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History and Development of the Modern World
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Laws in Daily Life
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Designing Your Life with Science
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0001209 HUsznaun1sealnl 3(3-0-6)
Modern Entrepreneurs
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Smart Life in the Digital Age
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Innovation for New Generation
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Feng Shui in Daily Life
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0001213 NITWAUIYATNNINAIB WYY 3(3-0-6)
Fashion Personality Development
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Digital Citizenship
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Creative Thinking
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Principles of Mathematics
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Calculus |
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Introduction to Science for Data Science
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Introduction to Data Science
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Linear Algebra for Data Science
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Calculus I
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Discrete Mathematics
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Introduction to Probability
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Introduction to Data Analysis and Visualization
2aAUsENOUAMTINTEIFUL LAz USELN DI TaYa InTasiladmTunis
Jowssendaya nsldlusunsudndagudmsunisinauedoya way nalianisunauedoyaly

gULLUUﬁm 9 TUsunsu PowerBl, R, Excel, Tableau, MATLAB, uag Python



(1AB.2) BN 36

AU YouarA1asUIEIIEIUM idgin (UssEne-UfuR-Anwriienueq)

4111401 AsuTIUSIKaENTIanstayanisadacn e 3(2-2-5)
Melusinsunauianes
Statistical Data Collection and Management with
Computer Programming Language
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Introduction to Mathematical Modeling
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Basic Tools for Data Science
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Ordinary Differential Equations
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Optimization Methods
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Seminar in Data Science
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Independent Study in Data Science
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Probability Theories
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4112401 AnAATIZRRMTUININ1TToya 3(2-2-5)
Statistical Analysis for Data Science
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Object Oriented Programming
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Programming for Data Science
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Data Structure
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Database System and Design
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Machine Learning
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Principle of Accounting
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Economics of Money and Investment in Digital Economy
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4093606 Tasednauszaiisy 3(2-2-5)
Neural Networks
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Numerical Analysis
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Theory of Statistics
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Applied Multivariate Analysis
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Non-Parametric Statistics for Data Science
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Time Series Analysis for Data Science
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Bayesian Learning for Data Science
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Sampling Techniques
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4123608 MYINIYYANITIINY AL VT THUNA 3(2-2-5)
Biological Data Science and Bioinformatics
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Data Mining
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Big Data
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Web Application Development for Machine Learning Models
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Mobile Application Development for Machine Learning Model
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Internet of Things
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Application Development for Machine Learning Models
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Application Development on Cloud
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Split Variational Inclusion and Fixed Point Problem for

Asymptotically Nonexpansive Semigroup in Hilbert
Spaces

issara inchan
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Abstract The main objective of the pupe & Lo introdoced Lhe iteratme methad for the splil vwriational
mclusion and wrymplotically noseszansive senigroups in Hilbert spurs. We windy Abe arntive schane
und prove the stroeg coowergmos to & commun mluticn of the spit varistionsl inclusion and the et of
m this paper mapeowed the result of Wen and Chen jD1. Wen, YA, Chen, llerstive methods for spin
wwrational indusinn and fized point geoblem of nonexpaneive semgroup @ Hilbert speces, Journal of
Inogualitics wnd A pplications (2015)], and muny suthors

MSC: 48CT0; 4TDCY; 4THDD; 4THIC; ATH2O

Submiscon date 12082020 | Acepiancs date: 27.08.20120

1. INTRODUCTION

Let H be a real Hilbert Space, C a nonempty closed convex subset of . Recall that
a selfl-mapping f of C = a contraction if || f(z) — f(y)] =< alx — y|| for scme a € (0,1)
and a selfmapping T of C is n nooexpansive if |Tx—Ty] < ||lz—y) forall 2,y € C
and T' is un nsymptotically nonexpansive | | if there exists a sequence [k, ) € [1,00) with
limg ook = 1 vuch that Tz —T || < kux—pl fralln > land z,p € C. A
paizt = € C s = fixed pomt of T provided Tz = r. Demote by Fix(T') the set of fixed
points of T'; that is, Fix{T) = {z € C:Txr = x}. Let A : H; = H, be n mapping
then A® : Hy — H, is an ndjoint operator of A if and caly if (A'y,x) = (p,Az) for
e Hyye Hy

