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Conference Background
The 2™ Suan Sunandha National and International Academic
Conference on Science and Technology (SsSci2019)
“Science, Technology and Innovation for Sustainable Development”

©

The 2" Suan Sunandha National and International Academic Conference on Science and

Technology, entitled "Science, Technology and Innovation for Sustainable Development" is the
prestigious event organizes by Faculty of Science and Technology, SSRU, to provide an excellent
platform for the national and international academicians, researchers, industrial participants and
students to share their findings and establish collaborations with each other’s and experts. The
conference will be held in Bangkok, Thailand on 8" November 2019.

The key intention of this conference is to provide opportunity for the national and
international participants to share their ideas and experiences. In addition this conference will help
the delegates and participants to establish research or business relations and future collaborations
in their career path nationally and internationally. We hope the outcome will lead the major impact
on updating the knowledge and research base scopes of conference’s eight major topics.

This Conference is sponsored and organized by Faculty of Science and Technology, Suan
Sunandha Rajabhat University. The conference would offer a large number of invited lectures and
presentations from distinguished speakers. The best paper awards will be given for the papers judged
to make the most significant contribution to the conference.

This conference provides respectable platform and decent opportunity for participants to
exchange knowledge, share experiences and develop connections with faculty members,
researchers from academia, industry, government and students. The conference includes eight major
research areas:

1. Computer Science and Information Technology

. Mathematics and Statistics
. Physics and Energy

. Chemistry and Forensic Science

. Environmental Science and Technology

2

3

il

5. Biology, Biotechnology, and Microbiology

6

7. Food Science and Technology, and Home Economics
8

. Sports and Health Science

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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WRANNTIN wasHauayu
Conference Co-hosts and Supporters

o

diinanuaugnIINNINITEANAnK

Office of the Higher Education Commission

A11NUAMENTTUNTITEUAIYA
National Research council of Thailand

Faculty of Science

University of Hradec Kralove (Czech Republic)

—

Okayama University (Japan)

OKAYAMA

UNIVERSITY

Ho Chi Minh City Open University

(Vietnam)
Kazan Federal University (g Kazan Federal
(Russian Federation) UNIVERSITY
Chia Nan University of Pharmacy and Science [ ﬁ?
(Taiwan) ”‘@;);{&“‘

WIME§e v el ﬁ ( \

Chiang Mai Rajabhat University

Facutty of Sclence and Technciogy
‘Ching Mai Rasbhat Universiy

U INGIRETIVI)UATATTITUIY
Nakhon Si Thammarat Rajabhat University

W IngdesvAna1Ue
Lampang Rajabhat University

UM AINYITYTIVAUMETAY
Rajabhat Mahasarakham University

U INENFEVANaNaUAT
Sakonnakhon Rajabhat University

WIS TvAgasuns
Surindra Rajabhat University

WNIMERE YA AyaaIRsI
Pibulsongkram Rajabhat University
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Conference Co-hosts and Supporters

UININYIRUTIVH VNGRS
Thepsatri Rajabhat University

IR TV UATIYEN
Nakhonratchasima Rajabhat University

NAKHON RATCHASIMA RAJABHAT UNIVERSITY

o o o o L
UMINGIFETNWAYNYTYT e
Phetchaburi Rajabhat University A
uStm anlafia i ¥38ad (Usemnelne) S1dm analytikjena
Analytik Jena Far East (Thailand) Ltd. A Endress tHauser Company
V3o Salawunes ain sf HISTOCENTER
Histocenter Co,.Ltd (Thailand) o -
U3En Ansnauedle@ioa 91n SITHIPORN),

Sithiphorn Associates Co.,Ltd. associates

US9n 1w leeud I1in

Vana Science Co.,Ltd. IANA
SCIENCE
Ut glufin wouunda wouvi loudiile3e u AE
AoutaLAWY 7R
UNITED ANALYS' NEE!

CONSULTANT ¢ NY LIMITED

United Analyst and Engineering Consultant Co., Ltd.

USE¥ wasa 31179 MERCK

Merck Ltd.
IS
U 9o da im SCI
Scispec Co., Ltd. SPGC

- o2 P )
VTN INBDINU LBALNBT 91NA '
PerkinElmer Co., Ltd. PerkinElmer’

For the Better
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Conference Committee

ngupsuiamesuazmalulagasauma
1 999ans19N38 ANes 189
Assoc. Prof. Dr. Phayung Meesad
2 fHemans1nsd asuudies Saudsaeddl
Asst. Prof. Dr. Montean Rattanasiriwongwut
3 59IENENS1A138 ATNSOR WRAlanIng
Assoc. Prof. Dr. Ponrudee Netisopakul
4 gemansnnsdydind walyniiad
Asst. Prof. Dr. Chutipuk Kemwimoottiwong
5 feemans1sd ns.suty Jusy
Asst. Prof. Dr. Ronnachai Chuentawat
6 813 ATUNAR FIATIEN
Dr. Noppadon Phumeechaya
7 fHemansnsd asiIng deus
Assist. Prof. Dr. Pijittra Jomsri
nguAtinAENS a6A
1 509mans19158 ag.aglud durad
Assoc.Prof. Dr. Chartchai Leenawong
2 fwmansasd ns3lsod fndy
Asst. Prof. Dr. Wirot Tikjha
3 {PeMans1nsed sy &
Asst. Prof. Dr. Boorapa Singha
4 fehemans1ansd as.uny Tunsege
Asst. Prof. Dr. Bongkoch Nimtrakul
5 APemansnsd avung lafius
Asst. Prof. Dr. Nop Sopipan
neaidnd wisay
1 femans1ansd as.ugui aided
Asst. Prof. Dr. Naruebodee Srisang
2 {Hemans1sd AsuITIM Nol
Asst. Prof. Dr. Navavan Thongmee
3 919138 A5, By Jndad
Dr. Chanade Wichasilp
4 138 as.unsal USnysae
Dr.Pakorn Preechaburana
5 {Yiemansansd asduniend AeAdynad
Asst. Prof. Dr. Kanthapat Kitti-atchawan
6 HUIEAMansI9138 ASluNgiY a1usil
Asst. Prof. Dr. Kheamrutai Thamaphat
7 593ER319138 AR 915U
Assoc. Prof. Dr. Narong Sangwaranatee
8 39INANI19138 N385 BVSWIY

Assoc. Prof. Dr. Ammara Ittipongse
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King Mongkut’s University of Technology North Bangkok
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King Mongkut’s University of Technology North Bangkok

andumalulagnsyasundninaummisainn szl
King Mongkut's Institute of Technology Ladkrabang
IR VATl

Chiang Mai Rajabhat University
IR T BAUATINFEN

Nakhon Ratchasima Rajabhat University

N IMeNdu A UATUTY

Nakhon Pathom Rajabhat University

U INede v auEum

Suan Sunandha Rajabhat University

anfumalulagnszaeuindninaummsaiansy e
King Mongkut's Institute of Technology Ladkrabang
wnIeayNvAyaaIasm

Pibulsongkram Rajabhat University
UAIMIAE BN Te sl

Chiang Mai Rajabhat University
WAINNRETVAYNARS

Thepsatri Rajabhat University
WINNFETVAUATIIVENN

Nakhon Ratchasima Rajabhat University

andumnalulagnsyasunaninauviisainn szl
King Mongkut's Institute of Technology Ladkrabang
W IngnaeNua)iyadnTIl

Pibulsongkram Rajabhat University

IR BTt

Chiang Mai Rajabhat University
WNINeFEsTIUAERNS

Thammasat University

UINNRYTIVAWERT

Thepsatri Rajabhat University
wninendemalulagnszaounasuys

King Mongkut’s University of Technology Thonburi
WIS UAY UM

Suan Sunandha Rajabhat University
WISV UM

Suan Sunandha Rajabhat University
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Prof. Pol .Maj. Gen. Patchara Sinloyma
F9IANANTIA15E WU TINeN 1559 Fvyaelve
Assoc. Prof. Pol. Col. Witchuvanit Witchuvanit
HY8mMans19138 As.3ANTI Junzudl

Asst. Prof. Dr. Rapiphun Janmanee
HYI8AMans19138.03.818513 Nowniey

Asst. Prof. Dr. Saithan Thongphrom
HY8mMans19138 A3, @3198 auuy

Asst. Prof. Dr. Sarawut Somnam
HYemans1sd as.daddn qud1sey

Asst. Prof. Dr. Wallika Suksomran
fnmans1anss as.suIng wWasinan

Asst. Prof. Dr. Thanakorn Pluangklang
feemansnansd asadan seuatan

Asst. Prof. Dr. Wanida Wonsawat

919158 A% WaBENIIY logniin

Dr. Ploysai Ohama
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10

11

12

13

14

15

399A1EART1A3Y A5 U3 Fuifinad

Assoc. Prof. Dr. Kooranee Tuitemwong
39INEANT19158 A3.5YAMU 3TN

Assoc. Prof. Dr. Touchkanin Jongjitvimol
HYI8AanI19138 A5.30A3U fauas

Asst. Prof. Dr. Chisiri Konkong
HY18Mans1n3d as.nvlinn gaum’

Asst. Prof. Dr. Kotchanipha Udomthawee
Heerans19158 ns.nqual Tunes

Asst. Prof. Dr. Krit Pinthong
feemansnasd as.Anddng lufinevioised
Asst. Prof. Dr. Kittisak Chotikadachanarong
919138 s.nANa dlgiey

Dr.Pakkakul Sangsuriya

HYI8AanT138 Asiieuie Pius

Asst. Prof. Dr. Thiamhathai Choopan
919138 A3.l05INg Shulsavined

Dr.Triwit Rattanarojpong

HYIA1AnT19138 A, DUTHUS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
HHI8AanI19138 A.Aunu ngyatinug
Asst. Prof. Dr. Chantana Kankamol
;:I‘zhamam%nsé 75.08¥A" 91918N5NNT
Asst. Prof. Dr. Piyada Achayuthakan
919198 03 Jun Wugity

Dr.Wattana Panphut

Dr. Mohammad Bagher Javadi Nobandegani

Dr. Ha Thanh Dong
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Royal Police Cadet Academy
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Royal Police Cadet Academy
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Pibulsongkram Rajabhat University
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Phuket Rajabhat University
WNIMERE VATl

Chiang Mai Rajabhat University
WIMEIRETIVA NS

Thepsatri Rajabhat University
IR TBAUATIIVE
Nakhon Ratchasima Rajabhat University
U INYIFY UL e ue i

Suan Sunandha Rajabhat University
WISV e ueium

Suan Sunandha Rajabhat University

UINEFNATAERS

Kasetsart University
WIS A RyaaInsI
Pibulsongkram Rajabhat University
wnIeae A RyaaIasIm
Pibulsongkram Rajabhat University
WInendesvigasuns

Surindra Rajabhat University
WInendesvigaiuns

Surindra Rajabhat University
UAINIAE Yo sl

Chiang Mai Rajabhat University
AudiugimnIsuLazmalulaginmuviani

National Center for Genetic Engineering and Biotechnology

WINNFETVAUATIIVENN
Nakhon Ratchasima Rajabhat University
WM aEmAlLLAENTEARUNATUYT

King Mongkut’s University of Technology Thonburi

UNINYIFBURAS

Mahidol University

UM INYT VAT

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
UMINGT TV AU

Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Suan Sunandha Rajabhat University
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Assoc. Prof. Dr. Suthep Silapanuntakul
309A18MT1158 A3.LUgyanTal Uszans
Assoc. Prof. Dr. Benjaphorn Prapagdee
HYemans9138 as.nging legmuun
Asst. Prof. Dr. Charnwit Kositanont
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Asst. Prof. Dr. Saowanee Wijitkosum
HYemans19138 35100 AI5135h
Asst. Prof. Dr. Thaunwadee Srithawirat
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Asst. Prof. Dr. Khamanitjaree Saripan
399A1an319158 Aslnyad uIumas
Assoc.Prof.Dr.Paiboon Jeamponk
HYemans19138 3000 fxlum
Asst. Prof. Dr. Anat Thapinta
399MNARTITEAINLG YBuUNS
Assoc.Prof.Sivapan Choo-In
HY8Mans19138 AIALIRY gn1sana

Asst. Prof. Dr. Tatsanawalai Utarasakul

nguIngransuazmalulagnisens annssuAEns

1
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Assoc. Prof. Dr. Chuenchit Boonchird
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Assoc. Prof. Dr. Tasanee Limsuwan
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Assoc. Prof. Dr. Khongsak Srikaeo
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Asst. Prof. Dr. Teerin Chysirichote
919138 A3.590 S35y

Dr. Thanida Chuacharoen
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HHeans1ansd asalinn vanetaulnena
Asst. Prof. Dr.Wanida LAIWATTANAPAISAN
{terans19158 ns.auduaun iing
Asst. Prof. Dr. Somjintana Toutip
HYemans158 as.vyia foinla

Asst. Prof. Dr. Chayanit Luevanich
HYI8Aans19158 As.0usHuS §93uns
Asst. Prof. Dr. Amornpan Ajjimaporn
013159 uHnT Wuvideyan

Ampika Nanbancha

Editorial Board
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Asst. Prof. Dr. Anat Thapinta
Prof. Dr. Hongjoo Kim

Prof. Dr.-Ing. Mitra Djamal

Assoc. Prof. Dr. Nguyen Hieu Trung
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Thepsatri Rajabhat University
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Prof. Dr. Subhash C. Pandey

Prof. Emeritus Manit Rappon
Assoc. Prof. Dr. Thanh Son Dao
Dr. Soo Rin Kim

Dr. Vinh Truong Hoang

Dr. Wong Tze Jin

Dr. Stephen Raymond Morley

Editorial Managers
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Asst. Prof. Dr.Pijittra Jomsri
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Dr. Thanida Chuacharoen
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Lakehead University, Canada
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08.00 - 09.00 . amzifou m Vinadunihvonssqungisuuedagy tu 3
09.00 - 09.15 . NANTIBUNTUTEYY
Tog  {928A180519138 As.00iR Azlunn
ANUARMEINEIAERSUAzImALULaE
09.15 - 09.30 w. naiUansuseyy
Ty 529ANEAS19758 AS.ALAY LNAITY

B8NTUANMIINES YA AU UM
09.30 - 10.00 u. - fSueuvesiisednundnnnsiuuazansnIng iy
- WBNBUTIIAUNANUITUAAU TI1UIU 3 51973
Ty 599ANEAS19158 AS.ALAY LNAITY
B3NTUANMIN YT VA AU
10.00 - 10.30 u. UssEefeY 1309 “Recent Technology Breakthroughs in the Control
of Iron Deficiency Anemia”
1ne  Prof.Dr.Michael Bruce Zimmermann

Zurich Swiss Federal Institute of Technology (ETH), Switzerland

10.30 - 11.00 w. UssEnefivy 13049 “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
1ne  Prof.Dr.Chih-Hsiang Liao

Vice President of Chia Nan University of Pharmacy and Science, Taiwan

11.00 - 11.15 u. SuUsemuemsIN a muntviesUsegunagSeEuadagy Tu 1
11.00 - 12.15 u. thiauanammAfonuumelawed u fumivonssgumadduedasy tu 1
11.15 - 12.15 w. thisueranuifeuuunIAUTIIY o Fasuszrn U 1, 2 uaz 3
WOINR5IE 10 1 nguanpenfmesuasmaluladansauna (nqudosd 1)
oI 10ysE & fu 1 nguaeenfwesuasmaluladasauna (nqudosd 2)
Woeuanyini Lo 2 nguanAnduasnEaay

Viosuanysni U 2 nguaIneeansmIivILaEINEImaRsaun W
Wiosuanusn & fu 2 nguavafivaedfineimans

OIYHUINTY 18 Hu 2 nguaineenansauandounasinelulad

NIOINGURY u 2 nguannTiner meluladthnin uazqadinen
osngouveadsy U 3 nduaninenmaniuanvalulaiinsemsuagavnasueans
12.15 - 13.15 . SutssmuewnananeTu o esesian u 1
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13.15 - 15.30 W. UauenauIdeuuunAlanas
M AuntiviesuszyuninSiduadagy Yu 1 (se)
WiounauUnsNIsUEUeNANUITERUUNIALUANES

13.15- 1445 0. UauUsNAUISILUUNAUTIEIY o FaUszaudu 1, 2 uas 3 (o)
WOIN05IE 10 4 1 nuaeenfwesuasmaluladansauna (ndudosd 1)
WoIN10yTaE @ 1 nauanreufiumosuasimalulafansaumna (ndudosi 2)
VioeuanyIni Lo 4 2 nguaAnduwasnEaL

viosuanyini U fu 2 nguaineeansnivILayInemansaun
Vioeuanysnt & fu 2 nguaadinmaniuazadn

WOIYWUINY 18 fu 2 nguaineenansaunndounasinelulad

Viosywuany U 2 nguanTiner meluladtniw uazqadainen

VONTsULeaRIN U 3 nguavInenmansuazimalulagnisemsuazansuAans

14.45-15.00 4. SUUTENMURIMNTIN U euvtiesUseyunguges Fu 1, 2 uay 3

15.00 - 17.00 w.  UNAUIHANUIIBUUUNIAUTIENY M TioUseay 1, 2 uae 3 (fa)
NTDUUDUAUATNITUNAUBNANUITHUUUNIAUTIEY 04 iosUseyungudon
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Conference Schedule

©

08.00 - 09.00 Registration (Krungthon Ballroom, 3 floor front area)
09.00 - 09.15 Giving a briefing of the conference
Asst. Prof. Dr. Anat Thapinta
Dean of Faculty of Science and Technology
09.15 - 09.30 SsSCI 2019 Opening ceremony
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
09.30 - 10.00 Presenting a token of appreciation to the distinguished co-hosts and
taking a group photo
Presenting three awards for outstanding
Associate Professor Dr. Luedech Girdwichai
President of Suan Sunandha Rajabhat University
10.00 - 10.30 Keynote Speech “Recent Technology Breakthroughs in the Control of
Iron Deficiency Anemia”
Professor Dr. Michael Bruce Zimmermann
Zurich Swiss Federal Institute of Technology (ETH), Switzerland
10.30 - 11.00 Keynote Speech “Universities Facing Severe Challenges of Fewer
Children Trend and International Competition”
Professor Dr. Chih-Hsiang Liao
Vice President of Chia Nan University of Pharmacy and Science, Taiwan
11.00 - 11.15 Refreshment Breaks at Phanurandsi Ballroom, 1% floor front area
11.00 - 12.15 Poster presentation session (Phanurangsi Ballroom, 1°* floor front area)
11.15-12.15 Oral presentation session (meeting room 1%, 2" and 3™ floor)
Phanurangsi Room A, 1°" floor Computer Science and Information Technology (Group 1)
Phanurangsi Room C, 1°" floor Computer Science and Information Technology (Group 2)
Bongkotrat Room A, 2™ floor Physics and Energy
Bongkotrat Room B, 2" floor Sports and Health Science
Bongkotrat Room C, 2" floor Chemistry and Forensic Science
Busabongkot Room A, 2" floor Environmental Science & Technology

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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Busabongkot Room B, 2™ floor

Krungthon Ballroom, 3™ floor

@) SsSeisi

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

12.15 - 13.15 Lunch at Rim Nam Terrace, 1°! floor

13.15 -15.30 Poster presentation session (Phanurangsi Ballroom, 1% floor front area) (cont.)

Presenting poster presentation certificates at the presentation area

13.15 - 14.45 Oral presentation session (Meeting room 1%, 2" and 3™ floor) (cont.)

Phanurangsi Room A, 1°' floor
Phanurangsi Room C, 1% floor
Bongkotrat Room A, 2™ floor
Bongkotrat Room B, 2" floor
Bongkotrat Room C, 2" floor
Busabongkot Room A, 2™ floor
Busabongkot Room B, 2" floor

Krungthon Ballroom, 3™ floor

Computer Science and Information Technology (Group 1)
Computer Science and Information Technology (Group 2)
Physics and Energy

Sports and Health Science

Chemistry and Forensic Science

Environmental Science & Technology

Biology, Biotechnology and Microbiology

Food Science & Technology and Home Economics

14.45 - 15.00 Refreshment Breaks at front area of each meeting rom (1%, 2" and 3" floor)

15.00 - 17.00 Oral presentation session (Meeting room 1%, 2" and 3" floor) (cont.)

