) 1.91019 (39.391) 1.909669 (5.469)
1.0 1.45598 (4.828) 1.45598 (40.594) 1.45572 (5.343)

Table 4 ARL values for max (2,2) using numerical integral equation method given 4, = 0.15,
9, = 0.25, 9, = 0.45 with= ARL, for =0.03579842. b=0.05and 1 =0.7, 5,0.5, = g, 370
Shift

) Hy (u) (Time: seconds) Hg (u) (Time: seconds) Hy (u) (Time: seconds)
0 370.584 (4.781) 370.584 (37.36) 370.358 (5.094)
0.005 85.2404 (4.735) 85.2404 (37.984) 85.1888 (5.172)
0.02 26.4916 (4.657) 26.4916 (38.922) 26.4761 (5.016)
0.04 14.2629 (4.735) 14.2629 (38.922) 14.2549 (5.312)
0.06 9.98991 (4.984) 9.98991 (39.860) 9.9845 (5.719)
0.08 7.8138 (4.781) 7.81380 (37.265) 7.80973 (5.515)
0.10 6.49476 (4.625) 6.49476 (37.157) 6.49149 (5.407)
0.5 2.18525 (4.718) 2.18525 (37.578) 2.18458 (5.437)
1.0 1.62088 (4.828) 1.62088 (37.375) 1.62053 (5.203)
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Figure 1 The CPU times for evaluating ARL values of EWMA control chart : (a) MAX(2,1)
(b) MAX(2,2) (c) MAX(3,2)

Table 2 to Table 4 show that ARL, from the NIE method using Gaussian, midpoint and

trapezoid rules on m=800 subintervals were equally effective in detecting process changes. In
terms of CPU time, we discovered that the midpoint rule takes the least time to calculate, followed
by the trapezoid rule and the Gaussian rule. Refer to Figures 1.

Conclusion

This paper proposes the numerical integration method using Gaussian, midpoint and
trapezoid rules of ARL for moving average process with explanatory variables (MAX(q,r)) on the
EWMA control chart. The results found that ARL values from the three methods are close
together. The computational times for using midpoint and trapezoid rules take less than 6
seconds. Besides, using the Gaussian rule takes more CPU times, around 37 - 43 seconds. As a
result, employing midpoint and trapezoid rules may significantly reduce computing time
compared to the Gaussian rule.
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Abstract

Accurate demand forecasting is a crucial component of airline revenue management.
However, it is cumbersome to find exact forecasting demand since the historical data, the censor
data, do not reflect the actual demand. In order to obtain estimated demand, the Expectation-
Maximization (EM) method is used to calculate the estimated demand. Furthermore, the previous
research mainly focuses on the stationary demand, which does not represent an actual situation.
So, this research engages in finding the optimal overbooking and booking limit of the Two-Class
overbooking with non-stationary demand that maximizes the expected profit using numerical
experiments. In addition, the performance of the Two-Class overbooking model with non-
stationary demand is compared with the booking limit of the airline's policy. The optimal number
of update booking limits with non — stationary demand using real data are concerned.

The simulation finds that the optimal booking calculated mostly is the booking limit.
However, the booking limit is suited to the overbooking limit in some situations. Moreover, the
expected profit from the optimal overbooking limit is greater than or equal to the airline's booking
policy in all study situations. The Two-Class overbooking model yielded up to 21% more the
expected profit margins than airline booking policies. In real data study, the Two-Class
overbooking model is taken to calculate the optimal number of update booking limits when the
demand is non — stationary and it is found that the 16-point update booking limit gives the
maximum profit.

Keywords: Revenue Management, Overbooking, Two-Class overbooking,
Non-stationary demand, Expectation-Maximization.

1. Introduction

Revenue management (RM) is a well-known application of mathematical modeling mostly
employed in the airline industry to improve profitability with high fixed costs and low marginal
costs. RM is defined as “selling the correct product to the correct customer at the correct time
for the proper price” (Cross,1997). The aviation industry is an intensely competitive industry that
constantly engages in overbooking to reinforce its revenues, taking advantage of the fact that
customers cancel airfare reservations or do not show up for flights (Suzuki, 2006). The concept
is straightforward. Airlines sell seats by creating different fare classes carrying different
restrictions and prices.


mailto:murati.s@sci.kmutnb.ac.th
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The Air Transport Information Division of Airport of Thailand Public Company Limited
(AOT) reported that the total air traffic, aircraft movement, and passenger numbers in Thailand
increased by 21, 22, and 21 percent from 2015 to 2019. So, Thailand can increase revenue by
roughly $200 million US.

Unfortunately, after the World Health Organization (WHO) declared the COVID-19
outbreak a pandemic since March 2020, daily life across the world has changed. The aviation
industry has been one of the hardest-hit industries globally since the beginning of the outbreak.
Some airlines would evolve during a crisis like no others bringing the industry into survival mode,
diminished by a loss of traffic and revenues. While positive signs for recovery, COVID-19 remains
an existential crisis for airports, airlines, and business sectors. The airline companies in Thailand
are also affected by the pandemic outbreak; however, they could benefit from using RM strategies
when the pandemic is better.

The Two-Class model, which concentrates on the booking control problem, dates back
to Littlewood (1972). All booking requests show up at the time of service. Littlewood (1972) does
not allow overbooking, which means there are no cancellations or no-shows. The Two-Class
overbooking model proposed by Somboon and Amaruchkul (2016) is taken into account in this
study. The model combines two strategies, overbooking and seat inventory, and proposes a static
Two-Class overbooking model, in which low fare (Class-2) passengers arrive prior to high fare
(Class-1) passengers. The airline incurs a penalty cost, any of which rejected booking requests.
Also, the penalties are different for the two classes. The airline may overbook Class-2 customers.
The two fare classes may have different show-up rates. We refer an interested reader to
Somboon and Amaruchkul (2016) and also the literature cited therein for more details on the
combined Two-Class overbooking model.

Accurate demand forecasting is a vital component in RM. The booking data of departure
flights are used to forecast the demand for future departing flights. However, the previous
research generates only the stationary demand, which does not represent an actual situation. A
pattern in which demand is not constant for each time but varies due to seasonality, trend or
other factors, the non-stationary demand, is considered. For example, a booking demand changes
according to the number of days close to the travel date. The closer the travel date is, the more
demand for booking. This research mainly focuses on finding the optimal overbooking and
booking limit that maximizes the expected profit using numerical experiments. Moreover, the
performance of the Two-Class overbooking model with
non-stationary demand is compared with the airline’s policy booking limit. Finally, find the optimal
number of update booking limits when the demand is non-stationary with real data.

The paper is organized, as follows: Section 2 briefly reviews the Two-Class overbooking
model. Section 3 details the numerical setting and the procedure for simulation. Section 4
presents numerical results of the numerical study. Real data is applied in Section 5, and Section
6 presents conclude.

2. Two-Class Overbooking Model
In 2016, Somboon and Amaruchkul propose the two-class overbooking model by the
following these information.

Let ¢, and | be the set of non-negative integers and the real number set respectively.
Also, given t is the number of days until departure and suppose that (y)* =max(0,y) for yi ; .
Let D(t) be the distribution function of a random variable at t days before departure. The quantile
function of D(t) can be written as



The Journal of Applied Science Vol. 21 No. 1 [2022]: 247376
NsRFINeEdaslssene doi: 10.14416/j.appsci.2022.01.006

Fo (@)= inf{x: P(D®) £ x)* a}

Class-2 reservations are assumed to begin a booking before Class-1 reservations in this
model. When a Class-i customer is accepted, the airline earns revenue p,, p,> p,> 0, for each

i=12. If the airline rejects the request, it will incur a penalty cost g, where g, > g, > 0. In this

model, the penalty cost includes both opportunity cost and loss-of-goodwill. Loss of business
reputation or the loss-of-goodwill determines the customer satisfaction that can be intangible and
cumbersome to gauge in practice.

The opportunity cost is a measurement of future revenue loss based on what happens
after the lost sales occur. If a customer is prone to return to make a request, the opportunity
cost is the expected loss of revenue from this situation. On the other hand, if a customer never
returns to make another reservation with the airline, the opportunity cost includes all future
revenues.

In practice, an optimal booking limit is determined on a proportion of refund cost over
time and change in show-up probability. It can be affected by overbooking limits that vary over
time. Assume that x(t)i ¢, is a Class-2 booking limit at the update booking limit ¢days prior to

departure. It implies that the reservations for Class-2 are accepted up to x(t) . Overbooking is
permitted if x(t) is greater than capacity k(t) at the update booking limit point t. Let D,(t) be
the demand of Class-i booking at the update booking limit point ¢ for each i= 1,2. The Class-2
reservations and rejected quantity are min(x(t), D,(t)) and (D,(t)- x(t))" at the update booking
limit point t, respectively.

After all Class-2 reservations have arrived, Class-1 customers begin their booking so that
the available capacity for Class-1 customers will be (k(t)- min(x(t), D,(t)))" . However, due to

high penalty costs and high priority, we do not overbook Class-1 passengers, so they are accepted
up to the remaining capacity. The number of Class-i reservations at the updated booking limit
point t can be written as:

B,(x(®) = min(k (t)- B,(x(1)))". D,(1), B,(x(t)) = min(x(t), D,(t)).

Some customers may not show up for or cancel their reservations before departure.
Furthermore, we considered that both no-show and cancellation customers are the same in this
model. Let B;(x(t))=y, be the number of Class-i reservations and W,(y,) be the number of
Class-i show-ups. Assume W, (y,) is a Class-i show-up probability with a binomial distribution with
parameters y, and g, where g I (0,1] (Sawaki, 1989; Ringbom and Shy, 2002; and Somboon

and Amaruchkul, 2016). Tasman Empire Airways demonstrated that using the binomial
distribution is a suitable model for the show-up distribution (Thompson, 1961). Assume that r, is
a refund for no-show Class-i reservation for i= 1,2, where g,1 (0,1); r= g,p,, which g, is a
proportion of the revenue cost.

Some passengers are denied at the departure if the number of show-up passengers
exceeds capacity. As mentioned above that we do not overbook Class-1 customers, so all denied
boarding passengers are Class-2. The compensation that the airline has to pay all passengers
who were denied boarding is h, where h> p,. However, it could include a higher fare class ticket
for the next flight, cash vouchers, or hotel accommodations.

An optimal booking limit at the update booking limit point x'(t) that maximizes its

expected profit is preferred:
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p(x(t)) = E% [pB,(X(1) - 1 (B,(x(1)- vvi(Bi(xa»»]E- E W, (B, (x(1)- k(©)" B
- Eg,(D,0)- x(®) + 6,(D,()- k®)- B,x®)") §

From the equation above, it can be seen that there are two uncertainty parts which are
demand and the number of show-up customers. However, we are capable find a closed form of
the optimal booking limit. Finding a closed form of the optimal booking limit can use the theorem
below (Somboon and Amaruchkul, 2016).

Theorem 1. For x=0,1,...,x-2 and x=«,x+1,..., the expected profit function z(x) is piecewise
is unimodal in each piece. The expected profit z(x) has a local maximum point x' on
x=01..x-2 as

0 ;0<7<P(D, >x-1)
X'= K—FD'll(l—z') i P(D,>x-1)<z<P(D, >0). (1)
K—2 yP(D,>0)<7<1

On the other hand, if 0<a,/(h6,) < F(x-1x,6,), then the expected profit z(x) has a local
maximum point x" for X =x,x+1,.... It can be written as

x"=argmin{x e {x,x +1,..}: F(x -1, x,02)>h%}. (2)
2
Otherwise, the expected profit function is increasing.

3. Numerical Illustration

As mentioned in the introduction, accurate demand forecasting is a key to gauging
optimal booking and overbooking. It is cumbersome to find exact forecasting demand since the
historical data, which is the censor data, do not reflect the actual demand. That is, the booking
limit determines how many seats can be sold on a flight. A booking in a fare class is accepted by
an airline until the booking limit is reached. The airline then stops selling seats in that fare class.
It also ceases to collect valuable data. Demand for travel in that fare class may exceed the
booking limit, but the data does not reflect this, as the booking limit is censored or “constrained”.
From this cause, true demand cannot obtain directly, which can only obtain estimated demand.
In order to obtain estimated demand, the unconstraining method is used to calculate the
estimated demand. In quantity-based RM, the Expectation — Maximization (EM) method is the
most commonly used for correcting for constrained data with four basic steps: (i) replace missing
values with estimated values, (ii) estimate parameters, (iii) re-estimate the missing values
assuming the new parameter estimates are correct, (iv) re-estimate the parameters, and iterating
until convergence (Talluri et al, 2004: 474-475).

Like Somboon and Amaruchkul (2016), we assume that the demand of seats for each
class in a year follows Poisson distribution. The Poisson variable is assumed in numerical
experiments; however, the proof in Theorem 1 does not need to assume Poisson distribution but
holds for any non-negative random variable.