ecall also that a one-parameter fumily T = [T'(¢) : 1} < ¢ «< oo} of seif-mappings of
2 nonempty closed eanvex subset C of a Hilbert apace H i said to be a (continnous)
Lipschitian semigroup on C (see [[]) if the following conditions are satisfied:

Publishad by The Mathemstiond Asocation of Thaland.
Copyright (5 2020 by TIM. All rights resscvnd.
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Latent Cognizance: What Machine Really Learns
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ABSTRACT This cxtended capability can be referred 10 a5 an open-set

Despite overwhelming achicvements in recogaition accuracy,
extending sn open-sct capability—ability o identifv when the
question iy onl of scope— ins greatly challenging m 2
scalable machine lcaming inferenee. A recont resparch has

capability —being able to idemufy that an instance s out of & pro.
defined seape The apen-set upnblllw ins highly challeng %
espevially in & scalable macki 1 infe This 1ssue 15
actively  studied wiler  sarous  fenns.  notably  opem-set

gaition[4] and novelty detection]S]. Despite slightly differant

discovered Latent Cognizance {LC)—an ivngn ana It
mechanism basod on 3 new probabilistic imapreatian, Baycsin
theorem, and an analysis of an intcrmal sructsre of a commoaly-
wsedd revopnition inference stoctwe. The new  mesmpeetation
coplesizes a lalent assumpion of an averfooked probubilistx
canditwn on a learned mference myodel. Viability of LC kas been
shown on a sk of siga language cecogninion, bat its poteatial and
umplication can reach far beyoad o specific domatn and can move
object recognition toward a scalable open-set recagnition.

However, LC mow  probabilistic inerpretution bes not been
directly  duvestipsted.  This  article  mvestigetes  the  new
interpretation under & truceable contest, Chr findings suppart the
ratiopale on which LC is based and reveal o hiddsn mechenism

definitions, e common goal & an usswer to how w ke a
learning nsschine abde so sdentily whether the instance il seeuwg 15
of a new class—the input does not belong 1o any of the trned
dnsscs Although this comes naturally for h.un)m. 1t is hughly
lenging for 2 scalable machine infl One pessibt
approach is & leslure-representalion appmad\[o] It = Grstly w0
g he pul W 4 set ol represenlmive Ralures, Then, s
coordimutes in the featare space can Iv compared isgainst
coordinates of the known classes in order to sdentify novelty of
the inpat. Since novelty is measured through somne schome of
distance measuremnenit. this can abao be refomed 0 a8 a distance-
bosed approach. However, this distance-based  spproech can
severcly suffer a scalabificy issue. s shortcomimy is attibuated to

underlying the kearning classification inlerence. Tlee camils
of these lindings could el 10 a simple vet elTeclive solution Lo an
apen-set recognition

CCS Concepts
+« Mathematies of computing—Probability and statistics—
Prohabilistic representations

Keywords

Latent cogmi

5 opensset rocag)

1. INTRODUCTION

Despite numerous impressive results] 1-3] in object recognibon
uad capability of o thas can reach showsands of
calegonies, Ihls SCCEss 13 far from a practicat vbpect recognition in
the wild Tn the wild, thore are many more caleguncs and sub-
categaries than any training process could incomorate and new
objeot catcgnrivs are also emergivg. A peactical ahject recognition
o the wild must have a Be-long Jcammg capahihty that at dease
cun wenhfy when the instance under question 6 of i new cless,