Presenting oral presentation certificates at the presentation rooms

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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Oral Presentation

Conference Sessions: Computer Science and Information Technology (Group 1)
Phanurangsi Room A, 1% floor (#2n10434# L@ u 1)

Chairperson Co-Chairperson

Dr.Vinh Truong Hoang 919158 As.AnfnM dnesiuns

Vice-Dean, Faculty of Information Technology Wnihandyingimansussandanyinemaniuasinalulad

Ho Chi Minh City Open University

K
U
[

U I TIA AU
QBANARTINTY 1395895 YT T AnuAIneduasefinAleiloud
Wuwes muudmalulad uinerdugsiadudge

Paper Code/ International/

No. Time ) . Name Institute Topic .
Registration Code National
Development of Innovative Media for International
SSSCI2019 CS 4 L )
L. 11.15-11.30 - - Way Sokhom Mahidol University Communication Sangha in Phra Nakhon,
SSSCI2019 O 121 )
- - Bangkok, Thailand
- . o . Application Development for Pon-Yang- National
SSSCI2019 CS 8 N3TUNNT NUATAU Sakon Nakhon
2. 11.30.-11.45 -~ Kham Fattened Cattle in Sakon Nakhon
SSSCI2019 O 56 Kannikar Kamolrat Rajabhat University
- Province on Android Operating System
, 11.45.12.00 SSSCI2019_CS_1 FATUnT NN IR YA MsRAIAULUUaRN SIS sUgnaenuyd National
‘ o $55CI12019_O 4 Rujijan Vichivanives angium fhedumeiiinvemnasnda
. 12001215 $SSCI2019 CS 6 F5edind 1hseiug unIvendumalulad nmsthiamadendmiulsandianugdagly National
‘ ' ' $55CI2019 O 44 Jeerasak Numpradit WIYIBWNAMSTUAIWLE  SEUUANISIEToU
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
. Rajamamgala University R - v y
SSSCI2019 CS 9 QNNY INBY mstmelulagdumesiinoonfiadin
5. 13.15-13.30 -~ of Technology Y National
$55CI12019_0_71 Looknu Authong Uszgnaldany
- Suvarnabhumi
SSSCI2019_CS_10 Fdusi IR YA mslamesinituiiomngadlunsddlssny
6. 13.30-13.45 - - - o e e o - National
SSSCI2019 O 80 Chatchanun Namwon NyaeInTI guanvnssuTunadauisuiminiivelan

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
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No. Time
1. 13.45-14.00
8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45

14.45-15.00
11. 15.00-15.15
12. 15.15-15.30
13. 15.30-15.45
14. 15.45-16.00
15. 16.00-16.15

Paper Code/

Registration Code
SSSCI2019 CS 11

$55CI2019 O 85

$55CI2019_CS 12
$55C12019 O 91

S55CI2019 CS 13
S55CI2019 O 93

$55CI2019 CS_14
$55CI12019 O 95

$55C12019 CS 15
$55CI12019 O 99

$55CI2019 CS 16
$55CI12019 O 83

$55C12019 CS 17
$55C12019 O 117

$55CI2019 CS 18
$55CI12019 O 120

$S5C12019 CS 38
$S5C12019 O 235

Name

#5135 WRTHA

Sarawut Pajonetid

Usznnsal unnnde

Praphaporn Nopparai

Ual gUUT
9 Y Y

Thanawut Thoopucha
ANty winuUseiedy
Supachai Promprasoet
guadat Inswau
Ubonsilp Phoprom

AWy wlueARaUPIsit

o

Manwongdeon

uaised A5t

Maneerat Paranan

guafad Indnsu

Ubonsilp Phoprom

Ui y@dn

Institute

U INESYTVAY
Fedll

1y Angndewmalulad
NILABULNANTLUATINTID

WISV
AYaAIATIY

U INEUTVAY
NyaeAsIl

Refreshment Break

U INESeTvY
anauns

1M Ingnaenalulad

NITIDUNANTLUATNLD

UyMIneasnalulagsy
1InanyTuaen e

INTIIWHIUTD

U INENSUTvAY
anauns

U INESUT1U4Y
UASAISITUIIY

Topic

ueweundndudmsuidnayulnsuy
sruvluRnisueunsed lngldlausveanu
wwosls
nsUsEgNAnIEUIUNITERNIUUUSEAUNTSA]
@ @ (3 a fa & a ¢
Alilunsiaunivledndivddiannsedng
o w w a1 =
dwiuiusgnaumsiildlesngmalulag
nmsfesiunarasinunisiilvareninnely
thuiuszuumuaunsivavesiiseaunsal
= a
LAFEUT
szuumuannMslaUanouianesnialnadiu
¢ A a
guUNIULARDUN

msiawendnduiioatuayunuuinig
fgansgIuiumAlulagansaume
Mefindszansamnsuimsianisadsdudi
nafiAnyUsENRARuaE S e udY

arluanseadnsnanisinens

o < a ¢ A a
nsimwdulygussAvgiienisiieulou
wheinduaiunisiseuinaendin

ASHAILITEUUNITUINITNBUAINE R WA
Tnawalulad lail vew (LINE BOT) w84
aonduideuasiau avIne1qesayg
anaunas
ﬂ1sﬁwmszwmmmQmugﬁuazmm%ﬂu
lsaTeulgnitvdnaes
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National

National

National

National



Conference Sessions:

SSSCiZiTy

Computer Science and Information Technology (Group 2)
Phanurangsi Room C, 1** floor (240104398 & Yu 1)

Chairperson Co-Chairperson

HYemans1sdandng AsaInise

No.

1.

AURAEINGNANERS

VNI VANA1UN

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

Paper Code/
Registration Code
SSSCI2019 CS 24
SSSCI2019 O 152
SSSCI2019 CS 25
SSSCI2019 O 156
SSSCI2019 CS 26
SSSCI2019 O 158
SSSCI2019 CS 28
SSSCI2019 O 162

555CI2019 CS 29
555CI2019 O 163

5SSCI2019 CS 31
55SCI2019 O 181
5SSCI2019 CS 32
555CI2019 O 202

8197158 AT.UNAR {AITTEN
auTimeeNiunesfny AugInemanswazmalulag
UM uATUTH

Name Institute Topic
WU Mandia o . MIIATIERLAENEINTAIYRIMIINTT MUY
) LU INYIDYNLLYN - o i
Pruksanan Kamlapit aumluqmaammmw
SHNg ALY e oA Ginrai-Bot for Ordering and Recommending
W InengAalIng i o
Ratchadaporn Kanawong, Healthy Food Online Application
aidw g - . AMFWAUINTENLERNNTVIBLAT D991 U
) ) LU INYIDYNLLYN " . W .
Suttisa Kunju LWﬁ‘Uﬁ NTEUANYITIU LD LBURA NI
' LN wounAindutiswiiou
Chaiyapan Charoensuk . .
INVAHNITUAT ANTTUUTENIULN

Buffet Lunch, Rim Nam Terrace, 1 floor
mswauiuleiuaziukeundindumeyva

allns wiadles Suan Sunandha Rajabhat  uasU nsdifiny nAnwanvigmelulad

Sumitra Nuanmeesri University FSEUNA ANEINEFERSuaTAlUlad

WISV UM

ANy Unaaung o nsfnnsesayadmivssuuugesiiay
Burapha University }

Thanaluk Pranekunakol vunlnglay STackSTorm

Anfinal Judin umIngndewmalulagsny  nsesnwuu FTP wiskdlunisSudslndsyming

Kttipat Panfak 1ARFITIUYH Client wag Server
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No.

10

11.

12.

13.

14.

15.

16.

Time

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

Paper Code/
Registration Code
$55CI2019 CS 35
$55CI2019 O 214

555CI12019_CS_36

$55CI2019 O 221

$55C12019 CS 21
$55C12019 O 130

$55CI2019 CS 39
$55CI12019 O 250

555CI12019 CS 23
555CI12019 O 150

$55C12019 CS 20
$55C12019 O 123

$55C12019 CS 19
$55C12019 O 122

$55CI2019 CS 5

$55CI2019 P_42

$55CI2019 CS 7

$55CI2019 P_d5

Name

=] =]
U3n1550 SNWENBNTFEU

Preedawon Kadmateekarun

MeYau Wnzdns

Kanchana Kanthachak

dn3siy) 1aulsas

Jakapat Janethaisong

Uszu Wuoen

ufing lveuen
Bopit Chainok

e LCRTREI TRV

Voottichai Nakpeata

s wAee

Pattanan Nakyos

Fuyg Insanwal
Chatchuda Potiluck

glsassal Snwnnaed

Uraiwun Ruxpakawong

Institute

Suan Sunandha Rajabhat

University

WIS TvY
Wedl

Rajamangala University
of Technology

Suvarnabhumi

Refreshment Break

WNINYIRYTIVAYNYTYS

N IMeNdu A UATUTY

Rajamangala University
of Technology
Suvarnabhumi

Rajamangala University
of Technology

Suvarnabhumi
Mahidol University

UM INENFE1VA])
AyasaAsl

Topic

ATHAULDNNALATUTEUUIAN1TTALUN
BRLuLiA
nsdaasuniseusnuiUyeviesdiudums
X . . - " .
wingiasensangldmaluladnisreuiimes

mMsdanisanulasasuvesiiduiea

nRALISEUUNISIANTS RISy yNeaulall
AN ImManswasinalulag wnIne de sy
Agunsys

sruunTvinanmenaninasenmninly
Ualdearsu?

nstlassngangitnUssendldu

M luslapeaun v dumsuuasevielsany

FEUUANTAUVAAIUANNITUTELIANANSANY
ASMANEINGIFENNTIANNT

UNINYIRENTARA

nsafluunAgeUAAYEUALTOLA LAZATIY
Aneu LnudnlulR
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SSSCiZiTy

Conference Sessions: Chemistry and Forensic Science
Bongkotrat Room C, 2™ floor (oeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYI8AaNT19158 ATYUAS indiuns 819158 As.NaReNIY loanih
ANURAEINEAERSLaTmAlULaE 1918 AL INeNmEnsSLasmaAlulad

UNINGIRYINVAYNYTUT U INNETIAAIUFTIUN

Paper Code/

International/

No. Time Name Institute Topic

Registration Code National
The preparation of hybrid material of

SSSCI2019 CH 7 Maha Sarakham Rajabhat

1. 11.15-11.30 - Pornpan Tana cobalt complex into mesoporous silica International
SSSCI2019 O 160 University

- from the rice husk
DFT investigation of toluene adsorption

SSSCI2019 CH 11 Maha Sarakham Rajabhat

2. 11.30.-11.45 - Pasakorn Sangnikul on silicon carbide nanosheet doping with International
SSSCI2019 O 182 University

- transition metal for sensing application

SSSCI2019 CH 19 Suan Sunandha Rajabhat The Effect of Viscosity-imparting Agent on

3. 11.45-12.00 - Jitlada Chumee International
SSSCI2019 O 604 University Textural Properties of Toddy Palm Syrup
SSSCI2019 CH 3 pAANS A3anwal Dusitporn o . BnsnavesEnsiuAufeaulRTsnavaiay

4. 12.00-12.15 - ) UNINYIAYLNWATAVARNT . - National
SSSCI2019 O 76 Srilak P9 TINA LU SR NENANTUY

12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor

SSSCI2019 CH 6 Yfun Aaudliay Chutima o . HaveINsUSUaN U ad B isisanis

5. 13.15-13.30 - - UPINYNRYAVANUATUNS - - . - National
SSSCI2019 O 140 Silamaneewet WUHANAAUINARAYBIAUTENBUNIAWAL
$SS5CI2019 CH 21 F¥51050] Usenazluua o . MsAnwIaINgNWALl U%mmﬂuaanuazqwé

6. 13.30-13.45 T UNNINGIAETIVNG WYTYT v - National

5SSCI2019 O 246

Vatcharaporn Prapasanobol

ATUBDYULNDATLVDINNING
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No. Time
1. 13.45-14.00
8. 14.00-14.15
14.15-14.30
9
14.45-15.00

Paper Code/
Registration Code
SSS5CI2019 CH_ 22
$55CI2019 O 243

$55CI2019 CH 20
$S5CI2019 P 147

$S5CI2019 CH 14

$S5CI2019 P 199

Name

UNung sondun

Pattamaporn Yodsanti
Wilasinee

Sathitdetkunchorn

nTe U
Ekkachai Achcha

Institute

UIMEFYTIVAYNYTYI

Rajabhat Nakhonratchasima

University

UINEIFETIVAUATAITIA

Refreshment Break

Topic

msUsefiudnen mnisiudinAsusuveedy
patudminmasys
MIATIEine™ wian wazwaaley Tuth
UIA1a tnemadnezaaudn wougasn
Fuawnlnsinlouns

o 2 v an e
AsiAdaUaeilawdanESAgILATHY
sonlonuunsraneniilelaeldnsindeu

Tnlin
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SSSCiZiTy

Conference Sessions: Mathematics and Statistics
Bongkotrat Room C, 2™ floor (Foeuanusmyl & Yu 2)

Chairperson Co-Chairperson

HYem1anI19158 AT UTENSR Lasay 919158 AT.YUNYTA HANTUTIY
MATYIVIEDH AYINeFEns Wnthanuigadaussynd angineiemansuasinalulad
WInendedauing UM TIAAIUFTIUN
Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 MA 1 a3ns wdnuaeAn - . deulvunsUssmsvesiledtunisuan
10. 14.30-14.45 - - UININYIRYNYATFAERNS National
SSSCI2019 O 12 Siriporn Lapouangkham
14.45-15.00 Refreshment Break
- KAYRINTIUTIAN TALMT N TeTiTinG
SSSCI2019 MA 2 L84 F9INTITNIS - . v Do - - B ,
11. 15.00-15.15 - UMINPIRY YN DINA AOMLUULTIALIAAIEAASAITUNSTEUInYDILSA National
$SSCI2019 O 17 Jedsada Sutjaritthurakan o
79
The Resistance Factors Affecting the
SSSCI2019 MA 3 Uiis F3mslnsiu I Adoption of Healthcare Robots
12. 15.15-15.30 - URINYIYUNAA National
SSSCI2019 O 77 Paniti Vichitkraivin Technology in Thailand Government
Hospital
$SSCI2019 MA 5 #ns WAL o . enanvaligailinduveseuius
13. 15.30-15.45 - URINYIQYLNYAIAENT National
555CI2019 O 86 Sitthikorn Nakkao
SSSCI2019 MA 6 wanwal A3iies Faculty of Science, General Solution of the n -D Pompeiu
14. 15.45-16.00 - National
SSSCI2019 O 107 Yaowaluk Srimuang Ramkhamhang University ~ Functional Equation
$S5CI2019 MA 7 Seyeyrdnwal nwgassal L. , ﬁﬁ]ﬂﬁﬁmﬂﬁﬁauiﬁmﬁ’ué’mwmwawu
15. 16.00-16.15 - 1IN aeLTe el , . National
SSSCI2019 O 153 Tunyaluk Thepsuwan INNYUY Y

The 2™ Suan Sunandha National and International Academic Conference on Science and Technology
-21-



No.

16.

17.

18.

Time

16.15-16.30

16.30-16.45

16.45-17.00

Paper Code/

Registration Code
SSSCI2019 MA 8

$55CI2019 O 171

SSSCI2019 MA 9
$55CI2019 O 173

$55CI2019 MA 10
$55CI2019 O 176

Name

ARINE AN
Sasiwimon Raokhetkit
Khontha

Rukchart Prasertpong

o a a L
IR Usslasgnee

Sayr¥ad Fusan

Thanwarat Chatcharata

Institute

UMINY R YTITUANERNS

Nakhon Sawan Rajabhat

University

U INESeT1v4Y
UATAIIIA

Topic

msfnwpudululdmassegmanslunis
antunouresnsindeuudilunssuiunisnn
Laud
loftanelusnuarmed-lafasuluuiging
Uszanauveshangumeldnnuduiusnien
nasuarAauLniila
Tu-lofasnuarlu-lefammesnluyiginig
Uszanuvesisngumeldnnudiniusnies
wosuazaauuwniia
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SSSCiZiTy

Conference Sessions: Physics and Energy
Bongkotrat Room A, 2" floor (F29UINU5AY 13 YU 2)

Chairperson Co-Chairperson

589MaN3197158 AT UUIN YN

ANURAMEINEIMansasnAlLlad NnINeIEIIYAUATAISIINIIY

Paper Code/

No. Time
Registration Code
SSSCI2019 PH 25
1. 11.15-11.30 -
SSSCI2019 O 164
SSSCI2019 PH 27
2. 11.30.-11.45 T
SSSCI2019 O 192
SSSCI2019 PH 1
3. 11.45-12.00 - T
$55CI2019 O 6
SSSCI2019 PH 2
4. 12.00-12.15 -~
SSSCI2019 O 7
12.15-13.15
SSSCI2019 PH 4
5. 13.15-13.30 -

$55C12019 O 16

S99FNANTITY AS.ASTE LN

Name Institute

Nattapon Chantarapanich Kasetsart Univeristy

Natthaphong Kamma Khon Kaen University

Pinyapach Tiamduangtawan NIV UINYATAERS

nade Inaziium - . .
) UUMINYIRYNEAIAEANT
Kullita Kolanan

ANENEINY AIndauayian umningraumaluladnszaeunaIsuys

) International/
Topic
National
Design and Analysis of Plastic Medical ]
) International

Tray for Implant Packaging
A Polymeric Coating on Prelithiated
Silicon-Based Nanoparticles for High International
Capacity Anodes used in Li-ion Batteries
s ianfidieunialiinseuniangg
FOULTUALBINN TANTIUTENOU Wodlaila _

. o . National
woaneged (PVA) Lavauuiseneanlyn
(Sm20s3)
mMenTiaTzilanzezlatumsmaianig
HeUUVDITEeNT uazndeganssAl National

aLﬁﬂﬁﬁa‘ULLUUﬁlaﬂﬂﬁﬁﬂ

Buffet Lunch, Rim Nam Terrace, 1% floor

' WIS T1U4Y
Wichan Lertlop o
OGN

msimuadymliinAnwsAuniiewmun
NadUnNEN NS EUYDITNANWITWTN 1 National

anidnduszendtnisfinw 2562
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No.

10

11.

12.

13.

14.

15.

Time

13.30-13.45

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

Paper Code/

Registration Code

SSSCI2019 PH 7
$55CI2019 O 37

$55CI2019 PH 9
$55CI2019 O 46

$55CI12019 PH_10
$55CI2019 O 47

sssci2019 PH 23
sssci2019 O 157

$55CI2019 PH 29
$55CI12019 O 136

$S5C12019 PH 30
$55C12019 O 155

$55CI2019 PH 31
$55C12019 O 224

$SSCI2019 PH 32
$S5C12019 O 237

$S5CI2019 PH 33
$55CI12019 O 249
$55CI12019 PH 5
$55CI12019 O 21

Name

oy vaAshY
Assawin Yodruk
afigh dunnivi

Apirudee Tentawechakit

g Uuge

Pisan Pansook

Swilng duan
atchaneekorn Punla
Pich Khoem
i ety

Ravipat Lapcharoensuk

UATUNT NRYIUAR

Makkaryn Kanchanasoot

B50UIA LEAUIIN

Ornanong Sanorchit

Petcharat Jaiboon

& a a 5|
Fuwg 1AaU

Ununs Indanin

Bantorn Chitsupap

Institute

1y Angnaewmalulagnsy
UNAMNSTUASHTR

UAINYNRYTTTUAERS

UMINY1SETTUAERS

Maejo University
aotumaluladnsyasu
NANIIRUNIMTAIANTEUS
Refreshment Break

UAINYNRBLNYATANERS

U INESeT1v4Y
WINERT

Sakon Nakhon Rajabhat

University

WIS TvAY
Fetlnl

WNIMYIRBYTIN

Topic

MIWALLARBIMARB AL UYLSR
Development of A Rotary-Bending Fatigue
Tester
nsUssiudnenImnIseusnENEaY
nsgifinw: Tsameuavessguunaive
NSUTEIUAUANANAATUFAENS VBa
nswasliihFefeuauuy wuade Tnald
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Faud
nsiawadkaeindiuwesevalndlagly
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A

nseenuuukarUssendldiwadininganim
AN egunsallwiu st
MsmduUsEaNSN1sanneusEwNLLUD
uruEulevudeeiu Baso4d Taeiltngnsnisn
[ @

Wumuseanu

Effect of drying temperature on quality of
RD6 variety brown parboiled glutinous
rice
malssuliisudnenmiadindadldun
ndnTnmanuald
NsAUALATBIUTUINIALUUYIEta 59

& 44' 9 9
anudusiiiontsuszndanasaulii
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National

National

National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Biology, Biotechnology and Microbiology
Busabongkot Room B, 2" floor (ﬁam‘lﬂ‘mﬂ‘d U YU 2)

Chairperson Co-Chairperson

AYemans13158 as.de gula 819158 AT.UUNITN F51555H

AMAITVINGT AMLINYFIENS UNINedELAnG

Paper Code/

FntanuninTive augdIneimansuazmalulaguninedesivdgaiuatiun

International/

No. Time Name Institute Topic
Registration Code National
SSSCI2019 BT 1 Vil 83Ty W INGIRETUAY AIvaINaIBvesyiaiugUaninly
1. 11.15-11.30 - - 5 P National
$S5CI2019 O 19 Ruthairat Siriwattanarat auan ARDILAURAUNUTINTUNNUNUAT
SSSCI2019 BT 2 Pornsiri Bumrungtham o . ASLAAL NISUEAIDDN WAYNNSANYIANYME
2. 11.30.-11.45 - — . UANINLIAYTITUAENS - . National
$S5CI2019 O 28 N3A3 Urgesu 093N TUULVLNUULUE
. o . nsAnwIaNTRUIUIENSURINLENGN
$S5CI2019 BT 9 59NTIU NBIYY Rapeepan UM N1V 4 oa - 54 P
3. 11.45-12.00 -~ - - WULLDANWINNLLNATEY) mﬂgﬂiuwuwmﬂ National
SSSCI2019 O 89 Kongtoom NYUIUIBUUS y
- priunnUesUsyivdlng
SSSCI2019 BT 11 Krit Phinetsathian newal UIMEIRE 1V ANUMEINUAIENITINTNYRINY L Ed DY
a. 12.00-12.15 - - - v e National
$55CI2019_O 103 Aunsianas ANAUAT Jminanauns
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1% floor
AMNENTO UM IAULIALUIUEIUATS
gudsmaviauveseulaianiniiutiu
SSSCI2019 BT 12 Araya Pranprawit Suratthani Rajabhat 24 . .
5. 13.15-13.30 - - - viostululminuil vy 9 duagunzia 8ne National
SSSCI2019 O 108 91581 U51uUseIng University -
- 1Wag
Janingsugiond
SSSCI2019 BT 20 Asro Hajiabdullah o . ASHARNSATNTTRNIINAINEIRNAMELTD
6. 13.30-13.45 - - URNINYIRLEVAIUATUNS National

55SCI2019 O 141

9958 vizBdunalany

Actinobacillus succinogenes
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No.

10

11.

12.

13.

14.