In this experiment, we generate non-stationary booking demand by dividing the booking
demand into four quarters. Let 4 and A, be initial parameters referring the seat demand of

customers class-i; i =1,2 increasing 5 percent each quarter. We assume that 1, = 40, 50, 60,
70, and 4, =90, 100, 110, 120, respectively. The plane’s capacity is given by x = 162 and the
fare for class-i; i =1,2 is denoted by p, =3,043 and p, =945, respectively. r, is the refund for

-4 -
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passenger in each class where r, =0.5p; and r, =0.8p, . The show-up probability &, for customer

class-i; i =1,2 are 0.7 and 0.9, respectively. Also, assume that the compensation cost h = 2,000
Baht must be paid to all passenger when the number of passengers exceeds capacity.

The EM method is used to estimate the censored demand data then uncensored it using
the unconstraining method. In this setting, we partition the demand into two classes by
employing the demand function proposed by Komsan Suriya (2009) for airline industry in
Thailand. Given that is the demand function.

Class-1 demand function

p, = 3,588 -188.6050,. (3)
Class-2 demand function

p, =1,763-188.6050,. (4)
where ¢; is the demand for class-i, for i =1,2.

After substituting p, =3,043 in (3) and p, =945 in (4), we obtain the demand for Class-
1 and Class-2 as, g, =4.6 and g, =6.9 million customers, respectively. The proportion of Class-1
(v,) and Class-2 (v, ) passengers is

v, =04 and v, =06, (5)

We considered the proportions in (5) to divide the number of reservations into two
classes.

Next, the booking and overbooking limit is gauged using the Two-Class overbooking
model, then calculated the expected profit from the booking and overbooking limit. Repeat 1,000
iterations for all the steps and average the profit. The average profit between the Two-Class
overbooking model and the airline’s policy are compared.

4. Numerical Result

In this experiment, we simulate non-stationary booking demand detailed in the section
3. Then, we estimate censored booking demand data using EM method, and the Two-Class
overbooking model is used to find the optimal overbooking for non-stationary demand. The
expected profit in each situation can be summarized below.

4.1 The optimal overbooking and the expected profit of the Two-Class
overbooking model for non-stationary booking demand.
Table 1 shows that the optimal booking demand when 4, =40 and 4, = 90 for all r, and

6, is the booking limit. Said that the airlines should accept Class-2 customers to make bookings

as booking limit to achieve the highest expected profit.
Likewise, the optimal booking limit for 4, =50 and 4, =100 for all r,and 6, is the

booking limit. The airlines have to open the reservation for Class-2 customers as booking limit to
exceed the highest expected profit. The result as shown in Table 2.

Table 1 The optimal overbooking and the expected profit when 4, =40 and 1, =90

rn I 0, 0, Optimal booking limit  Expected profit
1521.5 4725 0.7 0.7 103 209,278.85
1521.5 4725 0.7 09 104 217,153.85
1521.5 4725 09 0.7 103 226,188.63
15215 4725 09 0.9 103 234,063.63
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Table 1 The optimal overbooking and the expected profit when 2, =40 and 4, =90 (Cont.)

n I 6, 6, Optimal booking limit Expected profit
1521.5 756 0.7 0.7 103 202,201.59
1521.5 756 0.7 0.9 104 214,801.59
1521.5 756 09 0.7 102 219,111.37
1521.5 756 09 0.9 103 231,711.37
24344 4725 0.7 0.7 104 194,299.68
24344 4725 0.7 0.9 105 202,174.68
24344 4725 09 0.7 103 221,355.33
24344 4725 09 0.9 104 229,230.33
2434.4 756 0.7 0.7 103 187,222.42
2434.4 756 0.7 0.9 105 199,822.42
2434.4 756 09 0.7 102 214,278.07
2434.4 756 09 0.9 103 226,878.07

While the result in both Table 1 and Table 2 are booking limit, the results in Table 3 show
that the optimal booking limit for 4, = 60 and 1,= 110 for all r, and 6, also booking limit almost

all the situations. There is one situation when r, = 2,434.4, r, = 472.5, 6,= 0.9 and ¢, = 0.7

that is the overbooking. As a result, to reach the highest expected profit, the airline should open
booking for Class-2 customers to book as same as optimal overbooking limit.

Table 2 The optimal overbooking and the expected profit when 4, =50 and 4, =100

r r 6, 6, Optimal booking limit Expected profit
1521.5 4725 0.7 0.7 94 238,360.92
1521.5 4725 0.7 09 95 247,094.70
1521.5 4725 09 0.7 93 258,224.33
1521.5 4725 09 09 94 266,985.67
15215 756 0.7 0.7 93 231,836.35
1521.5 756 0.7 0.9 95 245,376.37
1521.5 756 09 0.7 93 251,370.72
1521.5 756 09 0.9 94 265,418.54
24344 4725 0.7 0.7 95 221,204.43
24344 4725 0.7 0.9 96 230,281.05
24344 4725 09 0.7 94 252,450.86
24344 4725 09 0.9 94 261,541.23
2434.4 756 0.7 0.7 94 214,174.52
2434.4 756 0.7 0.9 96 228,424.91
2434.4 756 09 0.7 93 245,561.12
2434.4 756 09 0.9 94 259,974.11
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Table 3 The optimal overbooking and the expected profit when 4, =60 and 4, =110

r r, 6, 6, Optimal booking limit Expected profit
1521.5 4725 0.7 0.7 88 257,480.99
1521.5 4725 0.7 0.9 89 267,740.80
1521.5 4725 0.9 0.7 87 278,028.95
1521.5 4725 0.9 0.9 88 288,288.76
1521.5 756 0.7 0.7 87 253,252.38
1521.5 756 0.7 0.9 89 269,292.18
15215 756 0.9 0.7 86 274,082.26
1521.5 756 0.9 0.9 88 290,122.06
2434.4 4725 0.7 0.7 89 239,066.52
2434.4 4725 0.7 0.9 90 249,321.08
2434.4 4725 09 0.7 233 271,935.23
24344 4725 09 0.9 88 282,015.11
24344 756 0.7 0.7 88 234,555.98
24344 756 0.7 0.9 90 250,593.68
24344 756 09 0.7 87 267,996.56
24344 756 09 0.9 88 283,848.41

Table 4 The optimal overbooking and the expected profit when 4, =70 and 4, =120

n I 6, 6, Optimal booking limit Expected profit
1521.5 4725 0.7 0.7 88 257,397.69
1521.5 4725 0.7 09 89 267,316.26
1521.5 4725 09 0.7 87 278,209.29
1521.5 4725 09 0.9 88 288,127.85
1521.5 756 0.7 0.7 87 253,217.64
1521.5 756 0.7 0.9 89 268,709.34
1521.5 756 09 0.7 86 274,312.74
1521.5 756 09 0.9 88 289,804.44
24344 4725 0.7 0.7 89 238,719.58
2434.4 4725 0.7 0.9 90 248,638.14
24344 4725 09 0.7 233 272,462.99
24344 4725 0.9 0.9 180 281,909.05
2434.4 756 0.7 0.7 88 234,256.03
2434.4 756 0.7 0.9 90 249,747.73
2434.4 756 09 0.7 87 268,121.58
24344 756 09 0.9 88 283,424.28
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However, Table 4 shows that the optimal booking limit for 4, = 70 and 4,= 120 have

both booking limit and overbooking limit. In this case, if the airline wants to succeed the maximum
expected profit, the airline have to adjust the optimal booking for all r, and 6, ; especially, in the

situation that the booking limit is greater than the capacity. It means that the airline can only
open booking for Class-2 customers.

The numerical study investigates that booking limit and overbooking limit provide the
same expected profit in some situations. In this case, we recommend that the airline use a
booking limit to sell both classes' flight tickets since the show-up probability of each class is
uncertain in real situations. Generally, the show-up probability of Class-2 passengers is less than
Class-1 passengers because of a cheaper flight fare, i.e., booking during promotion time. Class-
2 passengers are most likely to terminate the fare without notice. Because of this reason, the
airline should allow both Class-1 and Class-2 passengers to book flight tickets.

4.2 The comparison between the Two-class overbooking for both classes
passengers to the airline’s policy when the booking demand is non-stationary

For performance comparison, we assume that the expected profit of the airline's policy
has a fixed booking limit for all periods, which are 9, 17, 41, 81, 122, and 171, which are 5%,
10%, 25%, 50%, 75%, and 105% of capacity, respectively. Otherwise, we investigate that the
expected profit of the Two-Class overbooking model is greater than or equal to the airline's
booking policy for all situations. The airline will get less advantage when the airline booking limit
(ABL) is 9, followed by 17, 41, 81, 122, and 171, respectively.
Table 5 Loss Profit per Flight when 4, =40 and 4, = 90

. Percentage

r r, 6, 6, ABL LOSSFF;.r ol?tt of Loss Profit
per Flig per Flight

24344 4725 09 0.7 9 34,810.07 18.66

17 31,030.07 16.30

41 19,690.07 9.76

81 1,903.07 0.87

122 0.00 0.00

171 0.00 0.00

1521.5 4725 09 0.9 9 34,810.07 17.90

17 31,030.07 15.66

41 19,690.07 9.40

81 1,903.07 0.84

122 0.00 0.00

171 0.00 0.00

24344 756 09 0.7 9 13,842.88 6.91

17 12,330.88 6.11

41 7,794.88 3.78

81 680.08 0.32

122 0.00 0.00

171 0.00 0.00

24344 756 09 0.9 9 13,842.88 6.50

17 12,330.88 5.75

41 7,794.88 3.56

81 680.08 0.30

122 0.00 0.00

171 0.00 0.00
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Table 5 shows the loss profit per flight when 4, =40and 4,=90forall r. and 6. It can

be seen that the airline earns less advantage when the airline booking limit is 9, followed by 17,
41, 81, 122, and 171, respectively. Likewise, when 4, = 50 and 4, =100 for all r,, 6,, and the

airline booking limit, the airline losses its profit as shown in A.1 in Appendix (see others situation
result in Appendix)

It concludes that if the airline open the observation for Class-2 customers in small
amounts, the airline will get less profit. However, when the Two-Class overbooking model is
applied, the model calculates the optimal booking limit suited for the situations. Consider the
difference between the expected profit from the Two-Class overbooking model and the airline's
booking policy; it can be seen that the differences in the profit are approximately 0-21%.

Practically, most airlines update their booking limit every month before departure for at
least six months and then update every day in the last week before departure (Phillips, 2005).
The following section will find the optimal number of update booking limits when real data
demand is non — stationary.

5. Real Data Study

Passengers’ information from two flights was received from the airline. The flights are
from Bangkok to Phuket on every Sunday in 2014. Flight A is scheduled to depart for Sunday
morning and Flight B is set for Sunday evening. The data includes both the number of
reservations and the number of passengers who showed up at the departure time. Table 6 shows
that the plane has 162 seats and that the airline's revenue is divided into eleven classes.

Table 6 Percentage of passengers from 2014 reclassified by revenue.
Class Revenue Percent?

Y 4,675 10.64
M 4,350 4.97
K 3,850 13.82
N 3,500 3.72
T 3,050 20.47
L 2,800 5.27
H 2,550 8.02
Q 2,100 4.47
Y 1,900 9.23
G 1,690 12.58
B 945 6.71

Note: a. The Percentage of passengers in Table 6 was received from the airline company in Thailand where the name
has not been disclosed to protect its and interviewees’ privacy.

In this setting, the eleven classes were reclassified into two classes in order to use the
Two-Class overbooking model. So, the revenue for Class-1 and Class-2 after rearrange is
p,=3,043 and p, =945.

We established four different cases of updated booking limit points. Firstly, the booking
limit is updated every day in the final week before departure; in this case, there is seven points
update booking limit. Similarly, the booking limit is updated every month for the next six months
and every day in the final week before departure. It can be assumed that there are thirteen
points for updating the booking limit. The booking limit is then updated every three months
before departure more than six months in advance, and the updated booking limit is considered
the second case, giving this case fourteen updating points. Finally, we consider that the booking

-9-
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limit is updated every month and every day in the last week before departure, which can be
counted as sixteen points to update the booking limit. Let b, be the number of class-i booking at

the departure time for i =1,2 and W, (b,) be the number of class-i show-up customers. The profit
can be written as

ﬁ:Z[pibi_ri(bi _W(bi))]_h(wz(bz)_’()+' ©

i=1
Assume that t is the number of days before departure and x, be the optimal booking

limit at the updated booking limit points t before departure. The updated booking limit points
are shown in Table 7.