Pemwission 1o mske dipital o bard copics of all ar par of dhis verk for
personul ar classrooin use |5 grimted wishont fee provided s copees ine
a0t made or Enstributed for profit o comearcial advantage sod 1l
cupaey bear thix notiee o4 the full citition on tee fiest page, Copyraghts
or cumpunents of ths work owned by oebers thun the wuthoe s) must be
onored. Abstmcting with crodi is pomited. To copy otheruise. o
vepublish. (0 post on servers or o redistibote o lks, yequires poee
apecific  pemsssion  andior o fee,  Regquest  parmissions  from
Tentmsivasivacin o,
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its requirement for sy extensive search Thut is, 1o nlum!y lhc
input povelty, the inpot coord hus to be
either all trsined duta or all represestutives of the trumed duu
This peuctice s compumtionally  expessive  under  open-set
recogaition. Another actively mvestigated approach|4, 8, 9) takes
alvantage of an available well-trained conventinal classifiers and
tries to deduce necessary mformation from the trainexd inference
stracture, Among these, Lateat Cognisance] 9] (L) starwds out for
ils ssmplicay, minimal requirement of an exirn mechanism, and
the macianale behind its development. LC reinserprets o widely-
used softmay soucture and derives a solution based on ns
interpretation, Although ic has bu.n ;Lw.lumi for and a:\almln.d
on a specific d in of asign | ition, the |
and developiment ase general. If a munualc hhmd LC is venfied,
oot paly will LC be o promising selution for an open-set
capnhllny it also shimes o light on m of a k
machine and alkows better understanding of the lmduiym;,
ProCes
This orticle dircety myvestigates the LC imterprotation. under a
controlksl und tryceuble context Unlike [91 whose end resuls
melinectly support the emiore stuck of LO solution, this stedy
focuses oo LC imterpretation—the key umd the sturting pomt of the
— und evuluutes it direetly with msceable probubilines. Owr
fincings will provide o direct exsmuantion of LC mterpretutson
wnd provide u profound esight o 2 keaming  inechunism
underying the current state-of-the-ant inference machine.

2. BACKGROUND

An inference machme bas been widely nsed in nwdtiple
spplivation demxins{9-20]. An inference machine cin be simply
conveived as a funchion / mapping an inpel x (W an onlput v. That
ix frxwe y, where ¥, v, and o mechanism to find their muppuq.
depends on teks acd partscular ap hes A dearning

Ly



ases o muclet 1 v Whose muppeng behavior 1s governed by
vilues ot its ponueneters w, Therefore, instead of seurching for o
mapping function direetly, 1t scarches valses of w for the highest
worrespomding objestive, 4., W' = argmaz,, (5, D). where £,
ts & model fimction with a parameter set w, Cis an objective or
likelibood function, D —often called training daa—is 2 set of
representstive exampdes. When there are examples of both mput
and  ouwput,  training  dat is fully  supervised:
D= {(vy Yl lner, e Where N e o number of examples. ofien
called data size. When yg's are oot available, wraming dala s

(uAB.2) %1 91

with & few examples (of cven onc cxample) of 4 new concept,
while svordimg catastrophne  forgetting—event that a keaming
mechine loses ite prediction ahility of previously leamned
eaamples, after 11 Las been wrained with aawly acquired examples.
[22] relate ope-shot leaming 10 notions of meta<lesrmng and
learming 1o leam, Tts approaches are olten resorted 1o o dedicaled
memary of an ability 10 augm\ml 1|s resources, Inkluding
B00essing 10 un exira v or i ing 8 new 7

model, Similar 10 zero-shot larnmg in otdef 10 rvcogmu a nc\s’
coneept, @ distance-based  approsch, cg., cosine  similanty

msupervissd: D= {(x,)0),-0 0 . Whereas, ."