15.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

Paper Code/

Registration Code

$55CI2019 BT 21
$55CI2019 O 144

SS5CI2019 BT 28

$55CI12019 O 220

$55CI2019 BT 29
$55CI2019 O 222

$55CI2019 BT 31
$55CI2019 O 225

$55CI2019 BT 33
$55C12019 O 229

$55CI2019 EN 15

$55CI12019 O 106

$55CI2019 BT 38
$S5C12019 O 245

$55CI2019 BT 39
$S5CI2019 O 247

SSSCI2019 BT 32

$55C12019 P 228

Name
Soilng @ndl
Ruchnekorn Swami
fariun fde

Kaltima Pichai

AQa91 WALWNG

Kanwara Wongpaet

Peangjai Jianwitchayakul

a a a
wiedla Fesivna
UM MU
Rungnapa Tagun
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Kittima Ketsa-ad

Tnsgne e
Krailerk Taweechue
Ny93E7 A1
Pornariya Chirinang

143 guileslaWatcharee

Hanmoungjai

Institute

UM INYIRBYTN

W INedesvin e

Iedesvin e
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Refreshment Break

WINe§e A e

UNINEIS8UAnG

IR TIVANYTYS
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W INedesvin e
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v & & a a
nsfudadeuuaiizevesinlalegniuain
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Synechocystis sp. PCC6803
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Tun1sadreansanusaiaiadanim
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National

National

National

National

National

National

National

National

National



Chairperson Co-Chairperson

No.

1.

SSSCiZiTy

Conference Sessions: Environmental Science & Technology

HYILAEnIINTeIAng Yulles

ANURRMEIMEIAansLavnalulal Wine1desvigedlng

Time

11.15-11.30

11.30.-11.45

11.45-12.00

12.00-12.15

12.15-13.15

13.15-13.30

13.30-13.45

13.45-14.00

14.00-14.15

Paper Code/
Registration Code
SSSCI2019 EN 1
SSSCI2019 O 22
SSSCI2019 _EN 2
SSSCI2019 O 34
SSSCI2019 EN 3
$SSCI2019 O 43
SSSCI2019 EN 4
$SSCI2019 O 48

$55CI2019 EN 5
$55C12019 O 50
$55CI2019 EN_6
$55CI12019 O 53

$SSCI2019_EN_13
$55C12019 O 105

SSSCI2019 EN 18
5SSCI2019 O 116

Busabongkot Room A, 2nd floor (ﬁaeq‘wan% 0 VY 2)

HYILAIEnTINTE AS.iAUNIEY gn1sana

Name Institute Topic
nhing Iuanse UNINRYT1U6Y MTAATITURUETY IR aVNEsEAUT IR
Pornthip Wimonsong qaugsond vowszwmAlny
AUy Laduten . Asuantglamudin nannvesdeni
WTInendewding

Chamnanpong Chalermpow NNTNYATLAEYAFINNTTY

Amsann g1l Sakon Nakhon Rajabhat wINNNsIANIsYEENeluLiIneNdy

Phatlapha Thanwised University ﬁ?“ﬂﬁgﬁﬂaum

Suan Sunandha Rajabhat Mining waste separation behavior related

#iua AURAl

Suwimon Kooptiwoot University factor
Buffet Lunch, Rim Nam Terrace, 1% floor

neng daglning unInedemalulag nsussifiumiveulanIwiInANTIIes

NILIDUNABTUYS

Suan Sunandha Rajabhat

Todsaporn Neelapaijit AANYUTY

g AURA Development of a garbage bin selection

Suwimon Kooptiwoot University expert system for waste separation

. . ANTIATIERANIANLALYDINUNAY GIS
QU aUURA i o a4z B

! Thammasat University Wisdenfindlssnunusvezyaneedy
Vivian Chullamon . _ -
nasnuludmiauyusiil

AsUsTiuUSINansn waskansenu
Aphiranan Phongjetpuk Mahidol University

suANUIALAaN lunsHaRnTELElNTN
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No.

10

11.

12.

13.

14.

15.

16.

Time

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

Paper Code/

Registration Code
SSSCI2019 EN 22

$55CI2019 O 145

SSSCI2019 EN 23
SS5CI2019 O 148

$55CI2019 EN 26
$55CI12019 O 166

SSSCI2019 EN_29
$S5CI2019 O 184

$55CI2019 EN_30
$55CI12019 O 186

SSSCI2019 EN_33
$55C12019 O 203

SSSCI2019_EN_35
$S5C12019 O 243

$55CI2019 EN 17
$55C12019 O 115

Name

Inyad udumay

Paiboon Jeamponk
WWENT HOUNU

Walaiporn Phonphan

MY 2fdeIn

Nich Wongsongja

1510501 Infa7ns

Waraporn Kosanlavit

ugns nvenady

Naruporn Wetchayagulchai

5w 1w3glnasnw

Nitinarth Charoenpokarj

Inuns sendun

11e1 gonys

Wanida Chooaksorn

Institute

U109
AU

U189
AU

Refreshment Break

WM I VAWM

U149
UATTIEIN

UAINYSUFTTUAERS

Suan Sunandhda Rajabhat

University

UINNRYTIVAYNYITYT

UAINYUFTTUAERS
AudSsEn

Topic

wansenuangymnnznuanaiudetlyn
gunmewteveUsvrIruniISuUINg
Alsaneruiadeauey Samindosey

a a & A
n1seanuA1siasuLUasnunUITIBaY
Jarinayvsainsumewmalulagnsdsig
syuglna

N3ANYINSNEIUTINVDIYUTUINUE AL
warduandonusnaseulsdluiimanh
Woursueiuns Sminmeyauy3
Promotion of Community Participation
for Saline Soil Remediation by
Alternative Technology of Bio-Organic
Fertilizers and Nano Material at
Krabueang Yai, Phimai District, Nakhon
Ratchasima Province
msdenmaluladinmnfivsaudmiu
mswdsvezyadesdundsny nadifinw
Jainunusil
ANUVAINTTA AUYNYUUALAIIUATILARS

YDIUN Tuﬁuﬁagmﬁmmuﬂ Uinaels
nzla Lﬁ@miaﬂﬁﬂﬁua%miﬁaﬁLﬁ?iEJ’JL%&ﬁL’Jﬂ
gunaiiles Swminaynsasasu
mMsUszdiufneamasiiuinasueurady
Mt InNY YT
nsAnvaunwimndidmenwieny
USWINTOU WNINeNdessIuamans aud
SAGL)
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National

National

National

National

National

National

National

National



SSSCiZiTy

Conference Sessions: Food Science & Technology and Home Economics
Krungthon Ballroom, 3" floor (ﬁaan@asuuaagu du 3)

Chairperson Co-Chairperson

FOIMNANTINNTY A3.5TAMIUL 299D 9191380 A9.5UA1 ATy Wntharivingimansuazmalulagnsens

AURRMEINeIMansiasmalulad uinerdevdgiyaaey  augivermansuasmalulad unnInendesaigaiugiun

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
The effect of extraction methods on
SSSCI2019 FT 19 Suan Sunandha Rajabhat
1. 11.15-11.30 - T Supatchalee Sirichokworrakit phenolic, anthocyanin, and antioxidant International
SSSCI2019 O 114 University
- activities of Riceberry bran
e Y AnwrautAnisnienw wedl wag 1nwuin1sues
SSSCI2019 FT 1 U35 avgw? A Do o« y -
2. 11.30.-11.45 -7 UMINYIRYIIER utlaunungtu Wethuuvuiutsandursdiulu National
SS5CI2019 O 8 Thanawee Loikaeo o e .
NARNUNYUUBY
.. . o . uinnssumsudnnseiieandenlstundau
SSSCI2019 FT 3 Ayey1ivs wwsIngal UNINYIFYNVAY . . . o s
3. 11.45-12.00 T . Suusemu meweluladnisnenmendels National
SSSCI2019 O 29 Kanyapat Petcharaporn AUFUUM o
- U (Air Fryer)
. - . ASANWIINTIETMMINTANNSHARLINS NAY
SSSCI2019 FT 5 INNUA YW UNAINYIFYVAY . e o e w4
4. 12.00-12.15 - v . LTRFNTUNEIURUUNT NIELTIFUAIBLATDY National
S55CI2019 O 38 Jutamas Moolwong AUFUUM . o v
NIAILUUGNNET
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
SSSCI2019 FT 18 >ANS nananing UM INeEY naveIMswisuuugBonudenonuns
5. 13.15-13.30 - - v . N . . e National
SSSCI2019 O 104 Choosit Hongkulsap TIVNLEIUGUUNT AIVDIANTANAINN ADNNTTLIYY
SSSCI2019_FT_20 aigna Uszinadng N INgay msmuanilaenisldudaiumadinuas
6. 13.30-13.45 - . . . - National
SSSCI2019 O 146 Nattapol Prathengjit VN EIUGUUNT uihgraunundeana
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No.

10

11.

12.

13.

14.

15.

16.

17.

Time

13.45-14.00

14.00-14.15

14.15-14.30

14.30-14.45

14.45-15.00

15.00-15.15

15.15-15.30

15.30-15.45

15.45-16.00

16.00-16.15

16.15-16.30

16.30-16.45

Paper Code/

Registration Code

SSSCI2019 FT 21
$55CI2019 O 172

$S5CI2019 FT 22
$55CI2019 O 174
$S5CI2019 FT 18
$55CI2019 O 104
$S5CI2019 FT 14
$55C12019 O 88

SSSCI2019 FT 26
$SSCI2019 O 191

SSSCI2019 FT 27
SSSCI2019 O _207

$S5C12019 FT 30
$55CI2019 O 242
$SSCI2019 FT 32
$55C12019 O 248
$SSCI2019 FT 12
$55C12019 P 73
$SSCI2019 FT 31
$55CI2019 O 244

SSSCI2019 FT 28
SSSCI2019 P 227

Name

1903 3vsnsna

Worakorn Wiwatcharakornkul

F3gns yuduniu
Teerayut Poonjunna
191050] A9eEBUN
Waraporn Songsriin
ATDIANAT AATUNUN
Krongsakda Phakthanakanok

o

TUR wiEITT

Wandee Kaewsuwan

230Uty Aauasyingea
Arunchai

Tangcharoenbumrungsuk
AAUST FAUSH1

5HA1 WYY

Tuiennsal wWaauag

Nanyaporn Mueangdang

AAUST FAUSE1

viiug Buniusedns

Khanittha Inprasit

Institute

PHIANTUN TN

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE
FIUAYUATATTITNIIY

UNINEIEE

swigustusends
Refreshment Break
Nakhon Sri Thammarat

Rajabhat Univerisity

WNINYIRE VA ATUNS

UIINIRYTIVAYNYIYT

UIINIRYTIVAYNYIYT

UMINYNET19A
ETGERGERH

UIINGIRYTIVAYNYIYT

NsANEIMERSUSNNS

Topic

aeRuileviiiuend qrsdnuoyyadass
wavUSiauansussneuiiuedniionun ves
nonld 5 alialufinainas
AMINAIUIHNARSUluUSE Development
of Pra Butter Products
nsldngnUsenaunurIauaudlui
594

NAYDINITOULAIRDENBUE U259

wulmlusieaanumidulyse

nssuiEnsHandednvaoduiaves
ndrgauyuklanen
nsAnwuiteganadululslunsly
dursuseaUninsalnUuasAluamindilu
%qﬂq%mqgﬁmamﬂumisxuLméaéfuma
0391 voULES

Ashdueaineanaunuimansieluvunig

1SV ULL DNy S

mnaunuudaiudendamengniuly
aenvaddenlus
mMsmuviaieaua MmNt lnasen

AsAnwautRasansNaNsYIelans
Inuaiulalasreanssnlunisuiulsuile
AudavearuNUaIg iU UNTBU
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National

National

National

National

National

National

National

National
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National
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SSSCiZiTy

Conference Sessions: Sports and Health Science

Bongkotrat Room B, 2" floor (Foeueanusny U YU 2)

Chairperson Co-Chairperson

As.nANa dadgtey 819158 AS.AUNGY SRzl
inidevosfoRnseniugmansuasmaluladtanmdn i Fntaa Iy IngmansnIsinILasaunIn
AugRuUTIMNsIukazAllagYIn iR (BIOTEC) AEINEAmaRswazmAlulal unIne1dusvagaIugIu
drinauimunIneimansuazmaluladuiand (@mne.)

Paper Code/ International/
No. Time Name Institute Topic
Registration Code National
SSSCI2019 SP_15 Biomonitoring of metals exposure in
1. 11.15-11.30 - Churairat Srimanee Mahidol University International
555CI2019 P 128 Aranyik handicraft workers
. YARNAN 5 35 warn19AnIsANLTALES
SSSCI2019 SP 1 UMINYRY Y - o . a
2. 11.30.-11.45 - Jatuporn Ounprasertsuk o o VDIUNANY mm'mmaa‘awﬂgwwuﬂu National
$55C12019 O 11 Ui gaugiiun
- Uszinelny
SSSCI2019 SP 2 UMINYI§Y The Development of Line Application
3. 11.45-12.00 - Luckwirun Chotisiri . . National
555CI12019 O 15 VA FIUGUUN for Home Visit among NCD Patients
N HAYRIlUTUNTUANINAVADNEFNTTUAS
SSSCI2019 SP 5 1Inede o . . .
4. 12.00-12.15 - Wachiapom Chotipanut o o ENLﬁim?jsﬂﬂWW%MQQQ@’]@UWWU@‘UNUN@ National
SSSCI2019 O 23 Ui gaugiun .. Lo
T DUNDIUNIT W INAYNTEIATIN
12.15-13.15 Buffet Lunch, Rim Nam Terrace, 1° floor
o . ngAnssumstoaiulsalumiues
SSSCI2019 SP_ 9 NIENG NI Mr.Phoowasit UWINYNY Do .y,
5. 13.15-13.30 - ? ? . Usgnvunguideslusuaiinou National
SSSCI2019 O 33 Phoolawan FVNLFANAUAT

gneiles Tarinanauas
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No. Time

6. 13.30-13.45

7. 13.45-14.00

8. 14.00-14.15

9. 14.15-14.30

10 14.30-14.45
14.45-15.00

11. 15.00-15.15

Paper Code/

Registration Code

$S5CI2019 SP 29
$55CI2019 O 219

$55CI2019 SP 30
$55CI2019 O 233

$S5CI2019 SP 31
$55CI2019 O 232

SSSCI2019_SP_ 32
SSSCI2019 O 238

$55CI2019 SP 33
$55CI2019 O 241

$55CI2019 SP 8
$55C12019 O 32

Name

AT Tewd9A

Dawinee Chinnawong

wndns lveu
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) I3 PN
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UNINRY

A auns
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d3uss

U INENSYTVY
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Refreshment Break

UNNANYIRYVAY
augum

Topic

nsenexaveshiugmeninlugtiede
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duaSuavnmiiuany snnedave fmin
auns
nMsiaugULUURINTSuduESHaun mlag
N3EUIUNTHAIUTINYBIEIDY MAUIA
suanuestn gunelveusns Jmin
Wetlnl
wavesTUsunsunsBamBennduiilo
danaraNsInNINNINLYRITINANTEAY
iseuAnwnimiauassvdin
UszdviEnavesguuuun1sdnnisisouns
aoulagldtamidundnEeimsguasn
ftheszuuiilauasvaenidonsernadugy’
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ANAUNIUNNE IeNFNTA51I0UEY
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International/

National

National

National

National

National
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a 2" conference
SSSCiziie

No.

11.00-16.00
13.00-15.00
15.00-16.00

Paper Code/

Registration Code

$55CI2019 CS 22
$S5C12019 P_142

$55CI12019 CS 27
$55C12019 P_159
$55C12019 CS_30
$S5CI2019 P_165

$55CI12019 CS 33
$S5C12019 P_211

$S5CI2019 MA 4
$55CI2019 P 78

Phanurangsi Ballroom, 1* floor front area: ntiwinsUssgun1y3eE 4u 1

Conference Schedule: M%UANI

Poster presentation for participation

Topic

msSuuntndnmmunadnuasuas s
Seou ngldmaianisduundeyamedsaull
msanaula nsdAnwin@nwumiine dy
wan1sAlneg
Tunansyiewginssuanudssnsiie
ANMEAMIATIANIINITIEBS
madsggnatsnsieladdmiviansalunis
SeunISaoU
nsiUSsuisulszansamnisyinuneduiin
fumigdwidnlensuuaannedinsiidulay
THlaseneussamiisunazgendiasng
Yiuned
firupRuazngAnssuvesddnsesrulsygyns
UATINTEYIN ﬁﬁﬁiamﬂ%ﬁmsiaﬁ
Tngansiuniengavme ($9dn) - unauau

Theme

Computer Science and

Information Technology

Computer Science and
Information Technology
Computer Science and

Information Technology

Computer Science and

Information Technology

Mathematics and Statistics

Poster presentation for evaluation committee (UaUBNANULAZN1IATIVAALLULIAENTTUNTINTIALA)

Poster presentation awards ceremony (WSNaUT At ausranUITINITUTELANIUAMDS)

Name

#3559 1a3ny5mul

Sirithorn Jalearnrat

AUAUA JUNSAYYING
Somjin Junatarajessadkorn
an1SPU INRIUING

Sakauwrat Jongpattanakorn

alging Tawn
Natthawut Soha

USendnil urmaassal

Preyarat Naksuwan
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No.

10.

11.

12.

13.

14.

15.

16.

Paper Code/
Registration Code
SSSCI2019 MA 11
$55CI2019 P_189
$SSCI2019 MA 12
$55CI2019 P_193
$SSCI2019 MA 13
$55CI2019 P_205

SSSCI2019 PH 8
$S5CI2019 P 40
SSSCI2019 PH 11
SSSCI2019 P 64
SSSCI2019 PH 12
SSSCI2019 P 65

$S5CI2019 PH 13

$55CI2019 P 66

$S5CI2019 PH_14
$55CI2019 P 94

$55CI2019 PH_15

$55CI2019 P 110

$55CI2019 PH_16
$S5CI2019 P 111

SSSCI2019 PH 19
5SSCI2019 P 131

Topic

Stratified Unified Ranked Set Sampling for
Asymmetric Distributions
AudNiuS IR UIeULaz AU
TutidanuUas
nansznUTesUInaWuTiinaerauuy
dmsulsale wih Un
mamsenliiisnanwanafin wagidule
ALk

Energy Absorption and Exposure Buildup
Factors for Coconut fiber gypsum board
Evaluation of radiation shielding properties
for samarium bismuth borate glasses
Evaluated shielding radiation and
exposure build up factor for La;O3 based
glasses

Energy Conservation of Split Type Air
Conditioner in Mechanical Engineering
Department Building of RMUTL Tak
nsUszgndIsmMamaanmenumulnihves
%uﬁul,ﬁaﬁumt,mﬁaﬁwmma wagMsLARE
WA

Development of quantum mechanics
learning by integrated teaching using
normal scattering effects on charge
transport in a metal/superconductor
junction
UsvanSnmueaniedosTiuiauaasesn

WYY DINAINLAAE D TIIN9ASINYAT

Theme

Mathematics and Statistics

Mathematics and Statistics

Mathematics and Statistics

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Physics and Energy

Name

Chainarong Pianpailoon

alngdld A
Nattinee Khongnual
AnfAnNs wawny
Kittipat Pondach
FNAY A9

Singhadej Tangjuank

Kittisak Sriwongsa

Kittisak Sriwongsa

Kittisak Sriwongsa

Yuttana Sriudom

suind Sygadiu

Thanawat RangSungnoen

eyl Feas

Panupat Chaiworn

WIEANA Inayns
Pongsuk Jittabut
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Some Conditions of Additive Functions on Prime Rings

Siriporn Lapouangkham?, Utsanee Leerawat ?
Department of Mathematics, Faculty of Science, Kasetsart University, Bangkok, Thailand
E-mail; siriporn.lpk26@gmail.com, fsciutl@ku.ac.th

Abstract

The aim of this research is to determine the characterization of additive functions
satisfying some identity on prime rings. The result is as follows: Let R be a prime ring with
characteristic is not equal to two and / be a nonzero ideal of R. If f is an additive function
from R into R satisfying f(x)g(x) + g(x)f(x) =0 forall x in I, where g is an
endomorphism of R with nonzero on I, then f (I) = {0}.

Keywords: additive function, function, ring, prime ring
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The effect of masked campaign on mathematical model
for the transmission epidemic measles

Jedsada Sutjaritthurakan
!Faculty of Science and Technology, Phuket Rajabhat University, Phuket, Thailand

E-mail; toy.jedsada@gmail.com

Abstract

The objective of this research is to develop and evaluate the stability of mathematical modeling for masked
campaign on mathematical model for the transmission epidemic measles. The model is analyzed using standard methods,
the Equilibrium Point, stability of the Equilibrium Point and numerical solution are studied.

The mathematical model analyze’s result found that the Equilibrium Point has no transmission when the level of
the disease reading is Ro=0.1114<1 which means there is no transmission of epidemic measles at this point. On the other
hand, the Equilibrium Point has transmission when the level of disease reading is Ro=10.417>1 which means there is a
transmission of epidemic measles. Masked campaign is the major factor on the mathematical model’s result. If the more
people who has potential to have epidemic measles transmission has knowledge about masked campaign and follow the

hypothesis suggested, the transmission will be decreased until there is no transmission at all.