Table 7 The Update Booking Limit Points for the Four Cases
Case t
7 points 6,5,4,3,2,1,0
13 points 180, 150, 120, 90, 60, 30, 6, 5, 4, 3,
14 points 270, 180, 150, 120, 90, 60, 30, 6,
16 points 330, 300, 270, 180, 150, 120, 90,

2,1,0
543,210
60, 30,6,5,4,3,2,1,0

~

From the previous section, the Two-Classes overbooking can be used with the non -
stationary demand using simulation technique. In this section, the real data is used to find the
optimal number of update booking limits follow this steps:

1) Using real data, forecast demand (i) for the next flight using an exponential smoothing

technique with a smoothing constant determined by minimizing the sum of squared
errors.
2) Use the proportion of Class-1 and Class-2 passengers in (5) to divide the forecasted

demand into two classes. The average demand of Class-1 and Class-2 are /,,, and

12,360'

3) Generate the non — stationary demand for both Class-1 and Class-2 over 360 days, which
is assumed to be a Poisson distribution with means 4, ,;, and 4, ., , respectively.

4) Compute the optimal initial booking limit X, using Theorem 1.

5) Compute the number of every day Class-1 and Class-2 bookings using X, .

6) At update booking limit point £ recomputed the optimal booking limit x. and forecast
the two classes’ demand (/,,,4,,) over the remaining days before departure.

7) Compute a new optimal booking limit x; using the forecasted demand

8) Generate the number of show-up customers following binomial distribution with a mean
equal to the number of class-i bookings and the show-up probability is 4, i=1,2,

then compute the profit using (6).
9) Repeat 1,000 iterations for all steps and average the profit.

In this experiment, the best solution of the optimal update booking limit point is 16,
which gives the profit approximately 32% — 42% greater than 14 update booking limit points.
Moreover, 7 and 13 points provide the same profit for all the situations. The optimal update
booking limit of 13 point gives the highest profit in stationary demand situations, while the update

-10 -
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booking limit of 16 point is more suitable in non-stationary demand situations. The result is shown
in table 8.

Table 8 Profit of the Number of Update Booking Limit Points in different cases

A o, 7 points 13 points 14 points 16 points
0.7 0.7 234,015.76  234,015.76 236,970.50  323,450.99
0.7 0.8 238,740.76  238,740.76 241,448.38  325,017.75
0.7 0.9 241,859.89  241,859.89 244,772.03  326,587.10
0.7 0.95 244,222.39 244,222.39 246,992.78 327,351.43
0.8 0.7 251,067.90 251,067.90 254,572.05 354,704.28
0.8 0.8 255,822.95  255,822.95 259,015.01 356,275.45
0.8 0.9 260,547.95 260,547.95 263,492.42 357,835.87
0.8 0.95 262,437.95 262,437.95 265,458.02 358,598.11
09 0.7 268,274.24  268,274.24 272,197.11  385,984.22
09 0.8 272,526.74  272,526.74 276,399.52  387,536.86
09 0.9 277,251.74  277,251.74 280,876.93  389,096.20
0.9 0.95 277,874.48 277,874.48 281,841.54 389,847.83
095 0.7 279,104.43  279,104.43 282,587.31 401,629.10
095 0.8 281,928.39  281,928.39 285,674.59 403,193.53
095 0.9 286,653.39  286,653.39 290,152.00 404,747.25
0.95 0.95 288,543.39 288,543.39 292,117.60 405,500.98

6. Conclusion

Simulating the non-stationary booking demand data to calculate the optimal booking limit
using the Two-Class overbooking model finds that the optimal booking calculated mostly is the
booking limit. It means that seats are open to reserve for Class-2 customers as booking limit,
while the rest of the seats were reserved for Class-1 customers. Otherwise, the booking limit is
suited to the overbooking limit in some situations, that is, the open to Class-2 customers
overbooking (in which case, there will be no seats left for Class-1 customers).

For comparison, the expected profit from the optimal overbooking limit is greater than
or equal to the airline's booking policy in all study situations. The Two-Class overbooking model
yielded up to 21% more the expected profit margins than airline booking policies. Using real
data, the Two-Class overbooking model is then taken to gauge the optimal nhumber of update
booking limits when the demand is non — stationary. It finds that the update booking limit 16
point gives the maximum profit.
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Appendix

Table A.1 Loss Profit per Flight when 4, = 50 and 1, = 100

. Percentage

n r, 6, o, ABL LOSSFFI’." ol?t of Loss Profit
per Flight per Flight

24344 4725 0.9 0.7 9 38,647.25 18.08
17 34,867.25 16.02

41 23,527.25 10.28

81 4,681.06 1.89

122 361.33 0.14

171 361.33 0.14

1521.5 4725 0.9 0.9 9 38,647.25 17.34

17 34,867.25 15.38

41 23,527.25 9.88

81 4,681.06 1.82

122 361.33 0.14

171 361.33 0.14

2434.4 756 0.9 0.7 9 15,444.45 6.71
17 13,932.45 6.01

41 9,396.45 3.98

81 1,857.97 0.76

122 1,590.72 0.65

171 1,590.72 0.65
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Table A.1 Loss Profit per Flight when 4, = 50 and 4, = 100 (Cont.)

, Percentage
4 r, 6, 0, ABL LossFr;_r o:tt of Loss Profit
per Flig per Flight
24344 756 0.9 0.9 9 15,312.84 6.26
17 13,800.84 5.61
41 9,264.83 3.70
81 1,726.36 0.67
122 1,459.11 0.56
171 1,459.11 0.56
Table A.2 Loss Profit per Flight when 4, = 60 and 4, = 110
. Percentage
3 n 6 6, AL ROSSPTOMt . of) oss profit
per Flight per Flight
24344 4725 09 0.7 9 37,029.68 15.76
17 33,249.68 13.93
41 21,909.68 8.76
81 3,009.68 1.12
122 0.00 0.00
171 0.00 0.00
1521.5 4725 09 0.9 9 37,319.63 15.25
17 33,539.63 13.50
41 22,199.63 8.54
81 3,299.63 1.18
122 289.94 0.10
171 289.94 0.10
24344 756 09 0.7 9 14,739.90 5.82
17 13,227.90 5.19
41 8,691.90 3.35
81 1,131.90 0.42
122 4,991.58 1.90
171 4,991.58 1.90
24344 756 0.9 0.9 9 14,927.85 5.55
17 13,415.85 4.96
41 8,879.85 3.23
81 1,319.85 0.47
122 5,179.53 1.86
171 5,179.53 1.86
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Table A.3 Loss Profit per Flight when 4, =70 and 1, = 120

Vol. 21 No. 1 [2022]: 247376
doi: 10.14416/j.appsci.2022.01.006

, Percentage

n r, 0, 6, ABL LossFr;_r o:tt of Loss Profit
per Flig per Flight

24344 4725 09 0.7 9 37,488.86 15.95

17 33,708.86 14.12

41 22,368.86 8.94

81 3,468.86 1.29

122 0.00 0.00

171 0.00 0.00

1521.5 4725 09 0.9 9 37,488.86 15.34

17 33,708.86 13.58

41 22,368.86 8.62

81 3,468.86 1.25

122 0.00 0.00

171 0.00 0.00

24344 756 0.9 0.7 9 14,742.00 5.82

17 13,230.00 5.19

41 8,694.00 3.35

81 1,134.00 0.42

122 4,440.79 1.68

171 4,440.79 1.68

24344 756 0.9 0.9 9 14,931.00 5.56

17 13,419.00 4.97

41 8,883.00 3.24

81 1,323.00 0.47

122 4,629.79 1.66

171 4,629.79 1.66
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Abstract

This research aims to create steam trap valve opening sound classification models using two classification
methods including support vector machine (SVM) and long short-term memory (LSTM), and to compare the
performance of the models. This study employs five feature extraction methods including zero-crossing rate,
spectral centroid, Mel-frequency cepstral coefficient, spectral rolloff, and short-term Fourier transform. In addition,
this study compares the performance of the models using two datasets including imbalanced dataset and balanced
dataset which is resolved by using hybrid sampling method. The results show that SVM with Polynomial kernel
function and LSTM provide higher F1 score when learning from balanced dataset than using imbalanced dataset.
Moreover, SVM and LSTM provide the same F1 score of 66.67%. However, SVM provides higher precision than
LSTM with value of 63.64% and 52.94%. In addition, LSTM gives higher recall than SVM with value of 90.00%

and 70.00%, respectively.

Keywords: sound classification, steam trap, support vector machine, long short-term memory
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187 uazviin daduay “'l]$i]WLluﬂlﬁﬂﬁLﬂu]liJhl‘]ﬂﬁf]\ilﬂﬂ’ﬂa’f]

9
5.2 AN MUNTTET A ULDUE (long short-term memory: LSTM)

] o ? I ] 1Y a a {
TUIYAININTSHCTULVUYI (LSTM) WulaseviedseamiounuuiunauyianyAa1uiso
P ' '
Liﬂui)ﬂi}}ﬂﬁuna'ﬁgﬂgﬂ'ﬂ “I’T‘Ll'JEJﬂ’NiJﬁi'lﬁng%ﬁ‘HLL‘}JUfJ']’JULﬁJﬂJﬂ'liE]f]ﬂl,HJ‘Ull']Lﬁf)ﬁaﬂmﬂ\iﬁiyﬁ'lﬂ1ii]ﬂﬁ'liu

Yy - Y 1a . =]
s2e2e1) lageanuuulvinn (gate) MAVIUA 3 1N Taun dunaan (input gate) Wesmnnnan (forget gate) Ko

a
£

J @ a J ~
1B1ANALNN (output gate) (Apaydin et al., 2020) uanmﬂﬁmﬂamuwuwmmwa (input cell state: C,)
' ° 3 a v g A Y o ' ~ o 1 ™
nieaNus ez duuuuel Inssaiaiugnlanadiony Tassisdssammonnnuiundued1adey ual
anuuanannululassadwvesdmnundudoundtmu inn 3 1 dwmsusimihnaiuguns lvaves

v Yy A 9 ~ o o 1 : o ~ .
ﬂmymmmamayaaaﬂ UAZULHEAAT IV IVIAIBINININN Llﬁﬂﬁﬂ\igﬂ‘n 2 (Cu1 etal., 2018)

Cioy

v Y
1 2 Tassadvesmitennuiiszezdunuve (LSTM)

o w ° " a . s s a 7 .
E‘T']WﬂJﬂWiﬂTL!’Jﬂ‘lﬂﬁ]uwmﬂﬂ (1[) V\I?Ji!,ﬂ‘ﬂlﬂ‘ﬂ (ﬂ) DIANALNN (0[) Hae ﬁmuzauwmmma (mput

cell state: C,) Y9170 t ITAUINIINAUMNT (16) 84.(19)
f,= 0,(Wx, + Ugh_, +bp) (16)

i = 0,(Wx, + U, +b) (17)
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0,= O'g(Wox‘ +U,h,, +b,) (18)
C, = tanh(Wx, + Uch, | +be) (19)

a < 2 ¥ o ' . 1
Taoh W, W, W, ez W, iilummsndiiminiaeasaou (hidden layer) foyaiiivesaaginniazaan
S A 2% o A ' ¢ 7 o '
U, U, U, ez U Wlumsnmiminiienaeaniuzoviynvodsad luedanuuaazimnnuazamn
by b, b, tag b iunnmeimanueuBsIvsLAazIANLAZ AN
A . . = < J o . .
itaz O, D Activation Function Y04tn @99iIuilanyu Sigmoid

9 = A o s s 4 s
%Zi%ﬁuﬂﬁ (20) D3 (21) IWBAMUIUADTIUSIDIANAVDILE AR (Cl) UagIanaLaLs (hl)
C,=fxC,_, +i xC, (20)
h, = o, x tanh(C,) 2D

i g I . s 4
Tagh tanh 17]1 Activation Function Y8901 AAIEDS

a

] Y

@1%5U Activation Function Yoo dyatatees 15 1ua1uddolisl 3 ¥iia 18un rectified linear unit

% g sy @ A o o ° o

(relu), hyperbolic tangent (tanh) 112 sigmoid a1 uWanduna lUnlFaud msy LST™M arunsomiuin laas

a = a
AUNITN (22) DI AUNITN (24)

- Sigmoid
1
glz)= — (22)
1+e
- Tanh
e -’
o2)= —— (23)
e +e
- ReLU
g(z) = max(0,z) 24)

o a d Y]
6. MINMUHUANIIINIADIVIIANINUL
Yy o ° a s ¢ o H Yan ¥ Ao & W

1uﬂ15ﬁ§13ﬁ3llﬂﬂﬂ1ﬁﬁ]“LuﬂLﬁﬂQlﬂﬂ?Wﬂ?m@ﬁQﬂﬂiﬂ!ﬂﬂml't‘)in Tﬂﬂiﬂf?‘ﬁﬂTﬁﬂ\iﬁ@QTﬁﬂu‘l]u@]@\i
o 1% U a o A o ~ a a o =) aa [
ﬂ'lﬂuﬂllag‘ﬂ3Uﬂ'lW']ﬁ'liJLﬂﬂﬁlﬁﬂslﬁwlﬁjﬁ’]llﬂﬂﬂclﬁ)ﬂ§$ﬁ°ﬂ‘ﬁﬂ1wsluﬂ'liﬂﬂluﬂ!ﬁﬂ\1ﬂ‘ﬂfjﬂ NRERIEET,
: a ¢ o A aw 44 o y A .
ﬂ'lW']i'lll!@ﬂT’Uﬂﬁﬁ']LLUUWi]'liﬂ!']i]'lﬂﬂ']iﬁﬂ}ﬂ\ﬂu'f] ﬂﬂlﬁﬂ?ﬂ?ﬂﬁﬂﬂﬂTﬁﬁﬂHTiuﬂiﬂu (Albon, 2017; Navlani,
2019)

an o o 1 a ¢ o 1 ' ' .
IﬂﬂTﬁ SVM 2MINTUTUMWIT NP DT UOIAVUNINNA 3 A1 Vlﬁ}!,!,ﬂ kernel function, C 48& gamma