L ocan beoused. In addition, qualty of the recegnition
s also actively stadicd Notably, [23] have shown

Iumuu[ lll (RL) s clmrucnenz:d hy s intersnion b ity
behavios b e mc
data @t sees: wy 'UU..,,.,.L Do) s @ =7(f,. Do) 3

Dyyy = E(Dy g, €), when wy i a st of parimcter valocs al lxmc
ti0is ap uplite soh L is Rellman objective
function; D, is & data observalion ot tume £, ¥ is an wmieracion
policy of on RL ageos; £, & an iotermal inference of the RL agent
Wl eng £ Ay s an imteraction that an RL agent lakes at time ¢ § i
a system dvaamic, and € i5 o system ancertaiary factor.

Classilication. Most recognibon tasks are frumed as o supery ised
teaming class mferenee, ¢, prodicting a class label & for a given
ustanve X, where o cluss lubel is chosen from a set of’ pre-defined
or seen Classes; & € (1, K} Foe K being o number of Clusses,

w r«m;nllm Formulating o recognition problem o have
a pee-delimed et of allows efficient opcimization and
contributes %o accurae vecognition, Howewer, this leads 1o an

adversanal cxamples such thar & small perurbation in an mput
hurdly pcncwcd by huiwn can lead w0 w bugely different

result. Subsequently, miversurinl exomples have been
mhcr incorporated into tmmmg provess to inpeove inferenee
quality o¢ used 1o evaluste the robustness of the clhssification|24].
Closely related w the guality of infereace, meta-classification[S)
anit similar concepts[9, 18] adidress a problem of quantifying an
uncertainty or a4 degree of confidence i the prediction. Despite
being inter-refated and extansively studied, dentifying an mstance
af a new calegory iy @ greal challenge, especially when the
scalability cownts,

2.1 Re-examining Classification Mechanism
One of e most conmsonly-used  classilication  approsches
exploits an mierence model with a softmax strocture. Sofimax
clussifier formulstes X -class prediction to be A-bit coding, ulso
Anown as one-hot or one-ofK coding: »;: € [01)i=1,. K
ied on Jy vy = 1. The predicted class is the &' Jabel

emmnent faw, especially m object recognition where ber of
categanes 35 large and growing. Open-sct recogminion[d] 15 a
rescarch arce trymg o address this issie, That i to find mappmg
{2y, where y € {0,1,....K). The sdditiona] label, ie., y = 0,
mdicates that x s of an wseen catcgory, While thiy open-sct
capability—identifying an instance of an upscen category— s
cloacly related 1o novelty amd anomaly detoctkmi S|, an catire
pictuee of an opervsct recognition whose other aspeets incinde
classificution of o large ser of labels poses @ seriovs <culability
ssue on common upproiches iz novelty amd sncamly detection.

Addressing o similar concen, but taking o different route, zero-
shot leaming[6, 7] focuses on mapping an mstance under queston
W u closs, enber with or without i Label. It & wmmnlv resored
to teatunsvector rep Instend of mupping an i 1o
o cluss Inbel as in classificaion, zeroshot leaming foousss on
f:x—v . where fepture wvector veE R deworibes  class
characteristics. rather tham a label. A namber of fearures M
describes multi-aspect charactenstics of x andd o is wanlly Luge
Therefore, zers-shot bearning represeats & class a5 an abstrace
vector of amribuses This relaxation allows aero-shot learning
ability W classify an instance of 3 new class To ilusirule the
difference, for example, given an image of o dog an open-set
recognition may predict & label “dog™, while & zero-shot Jearning
machine may ;m.-th:t a feature vector repeesenting @ concept of &
dog without any definitive label, A working zero-shot eamning
sy prodoce vutput, like [1,0,1, ... | for attrtbutes of being a ving
arganism, pot an squtic animal, 8 domestic pet, eic. When given
an image of a platypus. which is 0ot in the trammg ser, a working
open-ga recognition bopefully will flag this (mage as being
novelly, while a zero-shol leaming machine may produce a
representation vector comesponding (o aguatic, egg-iaying, duck-
bill, ete. Zero-shot  laming  thas 15 clasely  related 10
representation leaming[21], Related bt concerming a dilTerent
tssue, one-shot leamning mainly facuses on the issue of leaming