Keywords: Mathematical modeling, chickenpox, control the spread

2-10



uniin

Tsaradulseldeentiufinuvesludngn duindulsaiiferudfyunnisands  wsrenaillsaunsndou
Wlidadetinlfiinandoltaimeastes) %aaﬂiumzﬂa paramyxovirus @y ma s ﬁ%wuléﬂmuﬂ uay
mma‘uaqmma lsanfnronuladeunn I@amﬂa RRFt ‘ViiE]WG]ﬂquiu ylnadin L‘ZIE]l’Jiﬁﬁ]uﬂﬁuﬁ]’]EJ@EﬂUﬁu@@ﬂLﬁlmu
mam mawuaqwma waztihgdsnenielaenianismela mammaa&ﬂummﬂ dlemelaenavessiivudowde
hia @@ir borne) WAl dulsala QGIG]LTE]R]UL‘U"LﬂiﬂLﬂE]'U'VJﬂiﬂﬂﬂﬂVLlJiﬂiU?ﬂ‘UuﬂadﬂuiiﬂLﬂﬂNIE]mEWUL'Uu‘VIG]
Ié’LﬁaQﬁﬁuﬁ'u‘ﬁm'wummﬂLLaJ'meLULﬁamqﬂixmm 6-9 Liou mqﬁwuﬂaaﬁa 1-6 ¥ dladgfidnumuazdulann
918 Tutszndlnesuliiadutieatuin dlo wa. 2527 guRnisalvedlsaanaadusvuuninaanigluen
g1 5 U wiftdeulsaldUssuse uasiimassuinduadinsnlumuun flhefinudndngasdudndidlils
Sutaiu wosuwdnengiu 5 U anndu flhevnaziideldaludaouasunddioldlussozain 12 Fu deuflazdy
floms (3855 revfiuiu) TWassozndsiiuiuud ¢ Suszerilndrvedsa  anfisuduialsnaudedionns
Uszana 8-12 $u wasaniuitduiaoudadiiuintudsyana 14 N

anssusedild ﬁﬂ;dﬂlm 1o MRS AL LAZNAILES BINTANNE %mn%uw%fauﬁul%@ﬁu WawazEd
uisletiiudulusud ¢ vedld ﬁﬂwmxﬁuﬂéuum (maculo-papular) Aafuduiiug Tngazdufivi Usnadnveun
wduknszelunudish wou 1 defiuwnsnsyaneluias Sdiunauseana 23 u dfezisuana Audl
svezusnilduncasiiddiny  (Judunedn  viethnauns s‘z’iﬂﬂﬂaguwu 5-6 44 nnavaemelurun Aunan
Uszanad 2 dUasi mm%y’wzwuﬂmﬁaaamﬁusqa MInTIatusEYy 1-2 U ﬁauﬁuﬁu%wuqmﬁmq 1an9 fvoud
uas ogflunseiandu e (kopli’s spots) Fsaztngliifadelsainldnoufiasdiutunsuniunslsn, 2558)

mstestuiidfenuiiiulsewn wazauiiduialndnasazauninmnewiiodesiunisiade Tnsans
mniimsseuiavedlsavin  Asdunaazauanuluaseuaiiegndlndln  warlviaumihnineudedesiunis
wnsnszaeideluoma msaumihnmnewtediefiornstheduld vde lo 99 avtheanlenanisuninszaneves
delsaszuumadumelald msgvndihgliaunihnneuntvuneiloviony  asaunsounsidesoniuldlng
1-5 w3 ylFTeglnddnileniasuideussthodulsald vnuansitevesesdnisewndielan wuinislautinn
auslvannsaannsunsnszederiinuniuazessles 1addesay 80 fulu wihmnounle Sufueissdleaths
wieflanansadestunisunissuaveadelsaldiluegnad

Tunsfnmededl Adeldvimsfnundeyavesitiefldrununnnsmiessaguiudd wa 2557
B9 ne 2558 wiewtadruuuiiasmendnmanidmiunmsunssruinvessaiaitinanensidvthnineunse
dotluffudeyadoslunsdostulsn  ansuudthouadddifudeyamednnismugivaiinnfnlsaves
UszinalngigiiniavedsaiiiiszSwesnadiingsuinive nsueuaulsn nszvsnassuguioly

IngUsTaIAvaInIITY
1. WeRaufmLuUandineansnisungseuinvadsarn i dunaainnissausidnisidvinnineunse

2. WD BASIEAENYTNINUBIFLUULTIAINFAIENSNTLNT SEUIAYBILSATRNTINAR NS Ig NN B UNITe

521 08UD Y
msduiunifelundsd Adefnwmuvuidsedamanimaunsssuinvedlsevin lnefisoduiunizau 3
Funeu il
L.nswadwuuBadinmans §I3ulaanwiuauninlung SIER wansauduiusvesesAusenauly
fauu fail



(1~ @)BsI of y

1S u wl HR

AN 1 LERSLEUNNANUAURUSYDI99AUTENBUNISTUINTTEUNNVDILS AR

S(t) Wiy Snueuilidssensinie o van tlag

E(t) Wiy Snueuiiiadeursliuanieints a e t a9
It) Wiy Suaueuiiiede & e t 19

RO wiu Swoueuiiligfiduiuvdemneainlsa a ban tlag

2. MIATIVEDUAMUULTIAAAATENS

NNINTIVADUM L UULTIAAAAIANTNITLNTTZUINVDILTANRA %’mﬁ’lLﬁamaﬁmaumwgﬂﬁawmﬁaLLUU
azﬁ?uﬁi’ﬂLfluéfaqﬁﬂLﬁumﬂmﬁﬁmmfﬁLﬁ'méﬁ’aqﬁumam%ﬁiﬂamq Tuiddeisniudosdnuuuidndamans
nMsunssrIaliTsmaeaaeuaugndeda tnszuiaine
uaztnAfnFans

3. NITAATISARWMUULTIAAAAIEANS

mMeeifuuudedaeansinandelufifunsinsgimuuuuaasgiu (standard method) Tng
ﬁﬂmamau@aLLazﬁﬂmLaaaimwmamﬂauqmﬁamLﬁaulwaqmﬁﬁL@@%ﬁmwamaaf«mamaﬁu JEERRN
AATIZRAZIAINDULTIFAVVDIRILUY

3.131ATRMUUUUNINTFIY
msAnImANgaLnauasAatissnnosszuy HNE
3.1.1 gaauga (Equiliorium pointilumsmaeaugalaglizsnmsduingsh
Ielnednaunsdseyiusilinnnisulasannisvessanuuluel Tty qud 49
65\ dE_di_ R
dt dt dt dt
iagldAannsudaunsassan Ae Ausniduivivlvienaugalifilsa (Disease free state : E,) Tunsdifilaidl

1254 yaauganlufiwe Afigeaduaiviligeaunaiinnisssuinvedlse (Endemic disease state : E, ) Tunsdin

nauRndeiaduun dufugeaunarznaedunsszuiavedse

3.1.2 \efisnm (stability) Tnemsmendnuaizianzdsanansomldanaunmsdnuaziamsves
mladeuuning det(d — Al ) = 0 Tngldisnsduaniieasurefnouvesaunis ierfuAiauauga Lite
n19aeUINTU Local asymptotically stable

1nnsnsaeulouly sglfaunmsdnvaiany Weswndeinmadeuiaisninuesszuy
Taggan Adnuaizienzveslafounvinddeaduauuazaonadosiuteulves Routh-Hurwitz Fsasnsauus
b 2 el weil

3.1.2.1 Local asymptotically stable vesynaunaliiilsn lngn13ns19geudn Adnyziane
yosladouuming u anneilifllse (E,) Faazlfaumsdnvazions wadldmdnvazianzveaniladouuy

3ndaonndasiuioulavesRouth-Hurwitz Insdnvaziameynardeniuaviwzaonndosmuiouly Ry <1 &

anunsadualdainlusunsudniagy Mathematica
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3.1.2.2 Local asymptotically stable vps9naugaiiflsa lagnisnsavaeuitddnuuzianis
yosladounmdnd w anneiiinsszuevadsa (E,) axldaunsdnvasziamzan det(J — A1) =0 Fin
Fuuszansvesaunisdnwasianiziiuavdaonndesnudeulaves Routh-Hurwitz d1mSuanilldanuinas
R, < 1?jqamﬁaﬁwmmlﬁmﬂiﬂil,l,muﬁ’]L%ﬁ]gﬂ Mathematica

WNan1539e
A15E519AIUULTIAAANENSVINITUNTTZUINLSANA

AN 2 LEASLAUNINAMNAURUSVDI9AUTENBUNITUINTSEUNNVDILSATA

NN 2 Releadumsddildeimgiineitedlaun fnssnandinedinmansuazyaainsmensunmeg
FIUATIVAULHUNMNAzANNTITeuRus U lBudY WeWeivynsivaeunasiitowduanue {idelavinnis
wily YSuusamnudugiudnhdmuuuindamansnlauninseinadtunsgu 8991na1m 2 lassuuauns

Weeyiuswuuldigadu fal

dd_?=7z_N_(1_w_)ﬂS|_ﬂS ............. (1)
dE

E=(:|_—zy)ﬂS| -E(c+pn) (2)
dl

i ()fE _ | +u) (3)
m (v +n)

dR

= —A=yrR (4)
ot A—u

&R _,

dt

o

T N =S +E+ 1+ R31naun1s (1), (2) wag (3) uaz (@) fideandunsimsesiiiuuidnsamans lanadail

1. 3aauqa (Equilibrium Points)
MlesgidLuudndamansilunsinseinuuuinsgiu (Standard method) nefinwngnauna

wagfnwialivsnmveeaunaiientoulvvesmnsimesimuzauivynaunaiu lagldigdaimneiuagm
ANRBULTIF AV ILUULTIADAAENTVDILSANR Iumﬁﬁﬂwwmmaﬁﬂéﬂma%’mammi (1), (2), (3) wag (4)

mesurile whiuaud

AUl as = O,d—E = O,d—I = O,d—R =0 azlo
dt dt dt dt
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N =S
(@-@)A+ )

L-z)faN
(A-@)Bl + p)(o + p)

ol-a@)faN —(y + u)(o +mp _ |
(r+u)(o+u)l-@)p

R:A ............. (8)
Y7,

1.19naunakifiie (Disease Free Equilibrium : DFE Point)unusie E (S, E, I, R)

fuual 1 =0 Tuauns (5)
S= N f\wl@fS=ﬂmﬂﬁ:u gl S=N
(A-@)pl + 1) H
wiu | =0 Tuauns (6)azles E = (—z)AN awls E=0
(A-a@)Bl + p)(o + )
wnuAn | =0 Tuauns (7) R = A s R=0
u

- E,(S,E,1,R) = E,(N,0,0,0)

ANULADESUBIIEUU (Stability of systems) ﬁﬁ;ﬂ E,(N,0,0,0)
nunIngaladeu (Jacobian Matrix) Anuunli
F.(S,E,I,R)=2N —(1—-a@) /Sl — 1S
F,(S,E,I,R)=(1—-a@)/SI —E(c + u)
F;(S,E,I,R)=cE - 1(y+ p)
F,(S,E,I,R) =4 — 1R
NsauUnsngan el o ﬁgmamahjﬁlf'?jya E,(S,E,1,R) =E;(N,0,0,0) aslat

—u 0 —-(l-a@)pN 0
j 0 —-(c+u) (L-@)pN 0
o o ~(y+u) 0
0 0 4 —u
—u—-A 0 —(1-a@)pN 0
det(), 1) - 0 —(c+uw)A (@Q-a@)PN 0
0 0 o —(r+p)A 0
0 0 v —u—A

y = (—u-D|(u- Ao+ Ay +mA)] = 0
i A =—p A, =—u Ay =—(o+ u), Ay =—(y + 1)
2, =—-0.0000372 , A, =-0.0000372 , A, =—-0.0670372 , A, =-0.3300372
R, =0.114
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fl ¥
aa A

1.2 yasunaniiiyelsa(Disease Endemic Equilibrium : DEE) unudae E, (S*,E", 1", R")

fisan 120, 1>0 azla S = ™ - JE" = (1—w*)ﬂl*7zN
(A-@)pl" + p) (Q-a@)Bl" + p)(o + )
- o oQ=@)fIN -y +p)o+mp o ne _A”
r+u)(oc+p)l-o)p u

2. AIINIATEAUNTAALYD (Basic Reproductive Number (R,)

dX
T =FOO-v)

o F Al uvinduessuudtaeiifindy
V fle windvesiiuaugtheiiasuanuzanngumisludnngunia
S 0 “aN + (L-@) S5 + 48
E 0 E(o+
X =| | F(X)= V(X) = (o +4)
| (1- @) CoE 1y + p)
R 0 A IR
mevEndaladeures FO uaz VOO Bl DFO) = F uay DVX) = Vv aglddail
0 0 0 0 Q-a)pl +u 0 @-a@)pS O
0 0 0 0 0 (o + ) 0 0
F= way V =
Ql-a@)pl 0 1l-@)pS O 0 -o (y+u) O
0 0 0 0 0 0 -y 7
MAnUnsngalAleuTes F way V ﬁqm E,(S,E,1,R) = E,(N,0,0,0)
00 0 0 g 0 (A-a)/N
00 0 0 0 (o+ 0
F(Ey) = uazV (Ey) = (o+4)
0 0 l-@)pN O 0 -o (y+ 1)
00 0 0 0 0 —y
fnaniavdndetadey FV L Toodl V™ wildn v = 1 adj(v) azle
det(V)
0 0 0 0]
0 0 0 0
pFV = 0 -o(l-@)pN  (1-@)N 0
(O+m)(y+u)  (r+u)
0 0 0]

AuwmmA Spectral radius 989 FV ™ i@uunuine  p(FV ™) aglasisil

2 0 0 0]
0 - 0 0
det(FvV*-2al)=| , —ol-a)N (Q-z)N
(c+m)(r+u)  (r+u)
0 0 0 -1
= (A D zj
(7 +n)

2-15

T O O o



wWld A, Ay, A, =0 ua 5, = L=

(r+ 1)
1_
1nundenn Spectral radius vas FV ~dem p(FV _1) :M LagNIA1 Basic Reproductive
(r + 1)
l_
Number R, @310 p(FV_l) Ao R, :M
(r + 1)

A1 R, v naunaiilifiiie fdwiiu 0.114 uansinde R, < 1agldiiamsunssyuinvedlsa
i

Y

AR, Yeaunanie dawindu 10.417 wansdnde R, > 1aglifiamsunsszuinvedlsa

P ' a s M oo &
M15°99 1 Awrsliinasvanauaaniliwalsn

FaA213 deyanual AMNIENDS g
UYL INTVOIUYWENINUA N 50000 AU
anINSARLSAvDIUTEIINT T 0.0000372 ATu
gnsIN1sAnLTelsAinIINAugAL B 0.000005 Lpi!
BNIINIANLIAYTITUYIR 1) 0.0000372 fATu
ansinisveanulsalaensientinin @ 0.85 Aoy
2ULY
BMIINNSMENLIAVRIUTEVINT V4 0.33 AL/
BMNIINSNALSALNING DY o 0.067 AL/

3. afesnmuasgaaunaiilifidalan(Local asymptotically stable)

fANTUTZUUALNITAN W IRNNZUAZIN AT NWEIANE

1-a@)pN
(7 + 1)

A, =-0.0000372, 4, =-0.0000372, 4, = -0.0670372, 4, =-0.3300372 waz R, =0.114

A=—u Ay =—p Ay =—(c+u), A, =—(y+u) Ry = dleunuamsfiwes awld

WaRasanaiesnmuedseuy i geaunailifiielse agnuinAmanvasanIzn
aonndesiuoulaves Routh-Huewitz fstiu mmeuazgiingen E, = (50000,0,0,0)u
E, = (50000,0,0,0) 981U Local asymptotically stable

oA a I
AHauTLduau uay
Gek

pynaunabifiie

v
a

nHuanIRInaUIaYYsgaanailidlsaldnel
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R

ANl 3 ﬂiﬂﬂ/\lﬂ"wa‘uL?nqéhLa°uLLafﬂdmmﬁuﬁuﬁ‘mmﬂzjuﬂimﬂiﬁL?{m@iamsamﬁya (S) NIMAMBULTIALATULEA
anuduitusvesnguuszensiinndowidiliiuansernis () nomdneudsiaiavuansarduiusussngs
Ussmnsiianide () way namdmaudsiauansauduiusvongulssennsfimeanise (R) ot 1aan
109 o iadesnimveseaugadilid  Welsaidle R, <1

4.1edeIn NYRIRaUnandielsa (Local asymptotically stable)
NIMLEAIAINBULTIRAILAVVDIYAENAENHLIA

0.01 I 4 0.02 R i

] ° 'a o 0y, o, o ’ ' ' :'-:4' ; -: & ’ ><10"6 ° a o
AWl 4 nsARRULTIIAILARANANTLSYRINAUUSTMNTAdBMENSALTe (S) ATmlmnBUIlsIaYLan
puduiusvenguUsEInINRadeudlivaniens (E) nswidmauidsilavianinnuduiusvesngs
Usensiante () waznsINAInauBslavlansmNduRUsveINgNUTEuINsIMeNtsAR)  t 1aan

9 edesnmueraunaiiiivelse Wee Ry > 1

dyduazaiusena

¥
a va

Tun9ideadadiiteldfnvinavasnislintinineutefifisensunsszuinveslsaiin Sefidels
#rsanmsiiees 16 fe mstesiulsalagldniinineundie fnasensaiuaulsavinlaedidelaimmunfinuy
Fendinmansvainisunsszuiavadsaia Msfnuifonsitinguszadiiefionaufuuuidadamansns
uwnsszuinvedlsaviniielinssiiadiosnmvesiuuuidindamaninsunsssuiavedsavinfiinasensldutinn

DUNNY  BAYLNBANWINATRINIT VLN UL 8 NANARABFILUULTIANIAFIANSAISUNTTEUINUBILSATIR
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NMTIATEATRavluNSANYAILUUBIANAAARSIAENI T AINBULTIR LA UYRITEUUANN SR YRS
fuanauuuiaosadineanifidnasonisunsszuinvodlsain emamnafiweiivhlignaugailifidelse
(Disease Free Equilibrium) LLazﬁmauﬂaﬁﬁL%aiiﬂ (Disease Endemic Equilibrium) d1viuusagynvues
AMTinesazasvdeuatissnMuesaaunaindu Local asymptotically stable lasnsmiAdnvazianiz
yosumindaladeuuaznvaouiaenndesiuiieulvyes Routh — Hurwitz Criteria

AITeliinfIuuueINITAIVANNITUNTSEUIATRIlTAYR fuvuidindamaniildlunisideaded fo
szuvaunsdseyiusliadu eszneuse Uszansfidssenisanide Usznsiiandeuddslinansernis
wazUszrnsiiiaite Famuinuisasiiiiaosgaauna fo qnaunailliflsn uazgaaunafiinnisszurnvedlse
Tnglunslesieignaunanazialivsnmveeauna 19EnAeneiauisunsgiu lneAnadesninvedssuy
Local asymptotically stable vasgnaunailddoaduluamiiouluves Routh - Hurwitz Criteria ¥inlsfanansa
wuAmsdwesues Ry daflaudnduneldifouly el Local asymptotically stable vesqaaugaiiny

afios Tugnaugavesqnaunailifllsn uasqnaunaiifnszuinveslsn

NnMIeTERdsnauiieAnmgaaunareszuy Anvafissnimueigaanna LagnsIaaeUETEsAImN
maqﬁmama’j%ﬂu Local asymptotically stable LaznII9dLINdenAd o uieuluves Routh - Hurwitz
Criteria ntiufuIAn Basic reproductive Number (R,) @nwiqnauna 2 9a Ao

1. yoaunafiliiflsn (Disease Free Equilibrium) mdneudsinavuagamnsidimesivihliadosnimn
%adﬁgﬂauﬂalﬂu Local asymptotically stable

aulansifiwes @ nstesiulsalaenisldniinineunsie mwuald @ = 0.85 ﬁmam‘%qﬁmamﬁﬁ;m
augafilaiflsn 1ée R, = 0.114 <1 wansihlsiiinnisunsszuinveslsa

2. ﬁmau@aﬁﬁﬁaim (Disease Endemic Equilibrium) wiA1neuidediavuasAimisifmesaiviale
Laﬁaimwmmf\;mauqatﬂu Local asymptotically stable

aulanisfimes @ nstesiulsalaenslantninewids muwuald @ = 0.85 ﬁmam‘%nﬁmamﬁﬁ;m
augafilsiflsn lée R, =10.417>1 uansinAnmsunsszuiavedlse

SRIGIGINIE
NMWATDINTITeA5E A fimesilddadudiuiunisldntnmnewnde Tuusaziiufionsazunndeiu
Aty AITENISATIvERUALNGNE LAz Anwe UL ag19azIBenBnATATIDAINONADY
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The Resistance Factors Affecting the Adoption of Healthcare
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Abstract

Purpose: Healthcare robot technology is an important tool and shows an extremely important
role in the healthcare industry since its potentiality to improve the healthcare service. In spite
of its high ability, it cannot be assessed change related to the healthcare robot. Previously
research showed that the user may make a decision to accept or resist the usage of new
technology depending on assessing individual changes. The limitation of healthcare robot
usage is caused by the ignoring problem of anti-usability of the user. According to barrier
theories, this study develops a modify resistance model to describe the factors which resist the
medical staffs’ intention to use healthcare robot.

Methods: The participants were selected from medical staffs (physician, nurse, and staffs)
working in government hospital located in Thailand. The data were collected using
questionnaire to test a research model and it was developed based on the medical staff users in
real work to test a research model. The research model is analyzed by confirmatory factor
analysis (CFA) with the LISREL program. A valid sample of 466 medical staffs were collected
for data analysis.

Result: The empirical results confirmed that the factors resisting medical staffs’ behavioral
intention to use healthcare robots were technological barrier, safety barrier and time barrier.
This study is discussed in several practical and theoretical implications.

Conclusion: Our study illustrates the importance of user resistance in technology acceptance
in general and in health technology usage studies in particular. This study identifies key of
the resistance factors to resist medical staffs’ behavioral intention to use healthcare robot.
Further, the study provides a useful reference for future studies in this subject field.
Recommendations/future directions: There may be other resistance of healthcare robot usage
that were not included in this study and can be the subject of future research. Further, there
may be additional predictors of resistance, beyond technological barrier, safety barrier, time
barrier, and change barrier, that should be examined in future research. And this study is
confined to the healthcare robot behavior of medical staffs only in Thailand government
hospital, this study cannot be used to another group.