' a P I L4
HAAIAINI T3 NS UAne 13l
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LA ) a v A o ¥ A9 ao 2q9
- kernel function Ai® M3ulasvoyadunavesyaveyanimualiedlugduuundesnis luauiveuly
J o '
kernel function 4 Wan¥u 1dun linear, polynomial of 3" degree, sigmoid 10 radial basis function

|4‘ Y a aw

3
- ¢ fio mndmualiligadeyaaziliaduvey Tagdinansnunitvouduvey Tuauideiidimua 4 a1
Taun 10, 100, 500 1ag 1,000
A ° ' = g v a A0 o oy Y
- gamma A9 MIMUUAMTUNTNTLIBVOI kernel T uvoLIVAMIARTUTY MInTAE 1dU AoV LLUA
' s
msaaduloezdr lunnassdumnisigeveuamsdadulavznin duiwduldsvesveuvanis
v Aa = 9 Id v a 9 aov dy o 1 9 1
aadulavzge Fevzadrwiluveuwamsdadulesou q yadoya Tuauidselidua 7 a1 14un 0.000001
0.00001 0.0001 0.001 0.01 0.1 1tA 1.0 ¥ALIU gamma V01 linear function LA UNIND 1
a o o ° o w . < y a
3% LSTM agiimsad 19dauuui1aenua1ay (sequential model) 1iun1sisssdouvossugadu
~ad H a L4 gu =~ Jdo o [
Taelisuueatoyaiti (input layer) 1AZFUVDITOYANANTUATIZH (output layer) UBAVINUTINTIAFUFIMTY
=) o 4 a [ ' a 4 .
m3iseus tazmsiue FazlinsSuamnsiimes (Zhu & Chollet, 2020; Brownlee, 2017; Lim et al., 2019;
9
TensorFlow, 2021) A4
H ) v . P o o ' ) ] o wa
FUYBIVOYAIUT (input layer) HUUMTMMUATIHMZAN ) VOITBY AU VMM UAAUANITAVD
3’, Y 9 ' Y 1 . . IS} o ' w1 d"
TUUBYALVT 4 AN Ilﬂ!,!ﬂ units, input shape, dropout Li¥ return sequences umimﬂuﬂmmma”lﬂu
- units MAUAAUMND 64
. ° ] ' A o v v ' = '
- input shape Mvuaa Uiy (1, 536) TagAwsnae 1uINLDIvevoyai luudazsoy Gelunaazsenay
a1 un7 tazAdes AesiuvesanlsseTIuguan YL (feature) YaToya Hell 536 A
° ya 1 2 ' = A A
- dropout MHUATANAIAILA 0.1 IUDY 0.5 tNUTAAZ 0.1
o Yy 1 3 a
- return sequences Mrualnuauiluasa (true)
g’x a L4 ° A Z‘, a 4 J J
FuUpUOYANANITIUATIZH (output layer) 1 ADIMMUARMANLTAVDIFUNANTUATIZN 2 A1 TdUn
. . . . . o 1 [ I @ 4 o 1 1
units 1A activation function 1A® units MvuaAWNINY 1 wszilumsadeduuuiesuunngy 2 nguay
' ' 3 A < ' A oA ' L. . Y s v
waaamanuiztunzungu 1 vsenquauls @9u activation function Y03 output layer 19 3 Wanu
1@14A tanh, relu ag sigmoid Aataadluaumsi (22) 89 aumsn 24)
Jo o [ J o . < o ' o
Wandudmsumsizoudazldlendu compile Wlumstmuanminszuiumsizoudvesdmuy Ims
° ' ' Y ° o 2
fvuan 3 a1 laun loss, optimizer LLQ1$ metrics Tagfvuaniaane luil
3 ° I = 3 3 . 4 3
- loss 1umsimuaWendun1sgaide (loss function) 1¥13u binary crossentropy ties1miuilgyminig
° ' ' o & ° o ' ' 3 1A A 3 ' a
TWUNNGN 2 NQY HAANTNITINUIBVIGMVVITVONMANVIIAT UL Tomanszitungy 1 Tagilna
° P oA oAy
vimuald 1 ununguiaulag o unungui liauls
.. Yo A R 2 o as & [ . o @ a J 1 ¥ Y
- optimizer 1460093914 ADAM F48an03NuHa115015DA1 learning rate dMTVMIT N5 IUuAazaela

2
v @

9
AU 95 UA learning rate 731UA 6 A1 TALA 0.1 0.01 0.001 0.0001 1AL 0.00001
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g o ¢ a o ao Aqu ¢ A qy .
- metrics 1 UmMsMruanamslsziiunadinuy uITeU lsnuN accuracy v luaaslugiunuves

AMUYNADI
Jd v ) [ [ d o I Jd v =
WeanFudmsumsihneez 1diandu ficdudansulunsisouiTaelddeyaSond (raining set)
& o o ! sa s 1 gy 1 . o Vo 4
Fahmsmmuan1013nauua 2 A1 Taun epochs 118z batch size Tnommuaniasae Tt
"o & ) ~ Yo ' 0o q.¥
- epochs 1M1V 100 tHumsiugivoya x uaz y lumsisouiamnulaouaaz Epoch 92951197 Loss anaq
1 v Y
Tuvaiz Accuracy LAY
"o = o o o 1 o ! .
- batch size 1N 64 HUMIMUUATIUIUAIDENADMIDUIAAAT gradients
[ = Yas as Y £ g‘, as A
Tunmsuenguanyuzveudesninlagldiims s Sbuazmsaduamuunigeds Woullsunsy

Tal¥nm Python YU Google Colab (https://colab.research.google.com/)

7. maalszansmnvesinuy
Ao Aq 9 ¢ o A a o Y o1 A . ' A A
NIl lnasimsTalseansamvesdnuy 18un A1nNNRes (precision) AMMFISENAY (recall)

! = A o o a8
1azA1 F1 (Fl-score) IﬂleI“VI'NLﬁ?JﬂGl‘Llﬂﬁﬁ?ﬂﬂﬁﬂ?iﬂ?uWﬂﬂﬁﬂ]ﬁ]ﬂ‘n 2

M519% 2 Confusion Matrix

. 1939
Mg — —_—
ieitlanad Talsdsadlanar
ideailanan TP FP
a d
Talwdesilannas FN N

Y ISl a

{ <3| a o 13 a J
Taoh  true positive (TP) fio Yoyanans uiludsauiland uegninihudeuilanas

U

9 A a

. A 9 A A ) T A A ¢
true negative (TN) fin Yoyana1nse lilsdsuiland huegninlilndeuilandd

A

{ A q 1 g a J o a 1 g a s
false positive (FP) fio Tayana193e lilydludsatlands inerainiu@sailands

U

. {1 a & ) J o a g 1 a '3
false negative (FN) Ain Yoyanaivsuiludesuilana sinneian hilsideuilandy

7.1 MAUNEN (precision)
° ° y £y 4 o To o a o 1 ° °
Aumnmsneigndeaiio Jaanuwindvesdmun Tasfinandadiuaessuaunmsiug
a A I Y . =~ o ° o L A A s &
(@89111A11899nADA (true positive) MBUAUNATINVBITIUIUM TN NTIEsUTANAIMIMUA

TP

Precision = (25)

TP + FP

-13 -



The Journal of Applied Science Vol. 21 No. 1 [2022]: 244672
NsRFINeEdaslssene doi: 10.14416/j.appsci.2022.01.007

7.2 MMTEENAY (recall)
° v o a 4 @ a o U o o
Muurinnugnasslumsineadsautlanarvesauy TasAandaduvessuiumsiug
13 = a s Y .. = ) = = J Y 3’:
Nilu@satlanaignded (true positive) oS M@EsTaNa Iudoyagaiiu

TP

Recall = (26)

TP + FN
7.3 A1 F1 (Fl-score)
1 = J a . ' 1 A .. 1 = A |
AURNAYIITNDUN (harmonic mean) TEHINAIANMNYY (precision) LAZAINITLTINAY (recall) uaziilu
A ldiemduuuntinnuanganasznIeAIAUNes uazamsisonau fuawldninaunmsi (24)

2 x Precision x Recall
F1-Score= —— 27

Precision + Recall
a J
8. WalazIITUNANITNAADY

Y o Y ax as ° o 1 A s A
AINNITNAADITITWNAILVUUAIYIT SVM 11ag35 LSTM TﬂEJ‘VITmi‘]Ji‘]JmWTﬁﬂJlﬁﬂﬁmimﬂm’ﬂﬂu

1 @ =

v o a Y o v 9 ~ Y 9 9 ~ Y 9 {
nIUD 6 ﬂHu‘uﬂﬁﬁiN@]’JLl‘]ﬂJIﬂﬂiﬂ)’ﬂfﬂﬂl@MﬁﬂﬁLiﬂui‘ﬂﬁlJlel’dlliJﬁiJﬂaﬂU%ﬂ"ll’é)iJaﬂﬁLiﬂug‘ﬂﬂjﬂyaﬁhﬂa1/1

El U U U Ll El U Ll
= A )

‘IJ%/‘]JLLfH{@ng’JEJﬂﬁGl“mNﬁJJWﬁ1H HaMIANHUNONATOUABTDYAYANATDVUAAIAIMNTINN 3 LazmM 1N 4

U A

~ a 7 ) A 9y o Y an
139N 3 @]151\1Naﬂ'li’)!ﬂi?&’T‘isll’é]\i"llﬂll“a"l‘fﬂ'i/lG]ﬁ"é)‘]J‘I/lﬁiN@l’.]LHJ‘]Jﬂ'JEJ’Jﬁ SVM

Mmiines yamsevdoyaiiliauna gamsiendiiveyaauna
Precision Recall Fl-score Precision Recall Fl-score

kernel gamma C
(%) (%) (%) (%) (%) (%)
linear 1 100 62.50 50.00 55.56 50.00 60.00 54.55
linear 1 500 62.50 50.00 55.56 50.00 60.00 54.55
linear 1 1000 62.50 50.00 55.56 50.00 60.00 54.55
poly 0.000001 10 0.00 0.00 0.00 0.00 0.00 0.00
poly 0.000001 100 0.00 0.00 0.00 0.00 0.00 0.00
poly 0.000001 500 0.00 0.00 0.00 0.00 0.00 0.00
poly 0.000001 1000 0.00 0.00 0.00 0.00 0.00 0.00
poly 0.00001 10 0.00 0.00 0.00 0.00 0.00 0.00
poly 0.00001 100 0.00 0.00 0.00 0.00 0.00 0.00
poly 0.00001 500 0.00 0.00 0.00 50.00 10.00 16.67
poly 0.00001 1000 0.00 0.00 0.00 28.57 20.00 23.53
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poly 0.0001 10 0.00 0.00 0.00 27.78 50.00 35.71
poly 0.0001 100 0.00 0.00 0.00 50.00 70.00 58.33
poly 0.0001 500 100.00 10.00 18.18 53.85 70.00 60.87
poly 0.0001 1000 50.00 10.00 16.67 58.33 70.00 63.64
poly 0.001 10 100.00 30.00 46.15 58.33 70.00 63.64
poly 0.001 100 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.001 500 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.001 1000 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.01 10 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.01 100 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.01 500 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.01 1000 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.1 10 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.1 100 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.1 500 80.00 40.00 53.33 63.64 70.00 66.67
poly 0.1 1000 80.00 40.00 53.33 63.64 70.00 66.67
poly 1 10 80.00 40.00 53.33 63.64 70.00 66.67
poly 1 100 80.00 40.00 53.33 63.64 70.00 66.67
poly 1 500 80.00 40.00 53.33 63.64 70.00 66.67
poly 1 1000 80.00 40.00 53.33 63.64 70.00 66.67