whuse value is the highest ane. This spproech hus been proven to
be very effective amd has brought greor achievenxnts across
numerows application domaing, 2] Given inpat 2. softmax
aupait is ealenlased xs follows:

explay )

o )

where a,{x)'s are inference computstions prive (o the sofimux
calculation, These a;(x)"s are olien collectively referred Lo as
penltimate ouipur. This seftmox mechanism  regubaes that
Thos ¥ = 1and makes v, 's agree wilh probabilistic properties.
Theseture, each vy is conventionally interpresed as o probability
dhat the given inpul x belonga Lo class k. Lo, yi = ply = k|x).

2.2 Latent Cogunizance

Observed that values of the softmax oulput were mcaningiess
when an wapat did not beloag to any of the tmned clisses—this
situation could be referred 1o as belonging o an unseen class or
being wascen, [9)] reinterpres the softnsax owtput as o probabilay
that the given scen input 2 bolongs o class &, e,

¥i = ply = klxs), )

where 5 i the meth question, 3.2, input x belongs
10 one of the seen classes—the clasacs used in the raining process.
This mlerpretation emphasizes the condilion s, which was tahen
for muned wd lagely ovedooked. The comdition s ruises
wwireess 00 the un-stuted sxhsiverxss mssumption thut the
training prepares the inference for only pre-defined categocies and
explaing why values of ¥, ‘s seem meaningless when x is unseen.
Given ¥, = p(y = klx,s) and Bayesion Theorem, the softmax
aiput:

Jicat

v=Nex
=ply = klx,5) = -L-—i‘-z”,,,,,

Coafernng 1o {1} uad {31 the rebation is fouxl:

K]
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Bayesian confidence intervals for variance of
delta-lognormal distribution with an application

to rainfall dispersion

PATCHAREE MANEERAT*, SUPARAT NIWITPONG!,
AND SA-AAT NIwITPONGH

For climate studies in agriculture. rainfall records often
involve data which contain zeros and highly non-zero skew-
ness. This is mostly used in models for prediction or that
use the mean for approximation. Rainfall dispersion is also
important in evaluations as it can vary enormously. and it is
a natural phenomenon which can lead to drought or flood.
Herein. the goal of this paper is to propose a variational
approximation computed with interval estimator based on
Bayesian approach for delta-lognormal variance consisting of
the highest posterior density interval based on vague prior
(HPD-V) and the method of variance estimates recovery
{MOVER). By way of comparison, the performances of these
intervals were evaluated in terms of coverage probability and
relative average length via a Monte Carlo sinulation. The
numerical results show that HPD-V was much more likely
to outperform the other methods in many situations even

mostly covered by mountains and forest, and is the origin
of many streams and rivers in Thailand.

In 2010, northern Thailand was one of the regions faced
with the worst drought in the past 20 vears and its impact
significantly led to a severe reduction in the rainfall amount
around the Mekong river (a principal river system in Thai-
land) [28]. with researchers believing that this conld well
be due to climate change [48]. Conversely, Thailand is also
prone to heavy rains and flooding due to the influence of the
southwest and northeast monsoon winds [11). Indeed, 12.8
million Thai people were subjected to widespread flooding
in 2011, which also damaged around 16,668.55 km? of agri-
cultural land [34). The worst impact of this was in north-
ern Thailand where flash flooding often occurs in the early
rainy season [47]. In 2018, landslides during the rainy season
{mid-May to mid-October) that occurred in Nan province
(located in northern region) was due to heavy rainfall for
around two weeks; there were even victims living in the

large variance, although MOVER became the rec ded
method when both of variance and the probability of having
zero were small. Our methods were then be utilized to an-
alyze the variability in Nan province's daily rainfall dataset
in a comparison with the other methods.

KEYWORDS AND PHRASES: Agriculture. Bayesian approach,
MOVER. Natural rainfall. Vague prior. Variance.