Keywords: Healthcare robot; Technology barrier acceptance model; Technology acceptance
and resistance
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unin

Tagtuwmalulagmsguaguainlagniauiuaziduetnenineeing (Phichitchaisopa & Naenna, 2013) 13y
spuumsaumanamaunms sdsniumeluladnisquaguamlésunaiam muglufunnusioansvesiae
Wfinuntu vugudnanisunms (healthcare robot) Fsgniunlilussuunisguaguamisamneruia wansuld
nanewduaesdiefiddyuaziiunumdrdylumsauagunmiomnvusudinaifidnenmlunsusuusnmam
YoIN15UaaUNNLA (Alaiad & Zhou, 2014)

Tuthgtuwifinsiusudninsunmdazannsoaniling uazanuiawaiavesdmhivnanisunmglaunn
diedla winrwdSavemusudinaiilildtuogiuinesnuuurusudifissegtafior widtuegifunusilaves
Fthiimsnsund fesanmnndudldnunasdmisiusudinad mndmihilisensunmsldnuueud
psAnsazliansoudledamilunisguaguamls fuimsuazdnesnuuuvusudisieadiletadeiiinadenis
gu5U LLamJﬁLaﬁmﬂ%‘vjuauﬁmqmiu,‘wwémau%’mﬁﬁimmmwé (Alaiad & Zhou, 2013)

Hagunuideiffuusudnianisumdasiduldfimadanisléinu wazniseenuuuvugus (Nguyen,
Ciocarlie, Hsiao, & Kemp, 2013) uaﬂamﬁmm’i%’aé’mmﬂ%’muvjuauﬁmmmwmsﬂuﬂszmﬂl‘ma wazilan
roumihflasiduluiiguuuumsseuumeluladfimngauseuiunvesjusudnisnisunng uiogislsfiniunis
famsfuufisesosuresldnuduliamsondndsdd wasmintusnadsmalieadnasine ldudsslosian
weluladdosninfinaniaialy (Norzaidi, Mohamed, Chong, & Kamarudin, 2008) Feluauifuasudinis
sosuiinasienisldiussuvansauna uimnlaidanuiiunundulddnduseausulseslsluszuy (Cenfetell,
2004) nsnudadedefuiadumadeddnlunsiudssansamluesdng dudulsmenuiadsluussmelg
Wrnhiidlugfliannsaldnuusudldosaiiussansamuiniinsdesnmssesunsldiusudiamzyana

aATesunslinusiususmisnisumgteuntidldasiastgmifertutiadodesuresdldou (Hsieh,
2016) feiunuAfeiadufiimuatadeiinadedunsousurusuinisnisunmguesynainsnensuwne
nsAnildisssanialaainmsfinzes Cenfetelli Ssldvhnsdanamauinslinumaluladitogludagiusy
Tuwamssausumealulad vide TAM (Davis, 1989) Beiinddeviuiinanrimauiimardassjatiuluiinssuiluwduan
(mslFsmumalulad) vesgliau Aanudtesiumslidmuneluladansana luvaziinansuaziasnisiuilu
F9au (Mseedu) Heratlestunszuiumsldaumelulad (Cenfetelli, 2004) ui Cenfetelli "LaJ"Lé’ﬁwmiizqﬁﬁaﬁ
finadnrnenslivaluled fudunuideddddhnmsinuniateresuresdinthiianmsunnditivenisldonu
ususInsLImg wazassuuaestafefifnadesulnelinguitadguassavesidenounthiliufiugiu
warUsulimngaufuuiunesidde ensanuazuilyannziifinadesunisldnuiusudmanisunme

anudunn wazngul

Hagtiutlosdnidiunisquaguamldnetuuuluauamnisuims femsuiulsmunimvariazl
ansahlsmanamalulagmsnisunmd Iuhlinaluladiienuddnlugaamnssunisquaguam Janalulad
1/1'1amiLLW‘V]&iﬁgﬂ&m%&dawﬂwﬁaizwmiaumﬂ LLaxﬂﬂiﬁam'ﬂugmLUUﬁNq TngAiun13nguLUUIE Y
nsl#lUsunsuneufiamosiuguavinisiudoys Tufssuuuuiidudoulneldgusudnianisummg (Alaiad &
Zhou, 2013)
Vuaud

Hagtuiiusuigrldiuoghaunsuaemniulunansgpanunssy Wugra NI LAY gRAMNTTY

q
P '

NNIPUAAVNIN LB INUAAZBIANTABINITARAUYLLIIULAZAUAANa VD INUEE ag1alsAnulutaguudalid
Mirfnanufiuidndmiumsirusudluldnuleyaraily waglifiaudiuduenduiimusudasazsesd
ﬂmtmﬁaﬂuaﬁhﬂi (Wongpiromsarn, Damrongchai, & Vatananan-Thcscnvitz, 2016) ﬁﬂﬁ?mﬁ'aﬂ?’mlﬁﬁﬂﬁlﬁ
prafuAeafuInsswenusudluUszInAlne mu"?ﬁ'&ﬁﬁﬂiﬁaqﬂmmgmmawjuaumﬂﬁﬁﬂﬁ 1) MUNINTFIUYY
94AN15 NASA: fiusudifueiosdnsfianansaldlunisiiau Tngiedesdnsunsiannsavianuldies luvae
Lﬂ%ﬁﬂiﬁ’]ﬁjé’@&ﬁﬁﬁﬂﬂﬁ (Alaiad & Zhou, 2013); 2) aunasgIuvesgudanuludaiiudiingimans:
ususidesfinnuannsnodiedon 1 ogvlunnuannsosolud 1anwnsaiedeudild, 2. aunsalduaunald, 3.
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ANU1TDINNITAVANINLINABUVDIA T ULDILA, Ay 4.LLa®awq§ﬂismﬁamﬂ (udmnuludamuiainemans (osnns
umau), 2015); kay 3) WINTFINAINAITIUWNTUINY it 36: vjuauﬁﬁaLﬂ%‘laaﬁaﬂuﬁwﬁﬂﬁﬁﬂalﬂaauimaiu, GRIGEN
auldnainuanesuiuuysd m%aﬁwwélﬂw:iﬁams, LALAIUNSOIAAIPUNISYINIUABUNAALS (waTau et al.,
2002)
YUBUANIINITUNNE

1nflowveadnig NASA Yusudreia3asdnslilunisviau Tasvususiursianunsavinenlddoes
fules uviususeindusesilidnis (Alaiad & Zhou, 2014) enumarivaneiansguagunusudivariaz
gnideninvjususmanisunms Jagtuiusudmansunmdgnldaululsmernasualmgivulsmeuadss
wazlsane1u1asudud dnsulszinalngaiunsouuinszuiunisguagunineenlidunisngiaeinis, n1s
agdelsa, waznisUeaiunazsnuwilse %Qﬂ/juﬂuﬁwwﬂ’]iLLW‘VIEj?I']lJ’]‘iﬂTﬁﬂ’]iQLLaQIﬂ’JEJbLﬁ‘ﬁWle‘NLLa%ﬁNE’JJEJiJ
Wusudinariavananufanainvesd miilasnisuiudgseuuuglunisnsaaey uazdanses Ssazdiean
AIPNUUNEIN LAl Avsamnsvhawesdmdhitnensunndlfannsaguariaeldftu vususins
nsunndanunsastsesniiu 3 Ussianlvgdmivdseimalnelann vusudsnw, usuiaivauu, uaziueus
UININNTUNNE (Wongpiromsarn et al., 2016) InevjugudusiaysenngnawunmuunuInkagnisldu

vugudmImsumgiiunumdAglunsiannsTuunsguagunm waztiomdsiiminfinisnisuwndly
nTuRouTaINTEUILNIgUagUAINAMIUlsswe1UIaTgUsEIMALNE (Wongpiromsarn et al,, 2016) HaufinTg

9 U

Fadvaudansfievsudndi fduususimismaunnsflflunsinsandwivmafedldun dusudin,
VuguAdeansnelng, YueudNe 18, Yuoudndunssy, fusudnienin, la3es CT scan, 10309 MRI, Wazsiugud
lRnEyNIBuuBUdgualgeeny (Fuae) ewnilnaauiRnseiuinasgiuve siusudlulszinelne
guassAvaImszansumalulagdmiuriusudninisunng

Hadvguassaduanmgiviliuyudliuaninginssulag arnnguinisuninszatevesguassadl
auduiuslunisesuisanuuanssseriauinnssilnie, nsseuiunisldnuluriniudu waswg@nssunis
pousuduqlugaund Tvguassamaniifenuisateseranndeilymussinnsineg Fuhlkguassaudaziad
auddndetiymnislinugunssiusasUssanuandistu nauiuarisnisldnulumndsfuiuedfuaim
wanzauvestadevogunsaiiug SuiliAamguiiietugtassefiuanafusnnaneludagiuiediatungu]
Y84 Pagani, 2004

mfeildimguitadeiiduguassaves Pagani anuFudgaielidnfuuinureamsldausususimg
nsunmgvaad i finisnisund osnnguiignairsdusnlaediuidnuasvesnealulad wartadediaom
WAL AUUTUNYR U UAN 1IN TANE
ngufn1sEanTy wasuasmalulag

Mnmsumussunssunuindomeluladlmignldau ;ﬂ%ﬂsG'Tmﬁui%am%’w%aﬂﬁLaﬁmnﬂiuiaﬁﬁ?uﬁlﬁ
JuegiunsUssdiunsAsundasiiieatestussuulu Uoshi, 2005) fefuudiiusudnsmsunmdasidnenm
Tunsusuussqanmnisguaguamdiedla udusslenidoralsildsumnuauladesan anunersruieaty
TassmssumelulaBnisguagunimindszauiaym SsmmuestgmmeaiannsonmaaoulfngUassanis
Tsﬁjdﬁuﬁuaﬂm‘%} (Bartos, Butler, & Crowley, 2011) :l'jﬂ Bhattacherjee & Hikmet, 2007 lananliinusunvesnis
soruduliidsuihsunisldlieu iWesnaslildnudueramneanuiifldinelulas alsinsuidetu
swazdunvesgunaal wiedtllldvihnsussduieatumeluladlminounislénuass wimsdedudunnoain
Funeluladluidldsumsfionsanuasgnuiasangldluuda uenaniuainawidoes Hsieh ua Pi-ung wang
Tfuintadefiduguassesonisseuumeluladnisguaguainiinaludsaudenudslalunisuanimgingsy
(behavioral intention) ¥8KLY (Hsieh, 2015, 2016) p819l5AnudilafinnsisaRefuiaderesuniseeusu
susufsnsunndlulssnalne fadunAdeiiddinmsfnndadedetuusudmensumsvesdiutitie
Namumsldsusuimsnisumdlumsiisdszavsamwlunuuimsguaguainlusunan
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nAgnuliigndsrasiiensumalunuddelann 1) wensiufsdadentavinaseiuanusdlalunig
wanangAnssuvasiminininmskmglunisldvusudnianisunnd, wag 2) ensiuindadelainasieniunis
gausumaluladyiueuavnanIsunndunnian

a

WUUINADIVBIUITH AL ANYAFIU

wuuaadlunsideiaggniiauedsgun 1 ﬁugmmzmmﬁmﬁuémaqLLUUﬁwaaaQﬂﬂizqmﬁmmﬂwqwﬁ
Hhaduguassnves Pagani oy HARNILITEU84 Hsieh and Pi-Jung Tnedateguassaluamidedldun guassadu
waila FeUsznavluse nsuadlesdy wazaudelumslda, guassAnuANUaensiy, guassanIuan ER
Usznausie seezailunisineusy wagssesialuniswisugunsal, waznsRefuALUAsULUAS

< guassAdumadn

guassaiuAuUaensiy

Asmaiuly
LRAUINITHER

gUasIARULIA WeRANTIY

AsAeAuANUUAsULUAY

o

U7 1 Tuwatadesiodinuniseensurueudninisunndlunuideil

guassadumaila (Msvafleidu wazaudrelunisléan) wie Technical barrier (Tech)
nsvaerudelumsldrumneie mnusinvesdldumelulediuiouiuadddnusnidemnandos
Fouduarleuade mineniddenountiduandiiuimsaanuielunmsldouduaimgivhlfdmed
n1ansunngdrasnisldaruiueudnianisunng (Alaboudi et al., 2016; BenMessaoud, Kharrazi, &
MacDorman, 2011) uenainiuainuanisidenountriduandfiduinnisaiieidulunsldaududnnis
guassafidamaliiyaainsniansunmdlisensunisldeuvueudnisnisunmd 8ndae (Alaboudi et al., 2016;
BenMessaoud et al,, 2011) Insmsailerdulunsldnudunnuiinveslidn melulagliasnsansvaussnu
vosnnlaegneliusydnsaniiieane
suyAguil 1 guassadumaiasiannuduiusluniuandenisdeduanuinisuanswgnssuvasdld
auasIAUANUABANY Y30 Safety barrier (Safe)
guassanuaulasndevaeiruianvesdlidinnalulaglivasndedmivdldnu uazausoudis
PMNUITEYeITNITEABURUILALA BenMessaoud et al,, 2011, wazStahl & Coeckelbergh, 2016 Tagudulii
guassamuanulaensieiidninareniseeusumaluladviusuinisnIsunme
suyAgnuil 2 guassaduaulasafeliauduiusluiuandenisdadiulamuinisuaaanganssuvagly
guaTIAd1uan (steznanlunisilnausy wazwieugunsaiiiuiuniniiuly) wSe Time barrier (Time)
puassadunameds anuddnvesdliiinistinevsuuazninadsnsgususinanisunmddulding
g1uuunAuly 911919338999 BenMessaoud et al.,, 2011 wag Alaboudi et al,, 2016 wanalALiuINNAg
Aneusulinarsuuduguassafviliidmiiiniesnisunmdlisensunisldausiuusudnisnisunngd
UBN9INT BenMessaoud et al, 2011 1@8uduinnisiaso LLag(?iy’qmvjuauﬁmﬁmﬁmummﬁu"l,ﬂLﬂugﬂwﬁa
guassAvensidnuuEuinInIsuNng
suyRgiuil 3 guassadunaniinuduiuslunivandenisseduanuinisuanmgAnssuvagly
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nseedunsasuwlas wie Change resistance (Ch)

guassasuauAsuLasnefi flélidesnsivdsunnmsinvinuuisunfunsldimaluladns
Snwwuulug Lﬁ'aqmmmmadwﬁa NNUITLATUTIFD AN 8UULIY UTIdDVD9 Panteleimonitis & Parvaiz,
2017, ®ay Marescaux & Rubino, 2005 LLamqiﬁLﬁudﬂmwiaé’mmimﬁauuﬂaadamalﬁ;ﬂ%aﬁmmﬁ%mu
walladlaq Fananmasamnfofiuty nausslowidlidaay, uazlisuiudeaudsugunsal
suyAguil 4 guassadumsiAsuuasiinuduiusTuuduansenisdafiuianuinisuananganssuvasfly

IMQUILAIAYaINITINY
alvnuisladeniinadedmunisseusurugudniinisuimgvasdminininisumdlulsane1uiasy
Uszinrlng uaziioniuialadefildvsnasemuniseeusuriusudniansunmgdunniign

se1dauis398
BdedsRainagninanldlunsfinu Yadeniinademuniseensumalulagviuguiniansunmg
youdmhiivesnsunmg eszdeuisidesvgnuuseendu 6 Tuneudail 1) fmuaveunvesuidy, 2) e
WARI0EN, 3) Fegelunside, 4) fvuakazasiunsesdislunisiiudeya, 5) nsiudeya, uay 6) Ties1en
Joua
Y
1) AUUATDULIAYDNIUINY

¥
o A

nguimneildlunisideedfoyrainsmemsunmslaua wwd, weuna, wasdmiifiviesnisunnddld

2
a

viusudmansung (dwthissdmade, dhmenmn, waginineimans) lulsametunasgussmelne

2) MUUAIUINAIBYN

yafegwwesnuiteilinfinsaruaiegsnmatssnusemniive Hduegiuduuyes
W15180993 1y 1 W51AMsWINAUTILINUTEYINS 20 AU (Hair Jr, Black, Babin, & Anderson, 2010; Schumacker
& Lomax, 2010) @sluauddeiitmsimes (fana) 15 f Tedeaiaurndaetng 300 autuly

3)  fegelunsidy

mﬁ%’aﬁﬁﬂfjmﬁméwLﬂuqﬂafmsmammwwé 1w 466 au Tulsanerunaigusemelneg §33uagyiing
duiegns Tnsidenduannyaainsmanswmdildnuusuinenisuwndfignseyliielulsmeiunailiang
ufiadlurinisifivdeya Feflduau 295 fodreanlsame1uiadssis, lsme uiasssudans, Tsane1uia
5911807, waglsimeruiagwiansal (same1uiaumingde) way 171 faeg19 lsane1uiaseaudanda lawn
lsaneunayssug, lsame1utagnssiill, lsmeiuiaglass, lsmeiuiaaseys, waslsme1uialseaivAsdus
(samenuagudlneutoandu unng 156 aw, we1uia 219 aw, dnnenind1ln 33 Ay, wawid1niiisugdn 58
AL

a) fvusuazanandosdiolumsiiudeya

TunmAfedldlduuvaeumuiueiosfielunuide ahdulnelimguidefudefefifnadesumssonsu
walulaBiduiugu uasimumudnvarnsldnugusuinamaummsvosmaainsmmanmsunmslulsmeuiady
Usznalne vismindusuuasuangldunismsaseuaugniemenieon waganumzaLresn 1N
Admauaziivinwm

5 nsiiuteya

mafununudeya §iseldfvannuisosadunenisliausadnldifudeyalulsmeuiadidu
naudmunelaetaudininendeuniivedeuinausemelng m"@mmfurﬁ%’aiﬁdaquaauﬁlﬁ%'ummLﬁuﬁzjaumﬂ
vvthuwunluasusundeglulsseiunaiidnmsldanuueuininisumg uagliuuuaeumuvnssuladdmiu
\udeyannlsmenuiadszidmin Fsesdnfunsifudeyaluriafounguaiay 2562 fufeuiiquisu 2562
Tnofidmihinanisumdiingmdna 466 au (@ansaldldidosnildnausiogaiu 300 aw)

6) Aaziveya
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TuruidelaglnsiassitouanuuadMTanssan, uwagnsiiasieitadeidetiudu (confirmatory factor

Y
v

analysis 38 CFA) Tun1smdadeiiinasedunisueusumalulagyuguanianisinme

NaN1339Y

A1 Cronbach’s Alpha WU 1-5 Likert scales gnl¥d1viunisiiasgsinnuindedo wazinaia item-
Objective Congruence (100) grldlunsmaaeuarmgnifedusmddod amundnandfidu Cronbach’s Alpha #os]
13NN 0.7 Wagen 10C FesiiAnunndn 0.5 Fsazdodliinasinlunisfionsanaumdnadd Fsanainnismaaey
Cronbach’s Alpha way 10C Trinasnuinasiiosndaniu 0.70 wag 0.50 puduluyndemanmestiade

N193As YT e8udu (confirmatory factor analysis 50 CFA) gnldlun1snaaeuauufgiu wazen
vt (factor loading) vasadesosuusazs Tnefiansane tvalue 910 ttest Fudumnafiniinisniead iy
AunsveaeuauyigniiioiSesuiisuussninainguineg il vioassnguiionafinnmduiusiuioidudaszse
fiu Fanaseilunisiorsanferianysalves t (tvalue) foafidminnin 1.96 aaziiedteniuetnail doddgmis
ad@fiszfuaudesiu 0.05 e CFA (guadng, 2561)Ima%”’umauuiﬂéfauﬂié’amqléfﬁ’wm (Tech1-Ch3) aggn
n3I9aey Ganaiildesuusyndinastrafidoddynisadia esani tvalue 1nnin 1.96 Tunndedany
wazdlaauduiusdunsinasinmeud fufle chi-square/df<2, GFI AGFI TLI NFI 0.95 uag RMSEA RMR
SRMR<0.05 (guering, 2561)

n1liAsIgiLuy CFA gnihwnlddnafuiiomaniinin (factor loading) uaznnasuafigiuveadade
guassAusafildfuniseeniy ImEJ;;ULLUUGU@&@&ﬁﬂﬂ’ﬁEJau%’uu’uauﬁmammwméuazﬁwﬁmﬁﬂgﬂLLamﬁﬁq
Tuguit 2 Minmseszinuitafeiluguassauszneulude 4 Hade esmntafowmariiien tvalue innni
1.96 Tunndaduuasiian chi-square/df<2, GFI AGFI TLI NFI >0.95 wag RMSEA RMR SRMR<0.05 (gwaing, 2561)
KuALNeITNguin1TATIzsikuY CFA Tnssmansdiaseitdugnuandlilunaed 1 uenanduiladediu
guassadalinnuduiusiuuindenisdedulunnuinisuananginssulunisldueudnisnisunng lag
ANUINEYeILUTdImale (An1u Tech1-Ch3) avgnesuneliludiuvesasuuaraiusena

Tec 2 Tec3 Tec 4

Tec 5

Safe 1
Safe 2

D auassanuAIuUanniy
Asmeiuly : Safe 3

LRANINITHEARS

guasIARIULIEN Time 1
Time 2

AseRuUNsIUaBULUAY
Time 3

ch1

JUN 2 Anhwitnvesguuuuladuglassa
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M99 1 uLansnadnsveemTiATwissRUseneudsdstiud1sui 2 (2™ order confirmatory factor analysis)

Factor Factor loading | T-value (21.96) | Percentage Approximation (%) Result
Technical Barrier 0.86 11.98 21.83 Accept
Safety Barrier 1.21 16.38 30.71 Accept
Time Barrier 0.86 11.56 21.83 Accept
Change Barrier 1.01 21.22 25.63 Accept

guassAduANLUaonfel BnEnaagarelanuIn SR un T U uANIaNITUNIE ANAIENNT
famunsasuLlal, qﬂasiﬂé’mmﬂﬁﬂ, LLaquﬁisﬂéﬁunm ANUAIRU

dsduazanusena

Tunsfinuifiteldimsertatedesunisldaurusudmentsumdondminiinisnisunmely
Tsmeunasgusemealneiionsivaeuindedusesulainasiosunseeusuiususmanisunne waziidvsnase
Wathiimanisunndunniign nsiesizidadedudu (CFA) gnldlunisiisgigiuuulunuidoiie fudu
aunfgu uagAutnvoausastady Gman1sifeiBuduiiadeifnadesunisldoumusuinenisumndves
Qﬂﬂa’miﬂmJﬂ’]‘iLL‘W‘V]Ejﬁ?uLﬁﬂﬁﬂﬂQﬂﬁiiﬂﬁ’mﬂ"}’mﬂaaiﬂﬁﬁ (safety barrier), M3siafiunsiUABuLYAT (change
barrier), gUasIARWLIAN (time barrier), war guassAnumALlA (technical barrier) Aadsu