sigmoid 0.000001 10 0.00 0.00 0.00 13.16 100.00 23.26
sigmoid 0.000001 100 0.00 0.00 0.00 40.00 80.00 53.33
sigmoid 0.000001 500 0.00 0.00 0.00 44.44 80.00 57.14
sigmoid 0.000001 1000 33.33 10.00 15.38 44.44 80.00 57.14
sigmoid 0.00001 10 0.00 0.00 0.00 40.00 80.00 53.33
sigmoid 0.00001 100 33.33 10.00 15.38 44.44 80.00 57.14
sigmoid 0.00001 500 50.00 30.00 37.50 50.00 70.00 58.33
sigmoid 0.00001 1000 57.14 40.00 47.06 54.55 60.00 57.14
sigmoid 0.0001 10 33.33 10.00 15.38 47.06 80.00 59.26
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sigmoid 0.0001 100 55.56 50.00 52.63 53.85 70.00 60.87
sigmoid 0.0001 500 41.18 70.00 51.85 42.11 80.00 55.17
sigmoid 0.0001 1000 36.84 70.00 48.28 33.33 80.00 47.06
sigmoid 0.001 10 27.27 30.00 28.57 9.28 90.00 16.82
sigmoid 0.001 100 25.00 30.00 27.27 9.18 90.00 16.67
sigmoid 0.001 500 23.08 30.00 26.09 9.18 90.00 16.67
sigmoid 0.001 1000 23.08 30.00 26.09 9.18 90.00 16.67
sigmoid 0.01 10 0.00 0.00 0.00 0.47 70.00 0.94
sigmoid 0.01 100 0.00 0.00 0.00 0.47 70.00 0.94
sigmoid 0.01 500 0.00 0.00 0.00 0.47 70.00 0.94
sigmoid 0.01 1000 0.00 0.00 0.00 0.47 70.00 0.94
sigmoid 0.1 10 50.00 10.00 16.67 0.27 60.00 0.55
sigmoid 0.1 100 50.00 10.00 16.67 0.27 60.00 0.55
sigmoid 0.1 500 50.00 10.00 16.67 0.27 60.00 0.55
sigmoid 0.1 1000 50.00 10.00 16.67 0.27 60.00 0.55
sigmoid 1 10 33.33 10.00 15.38 0.40 80.00 0.79
sigmoid 1 100 25.00 10.00 14.29 0.40 80.00 0.79
sigmoid 1 500 25.00 10.00 14.29 0.40 80.00 0.79
sigmoid 1 1000 25.00 10.00 14.29 0.40 80.00 0.79

rbf 0.000001 10 0.00 0.00 0.00 22.50 90.00 36.00
rbf 0.000001 100 0.00 0.00 0.00 42.11 80.00 55.17
rbf 0.000001 500 33.33 10.00 15.38 44.44 80.00 57.14
rbf 0.000001 1000 33.33 10.00 15.38 50.00 80.00 61.54
rbf 0.00001 10 0.00 0.00 0.00 42.11 80.00 55.17
rbf 0.00001 100 33.33 10.00 15.38 47.06 80.00 59.26
rbf 0.00001 500 57.14 40.00 47.06 54.55 60.00 57.14
rbf 0.00001 1000 57.14 40.00 47.06 50.00 60.00 54.55
rbf 0.0001 10 33.33 10.00 15.38 43.75 70.00 53.85
rbf 0.0001 100 57.14 40.00 47.06 53.85 70.00 60.87
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rbf 0.0001 500 62.50 50.00 55.56 53.85 70.00 60.87
rbf 0.0001 1000 62.50 50.00 55.56 53.85 70.00 60.87
rbf 0.001 10 50.00 40.00 44.44 50.00 70.00 58.33
rbf 0.001 100 50.00 40.00 44.44 50.00 70.00 58.33
rbf 0.001 500 50.00 40.00 44.44 50.00 70.00 58.33
rbf 0.001 1000 50.00 40.00 44.44 50.00 70.00 58.33
rbf 0.01 10 0.00 0.00 0.00 0.00 0.00 0.00
rbf 0.01 100 0.00 0.00 0.00 0.00 0.00 0.00
rbf 0.01 500 0.00 0.00 0.00 0.00 0.00 0.00
rbf 0.01 1000 0.00 0.00 0.00 0.00 0.00 0.00
rbf 0.1 10 0.00 0.00 0.00 0.00 0.00 0.00
rbf 0.1 100 0.00 0.00 0.00 0.00 0.00 0.00
rbf 0.1 500 0.00 0.00 0.00 0.00 0.00 0.00
rbf 0.1 1000 0.00 0.00 0.00 0.00 0.00 0.00
rbf 1 10 0.00 0.00 0.00 0.00 0.00 0.00
rbf 1 100 0.00 0.00 0.00 0.00 0.00 0.00
rbf 1 500 0.00 0.00 0.00 0.00 0.00 0.00
rbf 1 1000 0.00 0.00 0.00 0.00 0.00 0.00

2 a ¢ ) A ¥ o Yan
M1INN 4 ﬁ?ﬁWQWﬁﬂWﬁ')Lﬂi']$ﬁGUfJQ"U@ll"a"]qfﬂ‘ﬂﬂﬁﬂuwai‘m@]')“ﬂﬂiﬂﬂﬁlﬁﬁj'ﬁ LSTM

a ¢ 8 yy 2y 8 yay
MNUADI gamsiseuideyanlianga FAMBUINVIYaTNA
Learning Actavation Precision Recall Fl-score Precision Recall  F1-score
Dropout

rate func. (%) (%) (%) (%) (%) (%)
0.1 tanh 0.1 0.00 0.00 0.00 20.59 70.00 31.82
0.1 tanh 0.2 0.00 0.00 0.00 2.01 80 391
0.1 tanh 0.3 0.00 0.00 0.00 23.33 70.00 35.00
0.1 tanh 0.4 0.00 0.00 0.00 21.05 80.00 33.33
0.1 tanh 0.5 0.00 0.00 0.00 17.50 70.00 28.00
0.1 relu 0.1 0.00 0.00 0.00 0.39 80 0.78
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0.1 relu 0.2 0.00 0.00 0.00 0.29 60 0.59
0.1 relu 0.3 0.00 0.00 0.00 0.47 100 0.93
0.1 relu 0.4 0.00 0.00 0.00 2.12 50 4.07
0.1 relu 0.5 0.00 0.00 0.00 2.34 90 4.57
0.1 sigmoid 0.1 33.33 20.00 25.00 25.93 70 37.84
0.1 sigmoid 0.2 50.00 30.00 37.50 31.58 60 41.38
0.1 sigmoid 0.3 23.08 30.00 26.09 29.17 70 41.18
0.1 sigmoid 0.4 33.33 20.00 25.00 29.17 70 41.18
0.1 sigmoid 0.5 33.33 10.00 15.38 25 60 35.29
0.01 tanh 0.1 0.00 0.00 0.00 33.33 60.00 42.86
0.01 tanh 0.2 0.00 0.00 0.00 33.33 60.00 42.86
0.01 tanh 0.3 10.00 10.00 10.00 25.64 100.00 40.82
0.01 tanh 0.4 50.00 20.00 28.57 38.89 70.00 50.00
0.01 tanh 0.5 0.00 0.00 0.00 42.11 80.00 55.17
0.01 relu 0.1 0.00 0.00 0.00 33.33 70.00 45.16
0.01 relu 0.2 0.00 0.00 0.00 23.08 90.00 36.73
0.01 relu 0.3 0.00 0.00 0.00 40.91 90.00 56.25
0.01 relu 0.4 0.00 0.00 0.00 38.89 70.00 50.00
0.01 relu 0.5 33.33 20.00 25.00 40.00 80.00 53.33
0.01 sigmoid 0.1 57.14 40.00 47.06 33.33 60.00 42.86
0.01 sigmoid 0.2 50.00 40.00 44 .44 44.44 80.00 57.14
0.01 sigmoid 0.3 50.00 40.00 44.44 36.84 70.00 48.28
0.01 sigmoid 0.4 50.00 50.00 50.00 42.11 80.00 55.17
0.01 sigmoid 0.5 50.00 50.00 50.00 38.89 70.00 50.00

0.001 tanh 0.1 40.00 20.00 26.67 35.29 60.00 44.44
0.001 tanh 0.2 40.00 20.00 26.67 38.89 70.00 50.00
0.001 tanh 0.3 50.00 40.00 44.44 52.94 90.00 66.67
0.001 tanh 0.4 50.00 50.00 50.00 41.18 70.00 51.85
0.001 tanh 0.5 50.00 50.00 50.00 42.11 80.00 55.17
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0.001 relu 0.1 33.33 10.00 15.38 38.89 70.00 50.00
0.001 relu 0.2 0.00 0.00 0.00 38.89 70.00 50.00
0.001 relu 0.3 60.00 60.00 60.00 37.50 60.00 46.15
0.001 relu 0.4 60.00 30.00 40.00 42.11 80.00 55.17
0.001 relu 0.5 62.50 50.00 55.56 38.89 70.00 50.00
0.001 sigmoid 0.1 50.00 60.00 54.55 35.29 60.00 44.44
0.001 sigmoid 0.2 50.00 60.00 54.55 38.89 70.00 50.00
0.001 sigmoid 0.3 60.00 60.00 60.00 40.00 60.00 48.00
0.001 sigmoid 0.4 50.00 60.00 54.55 41.18 70.00 51.85
0.001 sigmoid 0.5 50.00 60.00 54.55 41.18 70.00 51.85
0.0001 tanh 0.1 50.00 40.00 44.44 37.50 60.00 46.15
0.0001 tanh 0.2 45.45 50.00 47.62 37.50 60.00 46.15
0.0001 tanh 0.3 50.00 60.00 54.55 38.89 70.00 50.00
0.0001 tanh 0.4 45.45 50.00 47.62 35.29 60.00 44.44
0.0001 tanh 0.5 38.46 50.00 43.48 38.89 70.00 50.00
0.0001 relu 0.1 55.56 50.00 52.63 37.50 60.00 46.15
0.0001 relu 0.2 46.15 60.00 52.17 41.18 70.00 51.85
0.0001 relu 0.3 54.55 60.00 57.14 41.18 70.00 51.85
0.0001 relu 0.4 33.33 10.00 15.38 38.89 70.00 50.00
0.0001 relu 0.5 54.55 60.00 57.14 38.89 70.00 50.00
0.0001 sigmoid 0.1 54.55 60.00 57.14 37.50 60.00 46.15
0.0001 sigmoid 0.2 60.00 60.00 60.00 35.29 60.00 44.44
0.0001 sigmoid 0.3 54.55 60.00 57.14 38.89 70.00 50.00
0.0001 sigmoid 0.4 60.00 60.00 60.00 41.18 70.00 51.85
0.0001 sigmoid 0.5 55.56 50.00 52.63 42.11 80.00 55.17

0.00001 tanh 0.1 50.00 50.00 50.00 38.89 70.00 50.00
0.00001 tanh 0.2 44.44 40.00 42.11 40.91 90.00 56.25
0.00001 tanh 0.3 40.00 20.00 26.67 40.00 80.00 53.33
0.00001 tanh 0.4 0.00 0.00 0.00 33.33 90.00 48.65
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0.00001 tanh 0.5 0.00 0.00 0.00 11.11 100.00 20.00
0.00001 relu 0.1 100.00 10.00 18.18 8.79 80.00 15.84
0.00001 relu 0.2 57.14 40.00 47.06 7.30 100.00 13.61
0.00001 relu 0.3 45.45 50.00 47.62 1.44 100 2.84
0.00001 relu 0.4 25.00 10.00 14.29 1.22 100 241
0.00001 relu 0.5 0.00 0.00 0.00 1.15 100 2.27
0.00001 sigmoid 0.1 40.00 20.00 26.67 42.11 80.00 55.17
0.00001 sigmoid 0.2 60.00 30.00 40.00 42.11 80.00 55.17
0.00001 sigmoid 0.3 50.00 10.00 16.67 40.00 80.00 53.33
0.00001 sigmoid 0.4 50.00 10.00 16.67 36.00 90.00 51.43
0.00001 sigmoid 0.5 0.00 0.00 0.00 24.32 90.00 38.30
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Abstract

The objective of this research was to study the wastewater treatment for the textile industry by
electrocoagulation process with synthetic wastewater. The experimental conditions including the initial pH of 7
and 10, the current densities of 0.01, 0.02 and 0.03 A/ cm’ with the reaction time from 10 to 60 min. The
experimental results revealed that the initial pH of 10, the current density of 0.02 A/ cm” and the reaction time of
20 min were the optimum conditions, resulting in the color, turbidity, and chemical oxygen demand ( COD)
removal efficiencies of 92.6%, 69.1%, and 89.1%, respectively. While the initial pH of 7, the current density of
0.01 A/cm’ and the reaction time of 40 min were the optimum conditions, resulting in the color, turbidity, and
chemical oxygen demand (COD) removal efficiencies of 90.0%, 10.7%, and 92.6%, respectively. The operational
costs of initial pH of 10 and pH of 7 were 58.0 bath/ m’ and 94.1 bath/m’, respectively. The study indicated that
electrocoagulation process at an initial pH of 7 and 10 followed the second-order kinetics. It was found that the
activated sludge (AS) system was capable to treat the real textile wastewater better than the electrocoagulation in
terms of higher turbidity and COD removal efficiency. Nevertheless, the results suggested that the activated
sludge system followed by the electrocoagulation increases the color removal efficiency of the textile industry

wastewater. It can be the alternative wastewater treatment for textile industry.