1. INTRODUCTION AND MOTIVATION

Thailand is a highly agricultural country and natural
rainfall is a major factor for crop farming. Rice is the coun-
try's most important crop, with some 60% of Thailand’s 13
million farmers growing it on cultivated land (3], and it is ex-
pected that rice production will increased to approximately
21.2 million metric tons in the market year 20182019 [30].
Northern Thailand, one of the six geographical regions in
the country and produces a great deal of the main agricul-
tural crops, such as rice, fruit. vegetables, and so on. It is

*ORCID: 0000-0003-2145-9657.
TORCID: 0000-03-30501151.
FORCID: D000-0001-8260-3397.
§Corresponding author.

areas [22].

Duangdai and Likasiri [16] argued that natural disasters
such as droughts and floods are the result of severe ran-
fall oscillation and ineffectual or nnsuccessful water man-
T These pl can have profound effects on
agriculture and can lead to signifi loss of life. d to
buildings and other infrastructure. Needless to say. if varia-
tion resulting in too little or too much rainfall are known in
advance, this information conld be advantageons to the Thai
government to manage the occurrence of natural disasters
and mitigate their effects. With this in mind. we consider
rainfall ascillation in Nan province measured in terms of the
variance to estimate changes in rainfall amount based on his-
torical data. A histogram, Q-() plot and Akaike information
criteria (AIC). see an empirical application. results revealed
that the daily rainfall data for Nan in northern Thailand
during rainy season fit a delta-lognormal distribution

It is widely known that lognormal is the distribution of
positive skewness depending on the variance in the prob-
ability theory e.g. [4. 7. 23. 26]. Additionally, a few situa-
tions also contain zero observations indicating one or more
of them are empty, which leads to a delta-lognormal dis-
tribution first introduced by [1}. In the real world, this
distribution is utilized in several fields, including fisheries

iils




[19. 33, 35, 36, 47), environment [32, 38, 39] and medicine
[40, 49).

Variance is regarded as a measure of dispersion in applied
statistics and is one of the most popular parameters of in-
terest in probability and statistical inference. It is defined
as the second central moment. and the positive square root
of the variance is the standard deviation [10].

The application of confidence intervals (Cls) for the vari-
ance has been utilized by various authors in a number of
fields. For example, Mathew and Webb [29] estimated the
difference in tube-to-tube dispersion between a new gun
tube and a control tube to investigate the gun tube accuracy
of an M1 Series tank. while Krishnamoorthy et al. [26] eval-
uated the levels of lead in air as a health hazard impacting
the well-being of personnel at the site in Alma American
Labs. Furthermore, Cojbasic and Loncar [13] assessed the
anmual revenue levels of the industry players' market shares
to measure market concentration indices.

Several researchers have investigated and developed Cls
for variance with different methods and distributions. For
example, Burdick and Graybill [8] presented a modification
of the Graybill-Wang procedure to establish them for a lin-
ear combination of the among- and within-group variances
in an unbalanced one-way classification model; their results
led them to recommend the Graybill-Wang shortest inter-
val instead of either the Graybill-Wang equal-tail or Sat-
terthwaite equal-tail intervals. Bebu and Mathew [1] studied
a modified signed log-likelihood ratio test with generalized
confidence intervals (GCls) in a bivariate lognormal distri-
bution; they found that GCls are recommended in cases
where the sample size was small. Cohen [12] adjusted Cls for
the variance in a normal distribution using the two questions
posed by Tate and Klett. Mathew and Webb [29] presented
the generalized p-value and GCI for variance components.
Harvey and Merwe [23] proposed Bayesian Cls for variance
of a lognormal distribution with additional zero observa-
tions. Note that Bayesian intervals (including fiducial ones)
are fundamentally different to frequentist intervals: the for-
mer are interpreted as probability statements a posteriori
while the latter are procedures that have certain properties
a prior. Niwitpong [31] recommended GCls for the function
of variance in a lognormal distribution because it performed
well in terms of coverage.