Haduiiddviwanniignfeguassadnumnutasade dadeiigniinnsanainnislifieruifiugiuuazaany
L‘?‘J'm‘maﬁmﬂwaIUﬂWiT%qwuﬂzjuauﬁmaaﬁmﬁﬂﬁ (Safel), Auinaiefulasnfovo i minainsnIsunnes uaz
feilelivusud (Safe3), wazanuinninaiosanlliinsduiatugiaelnenss (Safe2)

guassadfusiouFonisesumaasuudas Jafedgnfinnsananmslimaiuysslon
‘vjuauﬁmqmﬂmmﬁ‘uaaﬁmﬁ’]ﬁ (Ch2), pnulalaunelafiazuasunssneainuuupuudunist
wazlsiiuruduthlumsiwasuannmsinvuuuiiuun@unsldjusud (Ch3)

guassadunanfutiefeiiidinadudduson Tadeifasanmnmsiineusuiiidsnalumsiey
(Time3), M33eu3szuy waglsldnuldnaiuu (Timed), nmsineusuldnaiuuanniiuly (Time2), wagnswnses
gunsalldnausniAuly (Time1)

Hafvaninefoguassednumaia dadeifauvmnaniusudliaunsonevaussnureadwind (Tech3),
hjﬁrﬁﬁaamwmaauﬁ‘%mﬂ% (Techd), nadnilailaidaau (Techs), msiineusuidnlasnn (Tech2), uagnnsld
UVLESIN TS TuEn (Techl)

miAderounihdlfuuziisudtymdmivguassamarilin 1) duimsismeruiadonhnsussiiy
sxﬁ’ummﬁuaxmmmmammLfﬁmﬂwﬁmammwmé (Ginsberg, 2007) w§niudedamsineuslimngausde
Wmtiinnennsunngd (Hasanain & Cooper, 2014) wazyi1n15UszLiunaInIsinausy (Ginsberg, 2007) Fan13
?Jﬂaus:umzﬂ'ﬁﬁ%dﬂma‘[,ﬁﬁmﬁwﬁmamiLmeﬁiﬁﬂ‘daamﬁa‘lumﬁ%’muvjuauﬁ (Hasanain & Cooper, 2014), 2) fiod
vhmamgiudunuiiaansogsdadmihilildusudlunssiiuanumanisunmsled (Poon et al, 2004) uazdis
msUsenauluimedsuiinvey, ens, Wvthyeinausy, waslinisaduayuanéd (Collons, Wilkinson, Douced,
Wyre, & Hevey, 2006) uaﬂmﬂﬂfumﬂ%ﬂ/juwﬁmiaaﬂuam‘wLLmé’amﬁmmxau (Collons et al., 2006), 3) 1in
PRNLUUYUBUANIINMTUNNgmsoonuuuilsitunisldauusudlinarsfugunsaluvudaiy tileanaluns
HNnausu LLasz'%auqﬂﬂiai (Alateyah, Crowder, & Wills, 2013; Almutairi, 2011; BenMessaoud et al., 2011), wag
4) Yiusuinansunmdnisazgnaenuuuliiiedeniaigoud uarldam (BenMessaoud et al, 2011) uanaintiy
flsiurnamjusuifesannsanouauosuvand i ildiduegiei (BenMessaoud et al, 2011) Auugthuvanil
wwangUassnmeg fidmarenisoususiusudvmansumels

1Y

AYRLIULAYINY
Fyiugus (Chl),

q
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The purpose of this research (1) study attitudes and behavior and behaviors of
undergraduate students at Burapha University to using the BANGKOK (RANGSIT) -
BANGSEAN public van service (2) comparison of attitudes of undergraduate students at
Burapha University to use the BANGKOK (RANGSIT) —- BANGSEAN public van service
classified by gender, class, faculty and income (3) comparison of behaviors of undergraduate
students at Burapha University to use the BANGKOK (RANGSIT) - BANGSEAN public van
service classified by gender, class, faculty and income

The results of the study showed that male and female were not different attitude
towards use the BANGKOK (RANGSIT) - BANGSEAN. Males and females have behaviors
towards use the van service in BANGKOK (RANGSIT) - BANGSEAN in the purpose of using
the service differently level of significance 0.05

Keywords: attitudes; behavior; relationship
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On Functional Identities of Derivations

Sitthikorn Nakkao 2, Utsanee Leerawat®;
Department of Mathematics, Faculty of Science, Kasetsart University, Bangkok 10900, Thailand
E-mail; 3sitthikorn.n@ku.th, Pfsciutl@ku.ac.th

Abstract

Let R be aring. A derivation on R is an additive mapping D : R — R such that D(ab) =
D(a)b + aD(b) forall a,b in R. An additive mapping D : R — R is called a Jordan derivation
if D(a®) = D(a)a + aD(a) forall ain R. Let f and g be endomorphisms of R. An additive
mapping D : R — Ris called a Jordan (f, g) — derivation if D(a?) = D(a)f(a) + g(a)D(a) for
all ain R. And an additive mapping F : R — Ris called a generalized Jordan (f, g) — derivation
if there exists a Jordan (f, g) — derivation D : R - R such that F(a?) = F(a)f(a) + g(a)D(a)
forall ainR.

The aim of this research is to find some conditions showing that an additive mapping
on aring is a Jordan (f, g) — derivation and a generalized Jordan (f, g) — derivation, where f and

g be endomorphisms of the ring.

Keywords: ring, additive mapping, derivation, Jordan derivation;
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D(a) + D(b) uaz (2) D(ab) = D(a)b + aD(b) dwsunn a,blu R Fenilaidu D: R - R Fousius
0suauves R &1 D flaudideieldil (1) D@@+b) = D(@) + D(b) waz (2) D(@?) = D(a)a + aD(a)
dwsunn a,b Tu R lnefiemaniuldimnayiiusves R (Jusyiusaesuau Lwﬂﬂ&Jﬂl’ﬂﬂayﬁuéﬁmimmm R
Jueyiiusves R

Tl A.A. 1957 LN. Herstein lakansitouiusiesunuvesiaanis R fiflendnvazanglivindu 2 1Hu
ouusyes R sionnlud a.a. 1988 M. Bresar Ifigidnisnisindmiveyiuseosunuuuidaanedil 2 - torsion

¥
]

free azilupyiius uenaniifiawidemanssnuldun J. Cusack (1975), M. Bresar and J. Vukman (1991), J. Vukman
(2006), J. Vukman (2011) s AldAnviAeafueyiusiefunuaruansauduiussenineyiusae fuauiy
syiusuLTTeuulanadivadingu 4

10T A.A. 2007 J. Vukman léfnwinisnsteiluveseyiusuaveuiusosuau @il dmiu R duida
Bondleddu F: R > R doyiusiluzes R filewiiud D : R - R fiflauifdsield (1) F@a+b) =
F(a) + F(b) uaz (2) F(ab) = F(a)b + aD(b) dwmsunn a,b Tu R Senileidu F: R - R dousius
0suauinluves R Mileyituseosuau D: R — R fifaudRdadeluil (1) F(a+b) = F(a) + F(b) uax
(2)F(a®) = F(a)a + aD(a) dmiuyn a, b lu R lnsfowaziiildimneyiusimlives R iduoyiusaeiun
vl uilumsnduiuudreyiudeesuauimllves R lidndudeaueyiudluves R wena Nl J. Vukman I
fgniineyiusaosuauinluuuissaamsdidl 2 - torsion free iuoyiusinly seunlul a.a. 2009 Basudeb Dhara
uaz R. K. Sharma leiansfouluiagiiliiladdunisuinifueyiusimluuazoyiusaesunuily il

1% n Wudwoudula 9 uaz R Wuseiflondnusimsgauaziiu (n + 1)! - torsion free & F : R - R
waz D : R - R (Juilsidunsuin namie D(a+b) = D(a) + D(b) uay F(a+b) = F@@) + F(b)
dw3unn a, b lu R Feaenndesiuaunis

F(x"™1) = Fx)x™ + xD(x)x" ! + x2D(x)x""2 + --- + x"D(x)

dwdunn x Tu R ud D (Jueyiiudessuau uaz Filusyiudessunuimlivu R

flefdu *: R >R 3end involution U3 R ile * (@) =a* &1 (1) (a+b)* = a*+ b*
(2) (@")* = auaz (3) (ab)* = b*a* dmsunn a,b lu R 3on3s R 91 * - 39 (x - ring) &1 R 1Ju3mFausie
involution uu R

T R lu * - 39 Beniladdunisuan D : R > R 91 * - syiiusaesuau 61 D(a%) = D(a)a® + aD(a)
dwdunn a lu R wazBoniladdunisuan F : R —» R 91 * - eytusaesuauinly dil « - eyfusaosuau D : R -
R F(a?) = F(a)a* + aD(a) dwiunnalu R

Tul .6 2014 Nadeem ur Rehman, Adu Zaid Ansari wag Tarannum Bano I@Anwteulefiazyinli
lafunsuinidu = - oyitusaasuau way Fiu » - syiusaesuausialuu « - 5a fedl

T n Wudwnuiiu ey R 1 « - Sefitondnwaimsgaazi@u (n + 1)! - torsion free §1F : R — R
uwaz D : R — R Wuilsitunisuanfiaenadasiu

FGx™1) = F®)(x*)" + xDX)(x*)" T + x2DX)(x*)"2 + -+ + x"D(x)

dmdunn x Tu R uda D 1 * - oytusaesueu wag F iy « - eyifuseesuauiluuu R

1uqﬁu3%'a§ﬁqmﬂizaqﬁLﬁa°u&J’]&Jq’m%%'aﬁum Nadeem ur Rehman, Adu Zaid Ansari kag Tarannum Bano
TagAnwinansdoildveseyiuseesunuuareyiusaosuauiinll nanfe 1% f uay g [udumsdugiuresie R
#andun1suan D : R - Ri3endn (£, g) - euiuseesuau 61 D(a?) = D(a)f(a) + g(a)D(a) dmsunnalu
R uagileidunisuan F : R - R 3o (£, g) - eyiuseesuauiinld il (f, g) - eyitusaosuau D : R » Rl
F(a®) = F(a)f(a) + g@)D(a) dwiumn a lu R wagiitewfoulvunsUszmsiuansiileidunisuanvedis
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Ju (f g) - suiudaesuauuay (f g) - syiussasuawinll Mnuansiinwazidudsslosddmsunisdnuileidu
wseauiuslugUuuudy 9 vulassaieiivadinds o dely

[

nQUszaIAUDINITIY
ievndeulauisssnsiibiileddunsuinuuialu (fg) - syiuseesuau waz (fg) - ayius
95UAUTIILY

= ada o
TLUYUIBIY

ludutiaznantaunieuasnguiunineitesiunanside
unfisn 1 el R Juse fouee g JOudunsdugiures R asBenileddunisuan D:R->R 7
(f, 8) - aywus ((f, g) - derivation) &1 D(ab) = D(a)f(b) + g(a)D(b) d@wsuvn a,b € R

unflenn 2 fdwuald R W0 fouas g (Judussdugiuves R azBeniliddunisuan D:R—> R 7
(f, g) - auusaasuau (Jordan (f, g) - derivation) &1 D(a?) = D(a)f(a) + g(a)D(a) dmsuyna € R

unflenn 3 dwuald R Ouse f war g Wudumsdugiuves R asBenileddunisuin F:R—>R 0
(f,g) - auWusnaly (generalized (f,g) - derivation) & D:R—> R Ju (fg) - euiusivili
F(ab) = F(a)f(b) + g(a)D(b) dmiunna,b €R

unfin 4 dviuald R W0u3s f war g Uudumsdugiuves R asdenileddumsuin F:R->R 7
(f,g) - ounwusaasfuaunall (generalized Jordan (f,g) - derivation) 1l D:R->R du
(f, g) - euiusaesuau Nvilv F(a?) = F(a)f(a) + g(a)D(a) dmsunn a € R

unilgny 5 fuuali R 1Wuse way n Wuduiutud n > 1 921580 R 91 n - torsion free 61 @msua € R 9
na=0ugra=0

unfleny 6 mvualyd R Wuse war n Wuswiudui n> 1 92580 R 91 n! - torsion free 81 R 1Ju
k - torsion free dmsunnaruuAuuIn k 7 k|n!

unflena 7 fvueld R e avdenileddu « : R > R 97 involution uu R ile = (a) = a* &1 * denndos
Fuantiselui

1. (a+b)y*=a"+b"

2. (ab)* =b*a"

3. (@)'=a

dw3unn a, b € R uazaziion R wiauede involution * 41 % — 39 (x - ring)

WNaN1539e

ngufun Muuali ndudwwiu was R Seiflendnvalnisaa 1 waziu (n+1)! - torsion free 1 F: R > R
waz D : R — Riduilsddunisuin wes f g {udunsdugiuves R Tdonndesiu

2-43



F(x™*1) = FOf()" + g(ODCOf()" ™ + g()?D(OF()" 2 + -+ + g(x)"D(x)
dwdunn x € R uda D 1lu (£, g) - eytusaesuauuu R uay Fidu (F g) - sydiudmluuuuasiuauuu R
wgad Tix € Ruay
F(x™1) = FGOfCO" + gD + g(x)? D))" 2 + -+ + g(x)"D(x)

= FOf()" + XL, (' D) 1)
wnu x s 110 (1) 2gldn F(I™Y) = F(OF(D)™ + ¥, g(1)'D(Df(1)"!
3¢lgi1 nD(1) =0

\loaain Ry (n+1)!-torsion free st D(1) = 0
unu x fe x + k1 dusviruaudu k'la 9 Tu (1) azlei

F(x+k1)™Y) = Fx+kDf(x+ kD" + XL, g(x + k1)'D(x + k1)f(x + k1)
= (F®) + FkD)(f) + f(k1))"
+ 37 (86 + kg(1) (D) + kD)) (F(x) + f(k1))" ™
falu F((x + kD™ = (F(x) + KF(1))(f(x) + k1)"

+ 30, (8() + kg(1))' D(x) (Fx) + k1)n~i )

dlenszanaunns (2) aglenn

F (Xn+1 + -4 (n:; 1) X(kl)n + (kl)n+1)
= (F&) +KF(D) (fe0" + -+ (L ° ) oo eyt + (e1)n)
(@00 +KkDDE) (F00n 4+ (0 7 1) o k)™ + (k1))

(@002 + 2800 (K + (D)D) (F00 2 + -+ (1 T ) o (k) + (k1))

L GO (o ;) g() (K12 + (k1)"~*) D) (F(x) + k1)
+ (g0 + -+ (, 1 ) 8GO + (k1)) D(X)

{09910 (K1) = (141 4 -+ 1) = k"1 dwsusiuauiv r a9 wazain (1) ilildi
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k wail

("3 )k (3w (0 e

- F(x) ((‘11) feo k1 + -+ (1) fGOkn 11+ kn1)
+KF(1) (FGO + -+ () fe02kn=21 4+ (7 ) fGokn=11)
+8(ID(X) ((“ i [l ST (R F N e B kn—11>

HKIDEO) (£ + -+ (1 7 2) FGOK™21 + k1)

+g(x)2D(x) <(“ | 2)fGOm 2K + - + (" g) FGOKI™31 + kn-21>

+2g0OKIDEO (F0O™ 2 + -+ (1 2) 0K 1 + k1)

21D (F00n2 4+ (0 g) fGOK™31 + k"21)

N <(n i 1) g(x)""2K1 + -+ (E B ;) gk 21 + kn‘11> D()f(x)

00 (1 01010

+ ((111) g()" 1K1 + - + (n n 1) g0k 11 + k“l) D(x)
il hy(x, 1) wiudulszansees ki dmsu j=1,2,..,naglaauns
kh; (x,1) + k?h,(x, 1) + -+ + k®h,(x, 1) = 0

Wownu k ¢7e 1,2, ..., n 9glaseuuaun1snadl

1h;(x,1) + 1%2h,(x, 1) + -+ + 1"h,(x, 1) = 0
2h;(x,1) + 2%h,(x, 1) + --- + 2%h, (%, 1) = 0
nh;(x,1) + n?h,(x,1) + -+ + n*h,(x,1) = 0

WinihsyuvaumstssusndeulusuvesssuuayEng agledn
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n n?

1 12 . 1[G D)
IZ 2.2 2.11‘ Ihz(%(,l)‘

- n"] lh,(x, 1)

n nz cee nn

1 12 ... 1m0 hl(X,l) 0
T T L LmozH

hn(;g 1)

0

azledin AH =0

Aumaendie adj(A) wlddn adj(A)AH = adj(A)0

Flirlén det(A)H = 0 o T unuidndiendnvaiuwin n X n

dewn det(A) = T3 (n — D! ey [T (n — D'hi(x,1) =0 dwsuyn j=1,2,..,n
\flosw1n R u (n+1)!-torsion free ot hj(x,1) = 0 dwiunnx ERuaz j=1,2,..,n
W9158d1 hy (%, 1) = 0 azlan

(n+1

' F(x) + (n n 1) F(1f(x) + nD(x)

)F@®)

nF(x) + F(x) F(x) + nF(1)f(x) + nD(x)

nF(x) nF(1)f(x) + nD(x)

ilosan R (n+1)! - torsion free azlédn F(x) = F(1f(x) + D(x) dmiunn x € R
N91981 hy—(x, 1) = 0 azlann

(CFDRe = (2 ,)FEf0 + (1 ,) FAFG? + (142 + 4 (n = 1) + mg(IDC)
+(n—1)+ M@ —2)+ -+ 1)DXf(x)

n(n + DF(x2) = 20FRf(X) + n(n — DF(D)? + n(n + Dg)D) + n(n — D)

ilosan R (n+1)! — torsion free azlé

(n + 1)F(x?)

2FX)f(x) + (n — DF(Df)? + (n + 1)g(x)D(x) + (n — )DX)f(x)

2(F(Df(x) + D)) + (n — DF(Df(x)? + (n + 1)g(x)D(x)

+(n — D)DX)f(x)

(n+ DF(Df(x?) + (n + 1)g(x)D(x) + (n + 1)D)f(x)

iflosan R ilu (n+1)!-torsion free azlsn
F(x*) = F(f(x)* +g(x)D(Xx) + D)f(x) 3

dmiunn x € R

910 F(x) = F(1f(x) + D(x) unu x fae x? azlein F(x?) = F(Df(x?) + D(x?) (4)

2-46



210 (3) way (4) agled D(x?) = DXFf(x) + g(x)D(x) dmsuynx €R (5)
210 (4) way (5) aglain F(x?) = F(Df(x?) + D(X)f(x) + g(x)D(x) dm¥unn x € R

agled F(x?) = [F(Df(x) + DX)]f(x) + gx)D(x) = F)f(x) + gx)D(x) dmwsunn x € R
sethy D u (£ g) - ouiusaesunuuay F iy (f g) - syiudmluuuuassuauuu R O

nunilenves (f,g) - oywus, (f,g) - aunusasuay, (f g) - aunus uaz (f g) - ouiusaosuau
vhly &l R by * - Sswazuuiladdu f Sadusunsdagiuvesieie involution * agyilild (x, g) - euwus,
(%, 8) - ouwusaesuAL, (*, ) - BuYiuS Waz (x, g)- euitusansuauvnlumuddu Fedamalildununsneail

ununsn el nduduwuiuiay RO « - 590 1 Jwendnualnisaa wazidu (n+1)!-torsion free
1 F: R > Ruaz D : R > Rifuilsddunisuin wae g : R - R fuaiiadugiuiaenadosiu

FG™1) = FGO() + gD )L + gD )2 + -+ g()"D(X)

dmiuyn x € R uda D 1lu (x, g) -ouiiusaesuauuaz F ilu(x, g) -ewiusvluuuusesuauuu R
dsduazanusena

osivneveiTell iemteulauiUsensiuansiilsidunsuinuusadu (f g) - syiusaesuay
wae (f, g) - ayiuseesuauiall e f uay g \Judunsdugiuuesss anuansfinwdnsiuililddeaguin feidu
nsuan F uaz D fidenndesiutouly

F(x™1) = Ff()" + g()D()f(x)" + g(x)2D()f(x)" "2 + -+ + g(x)"D(x)

aulu (£ g) - syiudimluuuusssuaunas (f g) - suiusaasuau auaiu drvnfinsiwdsundasiouluuig
Usznsazdsnalinaansvesilsidunisuiniilaasuudasluiuiu
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General Solution of the n-D Pompeiu Functional Equation
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Abstract.

The functional equations have been studied for decades. The functional equations can
be applied in mathematical modeling for various problems on physics, engineering or even
economics. In this paper, we study the pompeiu functional equation of the form

f(x+y+xy)=fX)+f(y)+ f(X)f(y) forall x,ye X
where X is a real Banach space. Next, we generalize the pompeiu functional equation to
n -dimensional functional equation which is in the form
f (f[(xi +1) —1) =ﬁ( f(x)+1)-1
i=1 i=1
for all x e X as i=123..,n. We then solve this equation for its general solution. We can
prove that a general solution obtained from n-D functional equation is f(x)=M(x+1)-1 for
all xe X, where M(x) is a multiplicative function. This solution is also a solution of the

classical pompeiu functional equation.
Keyword : pompeiu functional equation, general solution.