Keywords: Wastewater treatment, textile industry, electrocoagulation
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nsa¥anIIn (H,S0,) 60 M./

A = 9 a . A P G 2 o 9 o s ¥ XA I
MIAONAGONFUA Reactive blue dye 1o 1¥lumswsouingonondoudunsizinsetilosnindu
= { a 2 = A I
gdounilonldlugaamnssudane Taglaseaiumuniiddousiia Reactive blue dye Hsz g uay
a

{ Y & o2 g ¥ ¢ vo & !
Nsznoudle nquiugiu 4 ngu Fsawsondauiulassadielaena T 1ddi (1sswassa hienssa

4
NIUR, 2546)
S-D-T-X

1 y 3 Y I o a
Tag s Ao nguitianuansalumsazaieilags Taen lazitlunandaTuiin (-S0,Na)
% A Vo ' s
FadanognunquIns luvlos
1 AA o Yya a U U 4
D Ap nquueunNnliiAad Son1 ngulns Tuwes (Chromophore)
A ' A o Y Ad o A ' 1A A (o ' '
A nguezauhMiNTludNFousznINNgUTueaTinAungy Ins Tuwes
A A = . & <3| Ao Y= o ann (2 !
X flo nguiteAnHl (Reactive group) ¥aaziflunguinhlnahilgnsennunqu

laasondaludule

o 2 & 1 vo a o
Tuiagafuildsueniin (Reactive dyes) Wuddouin lasuanuiionlumsriunlslumsdoudule

Yy
H a ' ) A

' ] an a Y] o == o 3 ° Y]
DYNNINVIN !.‘Wi131’{51!6?1‘1/]Wuu%Zﬂﬂﬂﬂuulﬁuiﬂﬂ’mwu‘ﬁﬂﬂ’nmuﬂ GlNL‘]JMWHﬁZVILHNL!N 1/]1114‘1/]111/]11&

U
A Y a

1 @ y J - o I { a
aemsdna1s awrsadon laneunnna dnlalinnudala dregaauiiailddEueaiivhiuniion

a

A E
WHUINVULIDY 9



The Journal of Applied Science Vol. 21 No. 1 [2022]: 244292
NsRFINeEdaslssene doi: 10.14416/j.appsci.2022.01.008

a o 3 9 o o A Y
A1919N 2 ﬂmaﬂymzmaqmmaﬂaﬂﬂaummswwmmﬂu‘lﬂ

Yy 9
ANUUVNVU
AUANYUE " — —

U@ea1 pH (3uAU 7 A1 pH [FuAU 10
A1 pH 7.03 +£0.02 10.03 +0.02
% To@ (COD) 564.78 +70.26 602.76 +29.14
@ (Color) 42.80 +19.64 39.99 £ 10.98
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Abstract

At present, there is increased rubber-based intercropping plantation. However, the studies of nutrient
status in rubber-based intercropping plantation are limited. The rubber growing soil, rubber leaves and latex in
different rubber-based intercrops; rubber-bamboo, rubber-Phak-liang, rubber-Sala and rubber monocropping close
to rubber-based intercropping were collected to study nutrient status for optimal fertilizer use management. The
results showed that nutrient concentrations of rubber growing soil, rubber leaves and latex in rubber monocropping
was not significantly different with rubber-based intercropping. Nitrogen, potassium and magnesium status of
rubber growing soil and rubber leaves were low. While available phosphorus and extractable calcium concentrations
of rubber growing soil and rubber leaves were medium to high. However, available phosphorus, extractable calcium
and magnesium of rubber-based intercropping tended to be higher than rubber monocropping, which corresponded
to phosphorus and magnesium concentrations in rubber leaves and magnesium in latex. Available phosphorus of
rubber growing soil was significantly correlated with phosphorus concentrations of rubber leaves  (r = 0.74*%),
The results indicates that rubber-based intercropping increases available phosphorus, extractable calcium and
magnesium concentrations in rubber growing soil. However, nitrogen, potassium and magnesium concentrations in
rubber growing soil and rubber leaves remain low. Therefore, fertilizer application based on soil or leaf analysis

should be practiced, especially nitrogen, potassium and magnesium based fertilizers.

Keywords: Nutrient status, Rubber-base intercroping, Rubber growing soil, Rubber leaf, latex
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WoaWesaiuihulse Tomi (Bray II method) @24 Inunaidon uaaidow sazunni@euiiaia’ld laemsri
fumanadionenTuilevesFian (NH,0Ac) 1 Tuari fiew 7uasTada01a3 04 atomic absorption
spectrophotometer (AAS) 8740 Thermo U iCE 3000 Series 91n1/5zmetomisn Tag Tnunaideonldvannisuos

atomic emission @3uLAAFENLAaTLNNTIFEN1F1ANNT V0 atomic absorption (Onthong & Poonpakdee, 2019)
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4 ' ' A 9 dq ¥ d a I v '
usnveanalususzndnund Tas@enduenamanlndyanuau nuudasas 9 Au duas 4-6 1y Tuszezneu

a

' o o ' o H I < ° A
Tailo thdregrshanuazeialaoms l¥iazeraguiimevuia el wazii ldeungumgi 70 eamn

~ o A o ' Y 2 o 9 a 9 A o ' A '
waed Uszana 72 %2 1ug edegaiavai ldualiazidoaronTesuade19is AuaLLNI VLA

a J @ o 3 Yy 1 4 . @
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NIMuA (yellow molybdovanadophosphoric acid method) @31 TWUN TN LAAITIN HAZUUNTFIUNIHUA 11
o o ' ' a s a o 4

Taonisidaed 1 lunidesaronsananluninuazinesnasin (HNO,: HCIO, ; 3:1 viv) 1L IAR8IAT D
atomic absorption spectro-photometer (AAS) %0 Thermo ;I‘L! iCE 3000 Series 91nUszinaoiusni 1ao
Tnunan@enldMann13¥e9 atomic emission auuAaIBoNLazunTIiTeu1FHMaNN13UD atomic absorption

(Onthong & Poonpakdee, 2019)
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Y
gourunszApnsasiauuuwes 1 uazihunialulasaunanua (Kjeldahl method) (Onthong & Poonpakdee,
2019)
oaresa Tnunadey upa@euuazuunil@eunIuatesa18nIa luNIn (65% wiw) 10 Haaans

a @

figaingil 80 esruraFye aunszenfudthaanualy imbwdunsanau lundn-mesaaein (HNO,:
HCIO,; 3:1 viv) 10 fiadans dossofiguvigh 200 esrsaided aunseianlsngatudun uazsdunsanau
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mﬂﬁuﬁwmmzawﬁ"l?ffummisiaﬂiﬂﬂlhiﬁ’mﬂsmuﬁmmmmwﬁmﬁmﬁumﬁmiwﬁﬁmmmﬂuln

81941131 (Onthong & Poonpakdee, 2019)

5. Uszifivamuzsinomisluduazluamnn

Hwams sz 51915 luau vaglugmswldsaduanugsiges laemsthradins el
519015 luauaz lulueswsnnfssumeunussausigeims luauilgasawisaz lugrawisives
an1tiuidoenslulszina’lne (Kungpisdan, 2011) tagalsziliusgaunanmduduvessigemis ludunag 1y
g Tt inud dunas wiege mmnaais1ge s iifisaned M3 VE19M131 (Rubber Research

Institute of Thailand, 2007)
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= ~ ' ° a ) a A = a
MIN 1 NDY ﬂ?ﬁﬂWWMﬂ‘V\I‘I},\h uazﬂ‘%u1maummmq1uﬂummmaﬂ 0-30 ttae 30-60 FUALUAT

PH (4 EC,(dSm™) OM (gkg")
Treatment
0-30 cm 30-60 cm 0-30 cm 30-60 cm 0-30 cm 30-60 cm
R, 5.0 5.1 0.02 0.01 8.6 59
RBa 5.0 5.4 0.02 0.01 8.6 5.2
T-test ns ns ns ns ns ns
R, 5.2 5.1 0.02 0.01 16.2 9.3
RGn 5.2 5.1 0.02 0.01 15.7 9.4
T-test ns ns ns ns ns ns
R, 5.0 49 0.01 0.01 13.1 7.4
RSa 5.1 4.5 0.03 0.01 11.2 5.8
T-test ns ns ns ns ns ns

A a a4 4 19 Yo A A X
Wanewa : R, Ao nilasilgnenamsududednegInanuulasilgniisianeranis, RBa fio nilasilgn ks
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a A A 1 ' ) aa ~ 1] Y =2 a
FURE AT NYIING1INT51 1UTANVUANA A UN DA (p > 0.05) tazdiuud TivanasmuszAUANUanAY
T <3 @ = 1 =\ 9 = 3’; = ~ [ Y
pg13 lsna mlastgnanmdessawerams o Tiuveusua luTasnunwuanas TnunaFeunana 14

{ ' o A g ' ' a
ganga dauvlealesaiiiuilsg Temivounlaslgnitaswenmsiluun Idugeniudasgneamsuiune

v
v o

E4 9 H H
Tao luTasnuiauadasgluszaudmianua Weawesaniilulss Toemiveunlanlgnoramsuuderdiulng

A

tangluszaud daunastlgniiviwensmsidmIvgegluszaugs waz Tnunadennanalaaiuluajoglu

@

o A P v aw A
TEAUN lﬁﬂlﬂdﬁEl“lJL“I?IE]’U@]'lﬂJ!ﬂﬂ!"Vleiﬁ']u‘U'fNﬁﬂ'l’]Ju'J"l]EJEJ'NW'Iﬁ'l (Kungpisdan, 2011)
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ms1ei 2 Psnusige s luluewsineldmsdgniisswerawmsfiuanaenu (Aunae + SD)

Concentration (gkg')

Treatment

N P K Ca Mg
R, 26.7+09a 22£0.1b 11.7+0.5 10.9+2.2 2.7+04
RBa 265+12a 2.6+0.19 ab 12.1 £ 1.1 102+1.9 3.0+0.2
R, 24.8+0.1 ab 2.7+0.0 ab 153+1.1 8.7+1.0 24+04
RGn 219+0.5¢ 2.1+0.1b 150+1.2 85+04 25+0.2
R, 22.4+0.9bc 24£03b 12.7£2.0 129+14 2.8+0.7
RSa 23.1+0.4bc 33+04a 133+1.7 10.8 +0.7 2.8+0.1

F-test ** * ns ns ns

CV (%) 7.8 17.5 19.2 26.1 21.9

A A A A ] Y A 1 A [N
Waneme : R, Ao uaalgnenamsugudsineglndnuulacilgnivysiueranist, RBa de ulasilgnlisou

A o =) ' A U
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MINN 3 ﬂ%ll"lil!'ﬁ“{]f’]1W131uu1ﬂ1ﬂw151ﬂ181§]ﬂ15ﬂQﬂW”lﬁ'anJNW"IiTVILLGIﬂGI"Nﬂu (ARaY + SD)

Concentrations (gkg")

Treatment
N P K Ca Mg
R, 1.8+02a 0.9+0.1 20+0.4 0.06 £0.0 0.4+0.1
RBa 2.1+05a 0.7+0.1 1.9+0.0 0.05+0.0 0.5+0.1
R, 1.1+£0.1b 1.1+0.1 23+0.3 0.09 +0.0 0.5+0.0
RGn 1.2£0.1b 1.0+£0.2 1.7+0.2 0.07 £0.0 0.5+0.2
R, 1.9+0.7a 0.6+0.1 1.3+0.1 0.05+0.0 0.2+0.1
RSa 1.9+0.1a 0.7+0.1 1.5+0.5 0.06 £0.0 03+0.2
F-test * ns ns ns ns
CV (%) 26.1 29.3 30.1 45.2 58.6
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HANANNY
Composition
Nutreint Composition
Soil Leaves Latex
Soil 1
N Leaves -0.39 1
Latex 0.23 -0.12 1
Soil 1
P Leaves 0.74%* 1
Latex -0.26 -0.29 1
Soil 1
K Leaves 0.66** 1
Latex 0.12 -0.01 1
Soil 1
Ca Leaves 0.43 1
Latex -0.21 -0.30 1
Soil 1
Mg Leaves 0.26 1
Latex 0.25 0.15 1
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(Onthong & Poonpakdee, 2019)
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Abstract

The objective of this research was to study the preparation of cracker from purple yam flour that has
been dried after blanching it before drying. The viscosity of starch and development into a cracker product,

sensory acceptance, proximate composition and energy were determined. The results showed that purple yam
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flour had the highest viscosity of 91.92 +2.24 RVU and final viscosity of 113.42 +2.48 RVU. In the development
of cracker product, the third formula with 40% of the purple yam flour as a substitute for cassava starch received
the highest sensory acceptance scores for appearance, crispness, color, and overall preference. The percentage of
moisture content, carbohydrate, ash, total fats, protein and fiber of the cracker were shown at 1.73 = 0.04, 65.37 +
1.49, 12.42 £ 0.62, 17.87 £ 0.77, 2.61 + 0.32 and 1.41 + 0.47%, respectively, while its total energy value derived

was 466.39 + 0.96 kcal.