The expected value or mean is 8 measure of central ten-
dency [10]. although the variance of rainfall data can be in-
dicated a measure of rainfall dispersion. Importantly, its es-
timated variance can be pointed out imnatural rainfall fluc-
tuation which can result in such natural disasters as drought
and floods. Determining the Cls for variance is well-known
and can be applied in many research areas. as mentioned
previously. Casella and Berger [10] guaranteed that a CI
provides information on the parameter of interest more than
the point estimates. As such, Cls for the variance of delta-
lognormal distribution are needed to predict extreme rainfall
events. Herein, we present a developed method to construct

230 P. Maneerat, S. Niwitpong, and S. Nitmipong
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Bayesian Cls for the variance in a delta-lognormal distri-
bution called the highest posterior density (HPD) credible
interval based on vague prior (HPD-V) and the method of
variance estimates recovery (MOVER). The reason is be-
cause the results of the existing HPD interval based on the
independence Jeffreys' prior (HPD-J) of Harvey and Merwe
[23] is a better performance for variance of lognormal with
additional zero observations than the equal-tailed CL Fur-
thermore, there are the existing methods: the GCI of Wu
and Hsieh [17], and FGCI of Hasan and Krishnamoorthy
[24] (FGCI-HK). These were obtained from the Cls for delta-
lognormal mean. In Section 2. the theories and concepts of
all of the methods are elaborated. In Section 3, the design
and results of the simulation procedure are shown, In Sec-
tion 4, the dispersion of daily rainfall in Nan province is
estimated by all of the methods. Finally, a summary and
brief discussion are contained in Section 5.

2. NOTATION AND INTERVALS FORMED
ON THE SINGLE VARIANCE

Consider the population data including many zeroes with
the probability 0 < § < 1 and the non-zeroes with the
remain probability 1 — 4. The number of zero nyg) has
a binomial distribution with parameters n and 4. while
the non-zero values have lognormal with the mean p and
the variance 0. These characteristics are called the delta-
lognormal distribution. Define X = (X, X,,..... X,) be a
non-negative random samples of delta-lognormal distribu-
tion presented by [2). denoted as Ay o2, 6). The distribu-
tion function of X is given by

& r=1

(1) G(’=""’2’5’={u_s)nz:u,a’): x>0

where F(r:p,e?) is the distribution function of lognor-
mal so that InX ~ N(p,0%) where p and o2 are the
mean and variance of InX. The maximum likelihood es-
timates (MLEs) of p, ¢ and § are i = Y} InX,,

"y

e =i Ve In Xo — i) and 8 = 22 = ng, + 0y

]

where 1y are the number of non-zera observed values. The
population variance of X is

(2) ¥ =(1-38)exp(2u+ a7 [exp(c?) — (1 - )]

which is log-transformed as ¢ = In(1 — 8) + (2 + o°) +
In [exp(a?) — (1 —4)]. The MLEs /i, 4% and 4 are replaced
and led to obtain the estimate & = In(1 — 8) + (2 + %) +
In |exp(é?) — (1 — f) . The Cls for v are established using
the following metho

2.1 HPD credible interval

According to Casella and Berger [10]. Bayesian approach
is defined as a parameter ¢ regarded as a quantity whose
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Abstract In this paper, we present an iterative process for finding a common element of solution sets
of the variational inequality problem, without a monotone mapping, and fixed point of a nonexpansive
mapping. Moreover, we prove a weak convergence theorem by using an our process and give a numerical
experiment.