1. Introduction

A functional equation is an equation where its unknowns are function. The solution of
the functional equation is all functions satisfying that functional equation. Solution of the
equation can be found by various techniques such as substitution or changing of variables. For
example, one of the most well-known functional equation is the additive functional equation
of the form f(x+y)= f(x)+ f(y). This functional equation is sometimes called Cauchy

functional equation and has the solution to be f(x)=cx forall xeR and ceR

(Nakmahachalasint, 2013, pp. 31-32). Many functional equations have been studied. One of
them is the functional equation that arises from the operator on the abelian group. More

precisely, let G=RR\{-1}. Then (G,°) is an abelian group with the operator which is defined
by xoy=x+y+xy . This leads us to the functional equation of the form

f(x+y+xy)=f(x)+ f(y)+ f(x)f(y). The solution of such functional equation is a
characterization of the homomorphisms of the group (G, ). This functional equation is called

the pompeiu functional equation. Kannapan and Sahoo (1998, pp. 117-124) proved that if
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f : R — Rsatisfies of the pompeiu functional equation, then its solution of the functional
equation is f(x)=M(x+1)-1 forall xeR, where M(x) is a multiplicative function. Later,
this functional equation is studied in pexider form, which is

f(x+y+xy)+g(x+y—xy)=h(x)+k(y). This functional equation is called Pompeiu and

Hosszu functional equation (Vasile, 2014, pp. 193-198). Its solution is f(x) = A(x) +a,
g(x)=A(x)+b, h(x)=2A(x)+c, and k(x)=2A(x)+d forall xeR, where A(x) is an additive
function and a,b,c,d are some constants. In this paper, we generalize the pompeiu functional
equation to n-dimensional functional equation which is in the form

f []j(xi +1)—1j :ﬁ( f(x)+1)-1

i=1

forall x, e X as i=12,3...,n.This functional equation is then solved for a general solution.

2. Basic definitions
In this section, we provide some basic definitions related to our work. First, we begin
with the definition of a vector space which is defined as follows,

Definition 2.1 (Cherney et al., 2013, pp. 101-102) Let R be a set of real numbers. A vector
space (V,+,-,R) is aset V with two operations + and - satisfying the following properties

forall u,veV and c,d eR:
(i) (Additive Closure) u+veV .
(i) (Additive Commutativity) u+v=v+u.
(ili)  (Additive Associativity) (U+V)+w=U+(V+W).
(iv)  (Zero) Thereis a vector 0, €V , such that u+0, =u forall u in V.
(v) (Additive Inverse) For every u eV , there exists weV such that u+w=0, .
(vi)  (Multiplicative Closure) c-veV .
(vii)  (Distributivity) (c+d)-v=c-v+d-v.
(viii)  (Distributivity) c-(u+v)=c-u+c-v.
(ix)  (Associativity) (cd)-v=c-(d-v).
(x) (Unity) 1-v=v forall veV.

Next, we will talk about the definition of Banach space.
Definition 2.2 Let V be a vector space. A vector space V is complete if every Cauchy
sequences in the space always converge. A complete vector space V is a Banach space.

Moreover, a real Banach space is a complete vector space that operates under real vector
addition and scalar multiplication.
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In this paper, we talk about finding solution of to n -dimensional pompeiu functional
equation. Next, we bring the definition of dimensional number of functional equation which is
defined as follows,

Definition 2.3 The dimensional number of a functional equation is the number of
independent variables in the functional equation.

Example 1. Let f:R — R satisfy the functional equation f(x+1)=1—x for xeR. We can

see that this functional equation contains only one independent variable, x. So this equation
is one-dimensional functional equation.

Example 2. Let f:R—>R satisfy the functional equation f(x+y)=f(x)+ f(y) for
X,y € R. We can see that this functional equation contains only two independent variables, x

and vy . So this equation is 2-dimensional functional equation.

Later, we present the definition of multiplicative function.

Definition 2.4 Let X be a real Banach space. f: X — X is called a multiplicative function
if and only if f(xy)= f(x)f(y) forall x,ye X.

3. Main Results
In this section, the general solution of the modified pompeiu functional equation is
proposed. Frist, we begin with the three dimensional pompeiu functional equation. The
method used to find the solution of such functional equation is based on the method of
Kannapan and Sahoo(1998, pp. 117-124).
Theorem 3.1 Let X be a real Banach space. f:X — X satisfies the 3-D pompeiu functional
equation,
f(X+Y+2Z+Xy+XZ+YyzZ+Xyz)
= )+ f(Y+ @D+ fC)FW+T)F@)+ @) +F)F(Y)F(2)
for all x,y,zeX if and only if f(X)=M(x+1)—1 for all xeX and M: X —> X is a
multiplicative function.
Proof. Let X be areal Banach space.
Assume that f : X — X satisfies the 3-D pompeiu functional equation,
f(X+Y+2Z+Xy+XZ+YyzZ+Xyz)
=)+ f(+ @D+ T+ T)F@D)+TWNTF@)+T)F(Y)F() (1)
forall x,y,zeX.
By adding 1 on both sides of (1) and rewriting the terms on the right hand side, we get



1+ f(X+y+z+xy+xz+yz+xyz)=1+ f(X)A+ f(y)@Q+ (2)) 2
forall x,y,zeX.
Define F: X —» X as,

F(x)=1+f(x) , forall xeX. 3)
By substituting (3) into (2), we have
F(x+y+z+xy+xz+yz+xyz)=(F(X)(F(y))(F(z)) 4)

forall x,y,zeX.
Putting x by x-1, y by y-1 and zby z-1 in (4) and then simplifying the equation
yields
F(xyz—1)=(F(x-1))(F(y-1)(F(z-1) (5)
forall x,y,zeX.
Next, define M : X — X as,

M(x)=F(x-1) , forall xe X. (6)
Substituting (6) into (5), we have
M (xyz)=(M(x))(M(¥))(M(2)) (7)

forall x,y,zeX.
Finally, by using (3) and (6), we have
f(x)=M(x+1)-1 forall xe X.
Conversely, we assume that f(x)=M(x+1)—-1 for all xeX and M: X - X is a
multiplicative function.
We then substitute x by X+y+z+Xy+xz+Yyz+Xxyz to have

F(X+Y+Z+Xy+X2+YZ+Xy2) =M (X+Y+Z+Xy+XZ+YyzZ+xyz+1)-1.
We rewrite the above equation to be
f(X+y+z+xy+xz+yz+xyz)=M((x+D)(y+1)(z+1)-1
forall x,y,zeX.
Since M is a multiplicative function,
f(X+y+z+xy+xz+yz+xyz)=M(x+D)M(y+D)M(z+1) -1
forall x,y,zeX.
From assumption, we have M (x) = f(x—1)+1 forall xe X,
f(X+y+z+xy+xz+yz+xyz) =0+ f(x))Q+ f(y)L+f(2)-1
f(X+Y+2Z+Xy+XZ+YyzZ+Xyz)
= )+ f(Y+ @D+ +T)F@)+ @) +F)F(Y)F(2)
forall x,y,ze X.
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So that, f(x)=M(x+1)-1 for all xe X is solution of the 3-D pompeiu functional equation. m

Next, we expand our problem to the n-D pompeiu functional equation. The solution
of such functional equation is stated in the following theorem.

Theorem 3.2 Let X be real Banach space. f:X — X satisfies the n-D pompeiu functional
equation,
f[H(xi +1)—1J=H(f(xi)+1)—1
i=1 i=1
for all x, eX as i=123..,n if and only if f(x)=M(x+1)-1 is solution for all x, € X as
i=1,23..,nand M : X — X is a multiplicative function.
Proof. Let X be a real Banach space.
Suppose that f: X — X satisfies the n-D pompeiu functional equation,

f(ﬁ(xi+1)—1j=f[(f(xi)+1)—1 ®)

forall x, eX as i=123..,n.
First, we add 1 to both sides of the equation (8),

1+ f(ll[(xi +1)—1J=11[(1+ f(x)) 9)
forall x, e X as i=123...,n.
Define F: X — X as,
F(x)=1+f(X) , forall xe X (10)

Then we have

F(ﬁ(xi +1) —1j=f[(F(xi» (11)

forall x, e X as i=123...,n.
Later, we change xtox —1 as i=12,3...,n in (11) , we get

F[ﬁ(xi)—lj: (F(x-1)) (12)
forall x, e X as i=123...,n.
Define M: X — X as,
M(x)=F(x-1) , forall xe X (13)
Then we can rewrite (12) as
M (]j(xi)—lj:]j(lvl (%)) (14)

forall x, e X as i=123..,n.
Finally, by applying (10) and (13), we get
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f(x)=M(x+1)-1 forall xeX.
Conversely, we assume that f(x)=M(x+1)—1 for all xeX and M: X —> X is a
multiplicative function.

We then change x by 1_[(xi +1)-1 forall x e X as i=123..,n to have

i=1

f [lll(xi +1) —1j =M (ll[(xi +1)-1+1)-1.

From above equation, we rewrite

f (11[(xi +1)—1j= M (l_l[(xi +1) -1

forall x eX asi=123..,n.
Since M is a multiplicative function,

f(ll[(xi +1)—1j=ﬁM(Xi +1)-1
i=1 i=1
forall x eX asi=123..,n .
From assumption, we have M (x) = f(x—1)+1 forall xe X,
f(ﬁ(xi +1)—1j=f[(f(xi)+1)—1
i=1 i=1
forall x e X asi=123...,n .
Therefor, f(x)=M(x+1)—-1 forall xe X be the solution of the n-D pompeiu

functional equation.

4. Discussion and Further study

In this work, our objectives are to generalize the pompeiu functional equation and to
find the solution of such functional equation. We begin with the 3-D pompeiu functional
equation. Its solution is found to be f(x)=M(x+1)-1 for all xe X, where X is a real
Banach space and M(x) is a multiplicative function. Later, we enlarge the problem to a
general form, which is the n-D pompeiu functional equation. The solution of the functional
equation is the same solution as 3-D pompeiu functional equation. In the future, we will study
how to prove the stability of the functional equation and expand the search to superstability of
such functional equation.

References

Cherney, D., Denton, T., Thomas, R., & Waldron, A. (2013). Linear Algebra. Davis
California, 101-109.

2-54



Kannapappan, PL.,& Sahoo, P.K.(1998). On Generalizations of the Pompeiu Functional
Equation. Internat. J. Math. & Math. Sci.21(1), 117-124.

Nakmahachalasint, P.(2013). The Cuachy functional equation. Theory of Functional
Equations. Bangkok: Danex Intercoporationv. Co.,Ltd.

Vasile, P.(2014). The Pexider Version of a functional equation related to Pompeiu’s and
Hosszu equations. Journal of Science and Arts.3(28), 193-198.

2-55



The 2" Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

AaNTsuNsEEuAEINUINTIEIUNDIVNT MUY

o

% 4 '3
saylzuuﬂanwm WIW’G'jI'JiTCN
wingayinenmansunyudin annisdeundinans un1ine dedednl
email: thunya_aom2426@hotmail.com

UNAneg
ASANYIATIY

Ky

npUszasAliie (DANw AU dnsidiuvesasdnfanssunisiousises dnsidiumes

4
= P

Uuﬁ?ﬂﬂ’]ﬂu‘i{lﬂé 2) L‘WE)L‘UiEJ‘UL‘V]EJ‘Uﬂ’]’]ll?ﬂll’]iﬂi‘ur]’]5L%‘Eluiﬁ@ﬂélﬁﬁ']ﬁl?uwaﬂUuﬁ’Nﬂ’]EJZLIquHEj NOULATNAINITIA

P

AanssunisiBoud uaz GiteAnwianuiianeladonisdnfanssunisoudlutes Snmdrunesuuinenionywd
naudildlunisifendsdfutinEou dusseudnu® 2 nadeud 1 Un1sine 2562 vedsaioutmesingau
sunofmos Smiafivalan $1uru 25 au wedesdefldluns@nwiusznoudie (1) ununsdnfanssunsiioud
$1uu 6 wny TnanlunsdnfenssuBounsasudmou 9 $alus (2) wwuneaeuneuisuLazndadoy (3) lu
AanssumsBeus uag (@) wuuUszidiurnufiansladenisdnfanssunisifoudizes sandunesuuinameouyed
Ainsesideyalasnsmeniosas Anade dmidoauuinsgu uazaddvaaeuei

nanIfenuin iledafanssunsiFeud Fes Snsndrumesuusiamenywd dniFoust (1) Wannnslums
L%'auiwé’qL%'&Jul,ﬁmﬁﬁumﬂﬁauﬁau pgailtloddnsadafisedu .05 uag (2) faedsanuiwelavesinEeudi
Aonsinnanssy IneTwegluseAuuin

AdAeY: N195EUFENTIEILEY , RANTININTIEILVY , SATIEIUNBIVUSINIBUYYE

Learning Activity About the Golden Ratio on Human Body

Tunyaluk Thepsuwan

Master of Science Program, Teaching Mathematics, Chiang Mai University
email: thunya_aom2426@hotmail.com

Abstract

The purpose of this study were to study about the Golden Ratio and create an learning
activity about Golden Ratio in human bodies. We would like to (1) compare students’ ability
before and after learning the activity about Golden Ratio in human bodies, and (2) find
students’ satisfaction on this learning activity.

The target group included 25 grade 10 students enrolled in the first semester of 2019
academic year at Wangthong Pittayakhom school, Wangthong district, Pitsanulok province.
The instruments were (1) 6 mathematics learning plans for 9 teaching hours (2) pretest and
posttest, (3) learning activity worksheets (4) satisfaction form for learning this activity. Data
was analyzed in terms of average, percentage, standard deviation and t-test.

The study results were the following: (1) The students’ achievement from posttest was
higher than pretest with the statistical significance at .05 level. (2) The average of students’
satisfaction on this learning activity is at high level.

Keywords: Learning Golden Ratio , The golden ratio on the human body
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Rough Interior Ideals and Rough Quasi-ldeals in Approximation Spaces of

Semigroups under Preorder and Compatible Relations
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Abstract

In this paper, a rough interior Ideal and a rough quasi-ldeal in an approximation space of a
semigroup under a preorder and compatible relation are proposed. As introduced above, corresponding
examples are presented. Next, we provide a sufficient condition for the rough interior Ideal (resp., rough
quasi-ldeal). Finally, we give a necessary and sufficient condition for a homomorphic image of the rough
interior Ideal (resp., rough quasi-ldeal).

Keywords: rough interior Ideal; rough quasi-ldeal; approximation space; semigroup; preorder and

compatible relation
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1. Introduction
In 1982, Pawlak (Pawlak, 1982) introduced Pawlak's rough set theory. Mathematically, this is a classical

tool for assessing problems and decision problems in many fields with respect to set theory. Pawlak's
rough set theory has been regarded as an approximation processing model of sets induced by
equivalence relations. Based on a Pawlak's approximation space induced by an equivalence relation (a
pair of a non-empty universal set with an equivalence relation), a non-empty subset of the given universe
is approximated by the following sets.

The Pawlak's upper approximation set is the union of equivalent classes which have a non-empty
intersection with the given non-empty subset (The set of all possibly elements with respect to a property
of the given non-empty subset).

The Pawlak's lower approximation set is the union of equivalent classes which are subsets of the given
non-empty subset (The set of all certainly elements with respect to a property of the given non-empty
subset).

The Pawlak's boundary region is a difference of the upper approximation and the lower approximation
(The set of all uncertain elements with respect to a property of the given non-empty subset).

The Pawlak's rough set of the given non-empty subset is defined by meaning of a pair of upper and
lower approximations, where the difference of upper and lower approximations is a non-empty set.
Otherwise, the given non-empty subset is said to be a Pawlak's definable set. The combination of
semigroup theory and Pawlak's rough set theory is one of the most interesting varieties. In 1997, Kuroki
(Kuroki, 1997) proposed the concepts of rough semigroups (resp. ideals) in approximation spaces of
semigroups induced by congruence relations, and provided sufficient conditions of rough semigroups
(resp. ideals). In 2006, Xiao and Zhang (Xiao, 2006) introduced the concepts of rough completely prime
ideals in approximation spaces of semigroups induced by congruence relations, and provided sufficient
conditions of rough completely prime ideals. They verified the relationship between rough completely
prime ideals (resp. ideals) and the homomorphic image of rough completely prime ideals (resp. ideals)
under homomorphism problems. In 2012, Naveed, Muhammad and Ronnason (Naveed, Muhammad and
Ronnason, 2012) proposed the notions of rough prime bi-ideals in approximation spaces of semigroups
induced by congruence relations, and provided sufficient conditions of rough prime bi-ideals. Based on a
binary relation between two universes, Rukchart and Manoj (Rukchart and Manoj, 2019) introduced a
generalized rough set in 2019. Especially, they defined rough semigroups, rough ideals, and rough
completely prime ideals in semigroups under approximation spaces induced by preorder and compatible
relations, including provided sufficient conditions for them, and proved necessary and sufficient
conditions of their homomorphic images.

In this research, after providing some fundamentals of semigroups, binary relations and generalized
rough sets in Section 2, we firstly introduce rough interior ideals and rough quasi-ideals in semigroups
under approximation spaces induced by preorder and compatible relations in Section 3. Then, we provide
sufficient conditions for them. In the end, the relationships between rough interior ideals (resp., rough

quasi-ideals) and their homomorphic images are investigate.
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2. Preliminaries

2.1 Some basic attributes in semigroups

Definition 2.1.1. (Clifford and Preston, 1961) A semigroup (S,7) is defined as an algebraic system, where S
is @ non-empty set and "+ " is an associative binary operation on S. Throughout this paper, S stands for a

semigroup.

Definition 2.1.2. (Clifford and Preston, 1961) Let S be a semigroup. An element s in S is called an
idempotent element if s? = s. For any X € S, the set of all idempotents in X is denoted by E(X).

Definition 2.1.3. (Clifford and Preston, 1961) Let S be a semigroup and let X be a non-empty subset of S.
X is called a right ideal (resp., a left ideal) of S if XS € X (resp., SX € X). X is called an ideal of S if it is a
right ideal and a left ideal of S.

Definition 2.1.4. (Clifford and Preston, 1961) Let S be a semigroup. S is called a semisimple semigroup if

X = E(X) for every ideal X of S.

Definition 2.1.5. (Howie, 1976) Let S be a semigroup. S is called a commutative semigroup if s;5, = $,8;

for all s4,s, €S.

Definition 2.1.6. (Mordeson, Malik and Kuroki, 2010) Let S be a semigroup and let X be a non-empty
subset of S. X is called an interior ideal of S if SXS € X.

Theorem 2.1.7. (Mordeson, Malik and Kuroki, 2010) Let § be a semigroup. S is a semisimple semigroup if

and only if X N Y = XY for every interior ideal X and every ideal Y of S.

Definition 2.1.8. (Mordeson, Malik and Kuroki, 2010) Let S be a semigroup and let X be a non-empty
subset of S. X is called a quasi-ideal of S if XS N SX € X.

2.2 Some basic definitions of binary relations

Throughout this paper, U and V denote two non-empty universal sets.
Definition 2.2.1. (Zach, 2017) Let P(U x V) be a collection of all subsets of U x V. An element in
P(U x V) is called a binary relation from U to V. An element in P(U X V) is called a binary relation on

uifu="V.

Definition 2.2.2. (Zach, 2017) Let 8 be a binary relation on U.
(1) 6 is called reflexive if forall u € U, (u,u) € 6.
(2) 6 is called transitive if for all uy, u,, us € U, (uq,u,) € 6 and (u,,u;) € 0imply (uq,us) € 6.
(3) 6 is called symmetric if for all uy, u, € U, (uq,u,) € 8 implies (u,,u,) € 6.
(4) If 8 is reflexive and transitive, then 6 is called a preorder relation.

(5) If 8 is reflexive, transitive and symmetric, then 8 is called an equivalence relation.
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Definition 2.2.3. (Zach, 2017) Let 8 be an equivalence relation on U. For an element u € U, the set
[ulg ={veVv:(u,v) € 6} (2.2.1)
is called an equivalence class of u induced by 8.

Definition 2.2.4. (Howie, 1976) Let 8 be a binary relation on S. 8 is called compatible (with the operation
on S) if for all sy,8,,53 €S, (51,52) € 0 implies (s;53,5,53) € 6 and (s351,535,) € 0. If 0 is an equivalence

relation with compatible, then it is called a congruence.

2.3 Fundamentals of generalized rough sets in semigroups

Definition 2.3.1. (Rukchart and Manoj, 2019) Let 6 be a binary relation from U to V. For an element

u € U, the set
Sw:={weV:(uv) € b} (2.3.1)
is called a successor class of u induced by 6.

Definition 2.3.2. (Rukchart and Manoj, 2019) Let 8 be a binary relation from U to V. For an element

u, € U, the set
PSy(uy) := {uy € U:Sp(uz) S Sp(uq)} (2.3.2)
is called a portion of the successor class of u, induced by 8. PS (U) is denoted as a collection of

PSy(u) forallu € U.

Definition 2.3.3. (Rukchart and Manoj, 2019) Let 6 be a binary relation from U to V. The triple
(U, V,PSy()) is called a PSy(U)-approximation space. If U = V, then (U,V,PS,(U)) is replaced by a
pair (U, PS,(U)).

Definition 2.3.4. (Rukchart and Manoj, 2019) Let (U,V,PS,(U)) be a PS,(U)-approximation space and let
X be a non-empty subset of U. The set

0(X) = {ueU:PSy(w)n X #+ @} (2.3.3)
is called a PSq (U)-upper approximation of X (The set of all possibly elements with respect to a property

of the given non-empty subset). The set
0(X):= {uelU:PSy(u) c X} (2.3.4)

is called a PSy (U)-lower approximation of X (The set of all certainly elements with respect to a property
of the given non-empty subset). The set

Opna(X) := 0(X) = 0(X) (2.3.5)

is called a P§ (U)-boundary region of X (The set of all uncertain elements with respect to a property of
the given non-empty subset). If 8,,4(X) # @, then 8(X) = (0(X), 8(X)) is called a PS (U)-rough set of
X. In this way, we say that X is a P§ (U)-rough set. If 8p,4(X) = @, then X is called a PS,(U)-definable

set.
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Remark 2.3.5. Based on Definition 2.3.4, note that every Pawlak’s rough set is a PS (U)-rough set.
Conversely, it is not true in general. Indeed, a PS (U)-roush set is a generalization of a Pawlak’s rough set
whenever a binary relation is an equivalence relation, that is, Equation (2.2.1) and Equation (2.3.2) are
identical. As proposed above, a corresponding example is considered as Example 1 in (Rukchart and

Manoj, 2019).