Keywords: Crackers, purple yam flour, Cassava starch
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Pasting properties (n=2)

Purple yam flour Cassava starch*

Peak viscosity (RVU) 91.92+2.24 96-138
Holding strength (RVU) 87.54 +2.06 63-84
Breakdown (RVU) 4.38+0.18 11-78
Final viscosity (RVU) 113.42+£2.48 29-133
Peak time (min) 5.37+0.05 -
Pasting temperature ('C) 82.38 £0.04 67.4-70.4
Setback (RVU) 25.88 +£0.41 18-55
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[ P VoA ‘dyd A 3 1 o A a [ =
0.18 RVU 1 setback Fuilumnusytamsaudiveutleagnwuiuduidoalinuminy 25.88 +0.41 RVU &4
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Abstract

This research studied preparation of natural rubber foam adding urea cosmetic grade for producing heel
pads prototype and further investigation a foot care treatment with 35 volunteers. It was found that the optimum
latex compound formulation consisted of CaCO, 30 phr, urea 12 phr and DPG 1.2 phr. They were blended for 15
minutes at room temperature. Density and 25% compressive stress of foam were 0.80+0.002 g/cm3 and 1.71£0.20
kPa, respectively. Moreover, an increase of urea leaded to decreasing trends of both density and stress of the
prototype products which is due mainly to a more releasing of carbon dioxide gas. The ATR-FTIR technique was
used to determine the quantity of urea by generating calibration curve in one peak and one base modes. The
prototype products were used by the volunteer for 1- 4 weeks. It was found that the urea contents slightly decreased
from 161.30 £ 16.89 mg to 133.41£11.87, 77.23+24.86, 59.21£20.56 and 26.07+8.99 mg 1 to 4 weeks usages,
respectively. The practical satisfaction tests were done with 35 volunteers who have suffered from heel broken. The
statistical analysis results combined with photos was found that the cracked heels were able to be healed after having
the treatment for 1 week and the skin have been better in the next week compared to that of using the controlled
samples without urea. This result was confirmed by the statistical analysis, 2 type relation t-test, at a level of
significance 0.05 in overall satisfaction before and after using for 4 weeks. The results found that there was no
difference (t-prob=0.173) after 1 week of treatment but there were significant differences after treating for 2, 3 and

4 weeks.

Keywords: Urea, Natural rubber latex, Rubber foam, Insole, Heel cracked
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Abstract

With modern digital technology, it is more convenient for users to distribute news on online media. Some
of them have spread a lot of fake news, which is a problem causing people to believe fake news as real news and
share it with others. Currently, there is no tool to detect fake news and interrupt the spread of Thai fake news.
Detecting fake news automatically is a difficult and challenging task due to the dynamics of the news. This research
presents a method for detecting fake news in Thai with artificial intelligence techniques based on information
retrieval, natural language processing, and machine learning. In preparing the training data, the researchers used
web crawlers to collect 53,220 samples and pre-categorize them as real, fake, and suspicious news. We balanced
the number of data samples in each group to avoid biasing. We trained machine learning models based on 10-fold
cross validation. The machine learning models used in the study were Logistic Regression (LR), K-Nearest
Neighbor (KNN), Naive Bayesian (NB), Multilayer Perceptron (MLP), Support Vector Machine (SVM), Random
Forest (RF) and Short-Term Long-Term Memory (LSTM). We compared the average performance of different
types of machine learning based on accuracy, precision, recall, and f-measure. The models found best in this study

were DT, RF, SVM, LSTM, and MLP, suitable for machine learning a fake news detection system.
Keywords: fake news, artificial intelligence, information retrieval, natural language processing, machine learning
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Abstract

Precision agriculture implementation is currently increasing in Thailand, especially in rice cultivation.
Accurate information is an essential factor in efficient rice field management. Apart from the vegetation indices,
plant height (PH) is critical for crop monitoring and yield prediction. However, field height measurements could
cause crop damage and take much time. This study utilizes the capability of an unmanned aerial vehicle (UAV) to
construct the canopy height model (CHM) remotely. The samples are collected in the tillering and booting stage
for 108 plots, representing the physical extension (e.g., rice elongation and reproduction, respectively). The CHM
of each plot is determined at 91 to 99 percentiles. The result revealed that the best linear relationship between the
CHM and field PH in both stages was found at the 99th percentile (" = 0.87 and 0.86, respectively). The RMS
error of plant height was reported 1.83 and 1.71 c¢m from the prediction (p < 0.01). This experiment authenticates
that the UAV could accurately obtain the PH without invading the field. Therefore, it is a good practice for

achieving rice physical information and preventing crop destruction.

Keywords: canopy height model, UAV, paddy field
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Abstract

The research aims to evaluate the effects of four main factors, including order picker routing policies,
storage assignment policies, warehouse sizes, and pick-list sizes, on the picking travel distance in leaf warehouses.
The simulations of all possible combinations of levels were created which the outputs from them were, then, used
as the inputs for a statistical study assessing the main and interaction effects from different factors. The result
indicated that the four-factor interaction had a statistically significant effect on the picking travel distance. The two
heuristics showed statistically significant different average travel distances. Comparing to the exact shortest routing,

the Leaf S-shape outperformed the Leaf largest-gap with optimal gaps of 18-28% and 31-37%, respectively.

Keywords: warehousing, order picking, order picker routing, storage assignment
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Abstract

This research aimed to compare the performance of the t-test and Wilcoxon rank sum test for testing the
difference between the mean values of two independent populations using counting data. The distribution
considered in this study were binomial distribution and Poisson distribution. The performance of these two tests
was compared considering the ability to control the probability of type I error and power. The results showed that
the t-test and Wilcoxon rank sum test could control the probability of type I error for all situations. In the case of
power, when sample sizes of two groups were equal, the powers of t-test and Wilcoxon rank sum test for testing
the difference between the mean values of two independent populations using counting data tended to increase
when sample sizes of two groups, effect size, and the value of parameter » increased. Considering the effect of the
ratios of sample sizes between groups toward powers, the results showed that the powers of the t-test and
Wilcoxon rank sum test became maximum when the ratio of sample sizes between groups (n;: n,) was 1: 1 except
for nl and n2 equal 10 and became minimum when the ratio of sample sizes between groups (n,: n,) was 1: 5 (or
5: 1) for both binomial and Poisson data. Moreover, the t-test which is a parametric test yielded higher powers

than the Wilcoxon rank sum test for all cases.

Keywords: t-test, Wilcoxon rank sum test, power of a test, type I error
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Abstract

The research aimed to compare the accuracy of forecasting methods for daily incoming call volume.
There were three forecasting methods that were used in the study: Box-Jenkins method with SRIMA model and
SARIMAX model, Artificial Neural Network (ANN) model and the hybrid model combining SARIMAX and
Artificial Neural Network (SARIMAX-ANN) model. The data used in this study is time series of daily incoming
call volume to call center which can be divided into 2 data sets. The first data set which was the past data from
January 2016 to December 2018 were used for selecting of the most suitable model and the second data set was
the past data from January 2019 to December 2019 for the comparison of the accuracy of forecasting model by
using Mean Absolute Percentage Error (MAPE). The results showed model with the lowest MAPE is hybrid
model of SARIMAX-ANN (MAPE = 24.02%), while the MAPE values for SARIMAX, ANN and SARIMA were
24.06%, 43.70%, and 44.97% respectively. It indicates that the hybrid model is more accurate in forecasting than
individual model. The hybrid model can be used to forecast daily incoming call volume which is supporting

information for the suitable workforce planning of customer service center in the future.

Keywords: Forecasting, Daily Incoming Call Volume, Box-Jenkins, Artificial Neural Network, Hybrid model.
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Abstract

The objective of this study is to construct the appropriate forecasting model for the export values for
sugar of Thailand via the use of statistical methods. The monthly average data, which were gathered from the
website of the Office of Agricultural Economics during January 2011 to November 2020 of 119 months were
divided into 2 datasets. The first dataset, which consisted of 114 months from January 2011 to June 2020 was
used for constructing the forecasting models via the use of 7 statistical methods, namely, Box-Jenkins method,
Holt’s exponential smoothing method, Brown’s exponential smoothing method, damped trend exponential
smoothing method, simple seasonal exponential smoothing method, Winters’ additive exponential smoothing
method, and Winters’ multiplicative exponential smoothing method. The second dataset, which consisted of 5
months from July to November 2020 was used for comparing the accuracy of the forecasting model via the lowest
root mean square error. The results indicated that the most accurate method was Winters’ multiplicative

exponential smoothing method, followed by Brown’s exponential smoothing method.
Keywords: Sugar, Box-Jenkins, Exponential Smoothing, Root Mean Square Error
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Abstract

The main objective of this paper is to approximate the Average Run Length (ARL) of Cumulative Sum
(CUSUM) control chart for a Seasonal Autoregressive with exogenous variable model; SARX(P,1),with Exponential
white noise using the Numerical Integral Equation (NIE) method including Simpson rule, Midpoint rule, Trapezoidal
rule and Gauss-Legendre Quadrature rule. The control chart’s performance are measured by Average Run Length
(ARL) when the process is out of control by comparing the ARL values obtained from the four NIE methods and
comparing the central processing unit processing time (CPU Times). The results show that the ARL value obtained
from the NIE methods by Simpson rule, Midpoint rule, Trapezoidal rule and Gaussian rule methods are not

difference. While, the processing time by the Midpoint rule method was the lowest among the four methods.

Keywords : Average Run Length, Cumulative Sum Control Chart, Numerical Integral Equations, Seasonal
Autoregressive with Exogenous Variable
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(CPU Times) 91014 4 35 lumsfnyiasail 14115105y Mathematica Tumsilssuiana

UAHNNAIVAN CUSUM S H5TUAMUY SARX(P,1),

Y i1 i1
dyutivzainaueurug iUy CUSUM Yol SARX(P, 1), oA innunaianaouiinisuania
4
o w v J a
HUVRVFMAY tazaumMIs NUFUoWNUTAILAN CUSUM

o Y o =) o cg’
mvualdauuy SARX(P,1), ugﬂaumi ORI

Yo = BXe +p+ AV ot dpYipL té (M
Taon X, unu dgulsmeuon o aunal ¢

Y, unu andune o auna ¢

1 a o (3
£ unu Mwiimesvesduilinieuen

J a s a
LMY AWISINNBIVRINIZTUIUMITHAA

4 1

¢ unu mdulszansvesmsannesludumuuiiggmaiio|g| <1; i=12,...,P

' A A P
& UNU MANNADIAAAOUNTNTUINUIIUDIAYFAIA



The Journal of Applied Science Vol. 21 No. 1 [2022]: 246470
NsRFINeEdaslssene doi: 10.14416/j.appsci.2022.01.018

9
fmualdmadaveswmuginaugu CUSUM nanaaldasil

C,=max(C_,+¢ —4a,0), t=12,.. @

{ o v (5 1 {Q a 1w @
Tagh & unu dravvesdnlsguiiludaszaenuuazinmsuenusariiouny
" A 9 1 an 1 "W
C, UNU ANTHAUYRIAIADA CUSUM TAumAy U
Cy a4 d
a  Unu A19NNeY (AAIN)

fmuald 7, unu munmiumuginugudsdyanaieniinszuiumseenuenmsnIUau
=inf{t>0;C,>b}, b>u, 3)

Tagh b unu IATAAAIVANVUVBINUNNAIVAN CUSUM

AmualdaumsSnus Hu) = ARL=E_(z,) <oc unua1 ARL vedunugiiaiugy CUSUM 1o

v
Yo A

° v ' o { A
ﬂ"lﬁuﬂslﬁ} ue [O,b] ﬁiJﬂ"li‘lﬁ‘wu'ﬁ"llﬂﬂﬂWl’ﬂﬂJﬂT?iuLﬂaﬂﬂJ@QLLWHQNﬂ’JUﬂM CUSUM llﬂﬂ\i‘l!