MSC: 46002
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variational inequality; weak convergence theorem
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1. INTRODUCTION

The concept of the variational inequality problem, denoted VI{C, A), is to find
z* € C such that

(A(z*),y-x*) >0, WyeC (1.1)
where C is a nonempty closed convex subset of a real Hilbert space H, A: C 5 H s a

continuous, and {-, -) denotes the inner product in H. Let SOL(C, A) be the solution set
of VI(C,A) and SOL(C, A)p be the solution set of the dual variational inequality:

SOL(C. A)p := {zx € C|{A(y),y - z) 2 0,¥y € C}. (12)

There are a lot of iterative processes for finding SOL{C, A) such as Goldstein-Levitin-
Polyak projection methods |1, J|; proximal point methods |'°]; extragradient projection
methods [, 7, 10-17]; double projection methods [¢, 14, 21]. These iterative processes
assume the assumption either the monotonicity of A or SOL(C, A) € SOL(C, A)p which
means that

Vz* € SOL(C,A), {Aly),y—=") >0,¥y e C. (1.3)

*Corramponding author. Publishod by The Matbematical Amsociation of Thailand.
Copyright @ 2020 by TIM. All rights rescrved.
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Karamardian | 11| showed that the assumption SOL(C, A) € SOL(C, A)p is a straightway
consequence of pseudomonotonicity of A on €, and indicated that & monotone mapping
can imply a pseudomonone mapping. In 2015, Ye and He [1], suggested a new method
which is called a double projection method under the only assumption SOL(C, A)p # 0.
This assumption is equivalent to the following inequality :

3r € SOL(C, A), (A(w).y—2) 20,¥yeC. (14)

Clearly, if SOL(C, A) € SOL(C,A)p then SOL(C,A)p # @, but not converse. They
proved that their method can find SOL(C, A) without the monotonicity of A, and gave
some numerical experiments.

The problem for finding & common element of the set of fixed point of a nonexpansivo
mapping and the solution set of the variational inequality problem for an inverse strongly-
monotone mapping was presented by Takahashi and Toyoda [20]. A mapping S of C into
itself & called nonexpansive if

|5z =Syl < fl=-yl| Vr,y€C. (1.5)

We denote by F(S) the set of fixed point of S. By the way, their process obtained
a weak convergence theorem for two sequences. Later, mathematicians were interested
to establish iterative processes for solving a previous problem (see in |1, 22]). In 20086,
Nadezhkina and Takahashi [ 7] introduced an iterative proeess for finding a common
element of F(S) n SOL(C, A) in a real Hilbert space H, and showed that any inverse
strongly-monotone s monotone and k-Lipschitz continuous. Their process follows the
idea of an extragradient method |7] by setting A : €' — H & k-Lipschitz continuous
monotone, and S : C' — € is nonexpansive. They constructed

ro=zcC

un = Po(zn — AnAxy)

In+1 = antn + (1 — an)SPo(ta - anAya)
for every m = 0,1,2, .., where {\,} C e, b] for some a,b € (0, %), and proved that {z,}
and {y,} converge weakly to a point in F'(S) N SOL(C, A).

In this article, we establish an iterative process for finding a common element of F(S)
for a nonexpansive mapping S, and SOL(C, A) without the monotonicity of A by setting
SOL(C,A)p # 0, and A : C - H i only k-Lipschitz continuous. Furthermore, wo
prove a weak convergence theorem, and give a numerical experiment for support in an
our result.

2. PRELIMINARIES

This section contains definitions that will be used in this work. Note that H is a real
Hilbert space, C € H is a nonempty closed and convex set, and A : C — H s a continuous
operator, The projection from x € H onto C is defined by Pe ;= arg min{|ly—z| | y € C}).
The natural residual funetion ry () 1s defined by ru(r) := r— Po(r— pA(x)), where py = 0
is a parameter. If u = 1, wo write r(x) for ru(x).

Lemma 2.1. || Foranyz € H andz € C,
(A) |1Pe(z) - =|P <z —=|* - |Po(s) - =If;
(B) (Pelz)—zx,z - Pe(x)) > 0.

Lemma 2.2. [*] Let H be a real Hilbert space, h be a real-valued function on H, and
K:={recH : hiz) <0}. IfK is nonempty and h is Lipschitz continuous with modulus
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