H(u)=1+E,| 1{0<C, <b}H(C,)| +P.{C, =0} H(0) @
aumsiwus H (u) veauruginaugu CUSUM uaas 14| fail

H (U) :1+ae“(u*a*‘ﬂ'*/fxt+¢1Y17L+-~+¢Pypm) H (y) D!Ydy+(l e a(a-u-p=pX~hy L~ ¢PYFPL))H (0) (5)

oct—.c

(Y ! a a\ v dAa o
MANNENSHRGsve W HATIAIUYN CUSUM lagisaumsiSiusimadaay
Y 1
Tuaidseil fiseauluivgshmsnSeuieuanlseuna lasldismsseina 435 1dun Bngduildu
(Simpson Rule) 33 nA N1 (Midpoint Rule) 35 ng) #Mae1A194Y (Trapezoidal Rule) 11235 NN 1d (Gaussian
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Y
wenvnil lauaasmsnSeuifiount ARL, VOWWNUYNAIVAN CUSUM dHTUAMUY SARX(1,1), AU

SARX(2,1), Hagduuy SARX(3,1), awawy iofvualial ARL,= 370 Asn i 1 uaziinauenans

aBeuieunailflumslszuiana (CPU Time) YBIHUYTAIUAY CUSUM Y0311 SARX(1,1), A1
SARX(2,1), az@Muy SARX(3,1), ANE1AU Tao3saumsiiutiFaimuna 4 33 o muam ARL,=370
panaFan N 2

MR 1 ﬂ'wmmmﬁumﬁﬂﬂlmuwuqﬁmumJ CUSUM dm$ufaiu SARX(1,1), iilefmualdl ARL= 370,

a=25uaz b=3.976

Numerical Integration Equation

0 Midpoint Rule Simpson Rule Trapezoidal Rule Gaussian Rule
0.00 370.000 370.000 370.000 370.000
(11.68)* (106.03) (13.11) (13.46)
1.50 7917 7.891 7.963 8.025
(12.66) (89.56) (12.49) (12.95)
1.60 7.262 7.240 7.300 7.351
(12.05) (106.48) (12.55) (13.35)
1.70 6.709 6.691 6.741 6.784
(11.85) (101.86) (12.97) (13.16)
1.80 6.237 6.222 6.264 6.300
(11.87) (102.87) (13.05) (13.72)
1.90 5.831 5.818 5.855 5.885
(11.96) (96.43) (14.45) (13.72)
2.00 5.479 5.468 5.499 5.526
(11.66) (89.07) (13.19) (13.24)
2.10 5.171 5.161 5.189 5.211
(11.65) (86.16) (12.86) (13.62)
2.20 4.899 4.891 4915 4.935
(12.30) (85.19) (13.39) (13.47)
2.30 4.659 4.652 4.673 4.691
(11.91) (93.52) (13.37) (13.83)
2.40 4.448 4.438 4.457 4473
(12.89) (107.16) (13.20) (13.09)
2.50 4.253 4.247 4.264 4.278
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(12.57) (106.71) (13.44) (13.91)
3.00 3.533 3.530 3.540 3.548
(12.38) (102.98) (12.96) (13.07)

@ A 4 <3 T =
* aauog 1 AT eINLEINAD MBS CPU Times (WHIY: U1TH)

M1 2 AINNWETITURDEVELNUYEAILYAY CUSUM dmsuduu SARX(1,1), iefmuali ARL= 500,

a=25uaz b=4326

Numerical Integration Equation

0 Midpoint Rule Simpson Rule Trapezoidal Rule Gaussian Rule

0.00 500.000 500.000 500.000 500.000
11.77)* (102.50) (12.79) (13.01)

1.50 8.541 8.508 8.607 8.698
(10.34) (86.93) (13.09) (13.19)

1.60 7.809 7.782 7.864 7.938
(12.73) (91.72) (13.05) (13.49)

1.70 7.194 7.172 7.239 7.301
(11.85) (112.65) (12.63) (13.55)

1.80 6.672 6.653 6.710 6.762
(11.78) (92.56) (12.48) (13.63)

1.90 6.224 6.208 6.256 6.300
(11.66) (96.31) (12.72) (13.44)

2.00 5.836 5.823 5.864 5.902
(9.89) (110.71) (12.74) (13.46)

2.10 5.498 5.486 5.522 5.555
9.97) (90.44) (10.68) (13.05)

2.20 5.201 5.191 5.222 5.250
(10.58) (106.60) (11.42) (13.67)

2.30 4.939 4.929 4.957 4.981
(10.06) (88.81) (13.39) (13.14)

2.40 4.705 4.698 4.721 4.728
(10.44) (92.63) (13.05) (13.08)

2.50 4.496 4.486 4510 4.529
(10.26) (93.37) (13.11) (13.98)
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3.00 3.716 3.711 3.724 3.736
(10.33) (84.84) (11.49) (12.54)

@ A A <3 = . ' a
* mmﬂlmgiumiawmm&mu 11803 CPU Times (VUIY: UIN)

M319d 3 ARUESURABYBINUYTAIYAY CUSUM dmSUAIMUY SARX(2,1), ioimuald ARL =370,

a =25uaz b=4.151

Numerical Integration Equation

0 Midpoint Rule Simpson Rule Trapezoidal Rule Gaussian Rule
0.00 370.000 370.000 370.000 370.000
(12.51)* (91.36) (13.69) (13.09)
1.50 7.714 7.688 7.768 7.841
(12.72) (225.78) (13.87) (13.52)
1.60 7.087 7.065 7.134 7.192
(13.07) (222.78) (13.64) (14.36)
1.70 6.557 6.539 6.595 6.645
(13.02) (223.05) (13.93) (14.04)
1.80 6.105 6.089 6.137 6.179
(13.11) (221.70) (13.82) (14.31)
1.90 5.716 5.703 5.743 5.779
(13.02) (186.91) (13.56) (14.45)
2.00 5.378 5.366 5.401 5.432
(13.17) (187.22) (14.11) (13.59)
2.10 5.082 5.072 5.102 5.129
(13.37) (187.87) (13.69) (14.58)
2.20 4.821 4.812 4.839 4.862
(13.14) (201.85) (15.30) (14.98)
2.30 4.590 4.582 4.605 4.626
(13.30) (224.12) (14.30) (14.66)
2.40 4383 4.376 4.397 4415
(12.97) (194.83) (14.20) (14.56)
2.50 4.198 4.191 4.209 4.226
(12.55) (193.65) (13.70) (14.21)
3.00 3.501 3.498 3.508 3.518
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(12.30) (192.95) (13.30) (14.28)
* @auiiog lun3eaMieIuAY ¥iede CPU Times (M20: u1i)

M9 4 AIANWENTURDEVELNUEAIYAY CUSUM d M5 UL SARX(2,1), Hermiuali ARL= 500,

a=25uaz b= 4515

Numerical Integration Equation

0 Midpoint Rule Simpson Rule Trapezoidal Rule Gaussian Rule
0.00 500.000 500.000 500.000 500.000
(12.82)* (116.93) (14.67) (14.37)
1.50 8.271 8.238 8.348 8.456
(10.90) (101.13) (14.01) (14.47)
1.60 7.579 7.551 7.641 7.729
(12.33) (98.48) (14.13) (14.57)
1.70 6.996 6.973 7.047 7.121
(11.93) (115.16) (14.10) (15.49)
1.80 6.500 6.481 6.543 6.605
(12.23) (116.28) (13.84) (14.91)
1.90 6.074 6.058 6.112 6.163
(11.36) (95.36) (14.46) (14.22)
2.00 5.706 5.691 5.737 5.781
(10.97) (109.17) (14.10) (13.66)
2.10 5.386 5.371 5411 5.449
(12.32) (101.07) (14.22) (13.67)
2.20 5.100 5.089 5.124 5.157
(13.18) (96.67) (13.94) (14.24)
2.30 4.850 4.840 4.871 4.899
(12.84) (92.15) (13.72) (14.97)
2.40 4.626 4.618 4.644 4.641
(13.29) (95.58) (13.81) (14.41)
2.50 4.426 4418 4.442 4.464
(13.03) (97.10) (13.68) (14.27)
3.00 3.676 3.671 3.686 3.698

-12 -



The Journal of Applied Science Vol. 21 No. 1 [2022]: 246470
NsRFINeEaaslssane doi: 10.14416/j.appsci.2022.01.018

(12.75) (116.36) (13.58) (13.70)
* duaviioglunieaMINgIuan NuNee CPU Times (M120: WIH)

M31IN 5 AINNWETITURDEVOLNUYNAIYAY CUSUM dmSuduun SARX(3,1), iefmiuali ARL =370,

a =25uaz bh=4349

Numerical Integration Equation

0 Midpoint Rule Simpson Rule Trapezoidal Rule Gaussian Rule
0.00 370.000 370.000 370.000 370.000
(12.41)* (127.54) (14.00) (13.36)
1.50 7.485 7.458 7.548 7.636
(13.61) (111.12) (14.87) (15.21)
1.60 6.891 6.869 6.943 7.016
(12.84) (108.04) (14.94) (15.44)
1.70 6.389 6.371 6.432 6.493
(13.90) (119.34) (15.11) (15.54)
1.80 5.960 5.944 5.997 6.048
(12.78) (114.71) (14.78) (15.04)
1.90 5.590 5.577 5.621 5.665
(13.14) (119.63) (15.02) (15.34)
2.00 5.269 5.257 5.295 5.332
(13.14) (117.55) (14.99) (14.73)
2.10 4.986 4.976 5.010 5.042
(12.83) (110.66) (15.60) (14.57)
2.20 4.737 4.728 4.758 4.786
(12.21) (100.17) (14.75) (14.48)
2.30 4.516 4.508 4.534 4.559
(12.39) (118.67) (14.91) (14.91)
2.40 4318 4311 4334 4.355
(12.79) (124.63) (15.21) (14.95)
2.50 4.141 4.134 4.155 4.174
(12.77) (120.35) (14.55) (14.84)
3.00 3.471 3.467 3.459 3.491
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(12.43) (122.52) (14.95) (14.29)
* duaviioglunieaMINgIuan NI CPU Times (M120: WIH)

M1 6 AINNUVENITURDEVOILNUYTAIYAY CUSUM dmSudtun SARX(3,1), Hermuali ARL =500,

a=25uaz b=4.731

Numerical Integration Equation

0 Midpoint Rule Simpson Rule Trapezoidal Rule Gaussian Rule
0.00 500.000 500.000 500.000 500.000
(13.09) (121.94) (15.04) (15.94)*
1.50 7.951 7.921 8.044 8.175
(12.09) (116.53) (13.55) (14.94)
1.60 7.309 7.281 7.382 7.488
(13.08) (119.09) (13.02) (14.30)
1.70 6.765 6.742 6.826 6.914
(13.33) (100.20) (13.26) (14.55)
1.80 6.302 6.283 6.353 6.426
(12.91) (111.15) (13.87) (15.11)
1.90 5.904 5.887 5.947 6.009
(12.23) (121.85) (13.75) (15.12)
2.00 5.558 5.543 5.595 5.647
(12.99) (124.02) (15.32) (15.06)
2.10 5.255 5.242 5.287 5.332
(12.09) (122.54) (14.44) (15.07)
2.20 4.988 4.977 5.016 5.055
(12.46) (103.13) (14.71) (14.60)
2.30 4.751 4.741 4.776 4.810
(12.56) (118.11) (14.03) (15.36)
2.40 4.540 4.531 4.561 4.591
(12.22) (114.60) (14.08) (15.38)
2.50 4.350 4.342 4.369 4.396
(12.18) (116.21) (14.12) (15.64)
3.00 3.636 3.631 3.647 3.662
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(12.84) (108.27) (13.84) (15.88)
* duaviioglunieaMINgIuan NI CPU Times (M120: WIH)

L o
AU SARX(L,1), AIVY SARX(2,1),
—+—Midpoint Simpson Trapizoidal Gaussian —+—Midpoint Simpson Trapizoidal Gaussian
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Abstract

The objectives of this research are to study the movement and construct the most suitable forecasting
model for the monthly condoms export volumes of Thailand on the COVID-19 situation. The data in this study
gathered from the Thai Customs that recorded in monthly during January 2015 to March 2021 a total of 75 months.
Then the data were classified into two sets. The training data set, January 2015 to December 2019, for 60 months
were used to construct model by Decomposition, Holt-Winters Exponential Smoothing, Box-Jenkins and Combined
method. The test data set, January 2020 to March 2021, a total of 15 months were used to compare forecasting
accuracy model the earlier three models via the criteria of Root Mean Square Error (RMSE) and Mean Absolute
Percentage Error (MAPE). Research results indicated that the combined forecasting method where the weighted are
using a regression analysis method has given the lowest RMSE and MAPE, therefore this method is the most suitable

method of monthly export condoms quantity. The forecasting model is:

YC, =—-10,200+0.584Y,, +0.597Y,, —0.198Y,, , where Y,,,Y,

. 0 Y, and \?3[ represent the single forecast at time

t from Decomposition, Holt-Winters Exponential Smoothing and Box-Jenkins method, respectively.

Keywords: Decomposition Holt-Winters, Exponential Smoothing, Box-Jenkins, Root Mean Square, Error Mean,

Absolute Percentage Error
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Abstract

The purpose of this research was to construct model for predicting the price of Jasmine Paddy price. Data
used to study the average monthly price of jasmine rice from january 2010 to december 2020, 132 values, divided
into two sets. The first set from January 2010 to December 2019, 120 values were used for the modeling by of box
jenkins method, bagging and random forest. Another set from january 2020 to december 2020, 12 values were used
for checking the accuracy of the forecasting models via the determination of the lowest root mean square error and
mean absolute percentage error. The results showed that all forecasting methods studied, the random forest was the

most appropriate method.

Keywords: forecast, box-jenkins, random forest, bagging
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