Proposition 2.3.6. (Rukchart and Manoj, 2019) Let (U, V,PSy(U)) be a PS (U)-approximation space. If X
and Y are non-empty subsets of U, then the following statements hold.

(1)6() =Uand §(U) = U.

(2) X € 6(X) and (X) € X.

(3) (X NY) = 8(X) N O(Y).

(4) If X S Y, then8(X) S H(Y )and B(X) € 6(Y).

Definition 2.3.7. (Rukchart and Manoj, 2019) Let (U,V,PS (U)) be a PS (U)-approximation space and let
X be a non-empty subset of U. If 8(U) is a non-empty proper subset of X, then X is called a set over a

non-empty interior set.

Remark 2.3.8. Using the similar method in the proof of Proposition 4 in (Rukchart and Manoj, 2019), it is
easy to see that if X is a non-empty subset of U over a non-empty interior set, then it is a PSg(U)-rough

set.

Definition 2.3.9. (Rukchart and Manoj, 2019) Let (S,PS (S)) be a PS (S)-approximation space.

(S,PS (5))is called a PS (S)-approximation space type PCR if 8 is a preorder and compatible relation.

Definition 2.3.10. (Rukchart and Manoj, 2019) Let (S,PS (S)) be a PS (S)-approximation space type
PCR. 6 is called a complete relation if for all s;,s, €S, (PS (51))(PS (55)) = PS (5153). (S,PSe(S)) is

called a PS (S)-approximation space type CR if 8 is a complete relation.

Remark 2.3.11. According to Definitions 2.3.9 and 2.3.10, every PS§ (S)-approximation space type CR is a

PS (S)-approximation space type PCR.

Proposition 2.3.12. (Rukchart and Manoj, 2019) Let (S,PS (S)) be a PS (S)-approximation space. Then
the following statements hold.

(1) If (S,PS4(S)) is a PS (S)-approximation space type PCR, then (8(X))(8(Y)) € 8(XY) for every
non-empty subsets X and Y of S.

(2) If (5,PSe(8)) is a PS (S)-approximation space type CR, then (8(X))(6(Y)) S 6(XY) for every non-

empty subsets X and Y of S.
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Theorem 2.3.13. (Rukchart and Manoj, 2019) Let (S,PS (S)) be a PS (S)-approximation space and let X
be a non-empty subset of S. If X is an ideal of S in (S,PS (S)) type PCR, then 8(X) is an ideal of S.

Proposition 2.3.14. (Rukchart and Manoj, 2019) Let f be an epimorphism from S in (S,PS (S)) to T in
(T, PSg(T)), where the binary relation 6 is defined by

0 = {(51,5,) €ES X S:(f(s1), f(sy)) € 9}. (2.3.6)
Then the following statements hold.
(1) £(6(X)) = I(f(X)) for every non-empty subset X of S.
(2) If fis injective, then f(8(X)) = 9(f (X)) for every non-empty subset X of §.

3. Main Results
In this section, we introduce a rough interior ideal and a rough quasi-ideal in a PS (S)-approximation

space type PCR. Then we provide sufficient conditions for them. Based on homomorphism problem in
semigroup, we give a necessary and sufficient condition for a homomorphic image of the rough interior

ideal (resp., rough quasi-ideal).

Definition 3.1. Let (S,PS (S)) be a PS (S)-approximation space type PCR and let X be a non-empty
subset of S. X is called a PS (S)-upper rough interior ideal if 0(X) is an interior ideal of S. X is called a
PS (S)-lower rough interior ideal if 8(X) is an interior ideal of S. X is called a PS (S)-rough interior ideal
if it is a PS8y (S)-upper rough interior ideal, a PS (S)-lower rough interior ideal and a P§ (S)-rough set.

Similarly, we can define a P§ (S§)-rough quasi-ideal. We consider the following example.

Example 3.2. Based on Example 3 in (Rukchart and Manoj, 2019), let S = {sy, s, S3, 54, S5} be a semigroup
with multiplication rules defined by Table 1.

Table 1 The multiplication table on §

S1 S2 S3 Sy Ss
S1 S1 S1 S3 S1 Ss
S2 S1 S2 S3 S1 Ss
S3 S3 S3 S3 S3 S3
Sy S1 S1 S3 Sg Ss
Ss Ss Ss S3 Ss Ss

Letd = {(sl' Sl)' (Sll SZ)' (Slv S4-)r (SZ' Sl)' (SZ' 52)' (52' 54)' (53' SS)’ (53' SS)! (54! Sl)' (54' SZ)! (54! 54)! (SSr SS)}'
Then, it is easily seen that 6 is a preorder and compatible relation. According to Equation (2.3.1) in
Definition 2.3.1, we get

S (51) = {51'52!54}’
S (52) = {51'52!54}’
S (s3) = {s3, 5},

S (54-) = {51152'54}1

S (ss) = {ss}.
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According to Equation (2.3.2) in Definition 2.3.2, we get

PS (s1) =S (s1),
PS (s3) =S (s3),
PS (s3) =S (s3),
PS (s4) =S (s4),
PS (s5) =S (s5).

Suppose that X = {s,,s3,55} is a non-empty subset of S, which is a set for an approximation in
(S,PS (S)) type PCR. Then, by Equations (2.3.3) and (2.3.4) in Definition 2.3.4, we see that 8(X) = S
and 0(X) = {s3, 55}, respectively. Hence 6,,4(X) # @, and so X is a PS (S)-rough set. Moreover, it is
easily verified that 8(X) and 6(X) are interior ideals and quasi-ideals. It follows that X is a PS (S)-(resp.,

upper, lower) rough interior ideal and X is a PS (S)-(resp., upper, lower) rough quasi-ideal.

Theorem 3.3. Let (S,PS5(S)) be a PS (S)-approximation space and let X be a non-empty subset of S.
Then we have the following statements.

(1) If X is an interior ideal of S in (S, PS (S)) type PCR, then itis a PS (S)-upper rough interior ideal.

(2) If X is an interior ideal of S in (S,PS (S)) type CR with respect to a non-empty 8(X), then it is a
PS (S)-lower rough interior ideal.

(3) If X is an interior ideal of S over a non-empty interior set in (S,PS (S)) type CR, then it is a
PS (§)-rough interior ideal.
Proof. (1) Suppose that X is an interior ideal of S in (S,PS (S)) type PCR. Then SXS < X. By Proposition
23.6 (2), we get X C 6(X). Thus 6(X) # @. By Proposition 2.3.6 (4), we obtain 6(SXS) € 6(X). By
Proposition 2.3.6 (1), we have 6(S) = S. From Proposition 2.3.12 (1), it follows that

s(000)s =(85)) (800)(6(5)) < B(sXS) < HX).

Hence 6(X) is an interior ideal of S. Therefore, X is a PS (8)-upper rough interior ideal.

(2) From Propositions 2.3.6 (1) and (4), 2.3.12 (2) and using the similar method in the proof of
argument (1), we can prove that the statement is true under (S, PS (S)) type CR.

(3) From Remark 2.3.8 and arguments (1) and (2), we can prove that the statement is true.

Theorem 3.4. Let (S,PSy(S)) be a PS (S)-approximation space and let X be a non-empty subset of S.
Then we have the following statements.

(1) If X is a quasi-ideal of S in (S, PSs (S)) type PCR, where S is semisimple and commutative, then it is
a PSq(S)-upper rough quasi-ideal.

(2) If X is a quasi-ideal of S in (S,PS (S)) type CR with respect to a non-empty (X), then it is a
PS (S)-lower rough quasi-ideal.

(3) If X is a quasi-ideal of S over a non-empty interior set in (S,.‘PS (S)) type CR, where S is

semisimple and commutative, then it is a PSy(S)-rough quasi-ideal.



Proof. (1) Suppose that X is a quasi-ideal of S in (S,PSy(S)) type PCR, where S is semisimple and
commutative. Then XS N SX € X. By Proposition 2.3.6 (4), we get that (XS N SX) € (X). Note that XS
is a right ideal and SX is a left ideal of S. Since S is commutative, XS and SX are ideals of S. Then, by
Theorem 2.3.13, we obtain that 8(XS) and 6(SX) are ideals of S. Note that XS is an interior ideal of S.
Then, by Theorem 3.3 (1), we obtain 8(XS) is an interior ideal of S. Since S is semisimple, by Theorem
2.1.7, we get XS N SX = (XS)(SX) and 8(XS) N G(SX) = (E(XS)) (é(sx)). From Propositions 2.3.6 (1)
and 2.3.12 (1), it follows that
(5()()) sns (E(X)) = (E(X)) (5(5)) N (5(5)) (E(X))

C 6(XS) N 6(SX)

= (E(XS)) (E(SX))

< 8((X$)(SX))

=0((XS) n (5X))
c 6(X).

Thus 6(X) is a quasi-ideal of S. This means that X is a PS (S)-upper rough quasi-ideal.
(2) Suppose that X is a quasi-ideal of S in (S,PS (S)) type CR with respect to a non-empty 6(X).

Then XS N SX € X. From Proposition 2.3.6 (1) and (3) and Proposition 2.3.12 (2), it follows that

(e0)sns(e00) = (e)) (6()) n (609)) (80))
< H(XS) N O(SX)
= 6((x$) n (X))
c 0(X).

Hence 8(X) is a quasi-ideal of S. It follows that X is a PS (S)-lower rough quasi-ideal.

(3) From Remark 2.3.8 and arguments (1) and (2), we can prove that the statement is true.

Theorem 3.5. Let f be an epimorphism from S in (S,PS (S)) to T in (T, PSy(T)) type PCR, where 6 is
defined as Equation (2.3.6) in Proposition 2.3.14. If X is a non-empty subset of S and f is injective, then
we have the following statements.
(1) f(X) is a PSy(T)-upper rough interior ideal if and only if X is a PS (S)-upper rough interior ideal.
(2) f(X) is a PSy(T)-lower rough interior ideal if and only if X is a PS (S)-lower rough interior ideal.
(3) f(X) is a PSy(T)-rough interior ideal if and only if X is a P§ (S)-rough interior ideal.
Proof. (1) Suppose that f(X) is a PSy(T)-upper rough interior ideal. Then T (E(f(X))) T c E(f(X))‘ Let
s;1 €S (§(X)) S. By Proposition 2.3.14 (1), we obtain
fsef(s(emn)s)=1(9(rx))T < 9(F00) = £ (80%)).
Thus there exists s, € 8(X) such that f(s;) = f(s,). Hence PS (s,) N X # @. Since f is injective, we have
s; = S,. Thus PS (s;) N X # @. Hence s; € 6(X). Whence S(E(X))S C 6(X). Hence 6(X) is an interior

ideal of S. Therefore, X is a PS (S)-upper rough interior ideal.
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Conversely, assume that X is a PS (S)-upper rough interior ideal. Then S (E(X)) S € 6(X). Thus
f(s(800)s) < £(80x)). By Proposition 2.3.14 (1), we have
T (E(f(x))) T=f (5 (é(x)) 5) cf (E(X)) =3(F D).
Hence E(f(X)) is an interior ideal of T. Therefore, f(X) is a PSy(T)-upper rough interior ideal.
(2) By Proposition 2.3.14 (2) and using the similar method in the proof of argument (1), we can prove
that the statement is true.

(3) Under the injective mapping f, the proof is obvious from arguments (1) and (2).

Theorem 3.6. Let f be an epimorphism from S in (S,PS (S)) to T in (T,PSy(T)) type PCR, where 6 is
defined as Equation (2.3.6) in Proposition 2.3.14. If X is a non-empty subset of S and f is injective, then
we have the following statements.

(1) f(X) is a PSy(T)-upper rough quasi-ideal if and only if X is a PS (S)-upper rough quasi-ideal.

(2) f(X) is a PSy(T)-lower rough quasi-ideal if and only if X is a PS (S)-lower rough quasi-ideal.

(3) f(X) is a PSy(T)-rough quasi-ideal if and only if X is a PS (S)-rough quasi-ideal.
Proof. (1) Suppose that f(X) is a PS,(T)-upper rough quasi-ideal. Then 5(f(X)) is a quasi-ideal of T.
Thus (9(F(0)) T T (9(£(X))) € 9(F(D). Let 5, € (8(X)) S n5(8(X)). Then we have s, € (B(X)) s
and s; € S(E(X)). Hence f(s;) € f((E(X))S) and f(sy) € f(S (E(X))). By Proposition 2.3.14 (1), we
et that £(s;) € (9(F(0))) T n T (3(FC0))). Thus

fs) € (8(r)) T T (3(r0)) € 9(F0) = £ (B0).

Thus there exists s, € 8(X) such that f(s;) = f(s,). Hence PS (s,) N X # @. Since f is injective, we have
Sy = S,. Thus PSy(s;) N X # @. Hence s; € 8(X). Whence (E(X)) sns (§(X)) < 9(X), which yields 8(X)
is a quasi-ideal of S. It follows that X is a PS (S)-upper rough quasi-ideal.

Conversely, suppose X is a PS (S)-upper rough quasi-ideal. Then 6(X) is a quasi-ideal of S. Thus
(5()()) sns (5()()) c 8(X). Hence f ((E(X)) sns (5(X))) cf (E(X)). Since f is injective, it is easy to
prove that f ((5(}()) S) nf (5 (5(}())) =f <(§(X)) sns (5(}())). By Proposition 2.3.14 (1), we obtain

(B(re0))Tar (3(re0)) = £((800)s) n £ (s (800)) € £ (800) = 3(F0).
Thus 9(f (X)) is a quasi-ideal of T. Consequently, f(X) is a PSy(T)-upper rough quasi-ideal.

(2) By Proposition 2.3.14 (2) and using the similar method in the proof of argument (1), we can prove

that the statement is true.

(3) Under the injective mapping f, the proof is obvious from arguments (1) and (2).

2-73



References
Pawlak, Z. (1982). Rough sets. International Journal of Information and Computer Security, 11, 341-356.

Kuroki, N. (1997). Rough ideals in semigroup. Information Sciences, 100, 139-163.

Xiao, Q. M., & Zhang, Z. L. (2006). Rough prime ideals and rough fuzzy prime ideals in Semigroups.
Information Sciences, 176, 725-733.

Naveed, Y., Muhammad, A., & Ronnason, C. (2012). Rough prime bi-ideals and rough fuzzy prime bi-ideals
in semigroups. Annals of Fuzzy Mathematics and Informatics, 3(2), 203-211.

Rukchart, P., & Manoj, S. (2019). Applying generalized rough set concepts to approximation spaces of
semigroups. IAENG International Journal of Applied Mathematics, 49(1), 51-60.

Clifford, A. H., & Preton, G. B. (1961). The algebraic theory of semigroups. |, Il. American Mathematical
Society.

Howie, J. M., (1976). An Introduction to semigroup theory. Academic Press.

Mordeson, J. N., Malik, D. S., & Kuroki N. (2010). Fuzzy semigroups. Springer-Verlag, Berlin, Heidelberg. New
York.

Zach, R. (2017). Sets, logic and computation. University of Calgary.

2-74



The 2™ Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

lu-lefasviuazlu-lafaanizinludiglinsussunavasnengunielannuduius

NIDDLABSHATADULNILLA

Syl YuTnil suwssas Neuwaan? Snund Usiesgnee’

AEINEIManswaziAlulal WnInedeYAquATaITIA

email: 'thanwarat.c@nsru.ac.th, 2thanapan.p@nsru.ac.th, *rukchart.p@nsru.ac.th

v

UnAnga

TusAded §3teldinistennlu-lefasuarlulofaanizinluuigiinisUssanavesindunisld
Aruduiuswioanasuaraouuniila nieuiaiiaueiietsfiaonadoatumarinuadandn Tnegidoasyinig
figaunquiilemfevludivamedmiulu-lofasnuazlu-lofaany3 uazvhnsiganquiilemevlvduiy
wazieanedmsunmaniadugiuvedlu-lefasiuaslu-lefamniz s auddu

Adaey: Tu-lefasul lu-lediaamez sl Usginisuseunn Aandu Anuduiusnioanasuazaouundila

2-75



Rough Bi-Ideals and Rough Prime Bi-ldeals in Approximation Spaces of

Semigroups under Preorder and Compatible Relations

Thanwarat Chatcharat®, Thanapan Pinpassa®, Rukchart Prasertpong®

Faculty of Science and Technology, Nakhon Sawan Rajabhat University, Nakhon Sawan, Thailand

email: 2thanwarat.c@nsru.ac.th, "thanapan.p@nsru.ac.th, rukchart.p@nsru.ac.th

Abstract

In this work, we introduce a rough bi-ideal and a rough prime bi-ideal in an approximation space of
a semigroup under a preorder and compatible relation, with corresponding examples. Then, we provide
sufficient conditions for them. In the end, we give a necessary and sufficient condition for a homomorphic
image of the rough bi-ideal (resp., rough prime bi-ideal).
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1. Introduction
Pawlak's rough set theory, introduced by Pawlak (Pawlak, 1982) in 1982, offers an alternative toolset to

deal with incomplete information. This tool is defined as an approximation model of sets induced by
equivalence relations. Under a Pawlak's approximation space induced by an equivalence relation (a pair
of a non-empty universal set with an equivalence relation), a non-empty subset of the given universe is
approximated by the following sets.

The Pawlak's upper approximation set is the union of equivalent classes which have a non-empty
intersection with the given non-empty subset (The set of all possibly elements with respect to a property
of the given non-empty subset).

The Pawlak's lower approximation set is the union of equivalent classes which are subsets of the given
non-empty subset (The set of all certainly elements with respect to a property of the given non-empty
subset).

The Pawlak's boundary region is a difference of the upper approximation and the lower
approximation (The set of all uncertain elements with respect to a property of the given non-empty
subset).

The Pawlak's rough set of the given non-empty subset is defined by meaning of a pair of upper and
lower approximations, where the difference of upper and lower approximations is a non-empty set.
Otherwise, the given non-empty subset is said to be a Pawlak's definable set.

Because of new thinking with respect to trend, Pawlak's rough set theory has been becoming an
attractive intelligent information processing tool in approximation spaces of semigroups. In 1997, Kuroki
(Kuroki, 1997) introduced the notions of rough semigroups (resp. ideals) in approximation spaces of
semigroups induced by congruence relations, and provided sufficient conditions of rough semigroups
(resp. ideals). In 2006, Xiao and Zhang (Xiao, 2006) proposed the notions of rough completely prime
ideals in approximation spaces of semigroups induced by congruence relations, and provided sufficient
conditions of rough completely prime ideals. Also, they studied the relationship between rough
completely prime ideals (resp. ideals) and the homomorphic image of rough completely prime ideals
(resp. ideals) under homomorphism problems. In 2012, Naveed, Muhammad and Ronnason (Naveed,
Muhammad and Ronnason, 2012) proposed the notions of rough prime bi-ideals in approximation spaces
of semigroups induced by congruence relations, and provided sufficient conditions of rough prime bi-
ideals.

In 2019, Rukchart and Manoj (Rukchart and Manoj, 2019) introduced a generalized rough set under an
approximation space induced by a binary relation between two universes. Moreover, they proposed rough
semigroups, rough ideals, and rough completely prime ideals in semigroups under approximation spaces
induced by preorder and compatible relations, including provided sufficient conditions for them, and
provided necessary and sufficient conditions of their homomorphic images.

In this paper, we propose rough bi-ideals and rough prime bi-ideals in semigroups under approximation
spaces induced by preorder and compatible relations. Then, we provide sufficient conditions for them.

Finally, we give necessary and sufficient conditions of their homomorphic images.

2-77



2. Preliminaries
In this section, we recall some important definitions and results of semigroups, relations and

generalized rough sets in semigroups. Such definitions and results are used in the following section for

references.

2.1 Some basic definitions in semigroups
Definition 2.1.1. (Clifford and Preston, 1961) A semigroup (S,") is defined as an algebraic system, where S
is a non-empty set and "+ " is an associative binary operation on S. Throughout this paper, S denotes a

semigroup.

Definition 2.1.2. (Clifford and Preston, 1961) Let S be a semigroup and let X be a non-empty subset of S.
X is called a subsemigroup of S if X? € X.

Definition 2.1.3. (Good and Hughes, 1952) Let S be a semigroup and let X be a subsemigroup of S. X is
called a bi-ideal of S if XSX € X.

Definition 2.1.4. (Naveed, Muhammad and Ronnason, 2012) Let S be a semigroup and let X be a bi-ideal

of §. X is called a prime bi-ideal of S if for all s4,5,,55 €S, 5;5,55 € X implies s; € X or 53 € X.

2.2 Some basic definitions of binary relations

Throughout this paper, U and V' denote two non-empty universal sets.
Definition 2.2.1. (Zach, 2017) Let P(U X V) be a collection of all subsets of U X V. An element in
P(U x V) is called a binary relation from U to V. An element in P(U x V) is called a binary relation on

uifu ="V.

Definition 2.2.2. (Zach, 2017) Let 8 be a binary relation on U.
(1) 6 is called reflexive if forall u € U, (u,u) € 6.
(2) 6 is called transitive if for all uy, u,, uz € U, (uy,u,) € 8 and (u, ,uz) € 9imply (uq,us) € 6.
(3) 6 is called symmetric if for all uy,u, € U, (uq,u,) € 0 implies (u,,u,) € 6.
(4) If 8 is reflexive and transitive, then 6 is called a preorder relation.

(5) If 8 is reflexive, transitive and symmetric, then 6 is called an equivalence relation.

Definition 2.2.3. (Zach, 2017) Let 8 be an equivalence relation on U. For an element u € U, the set
[ulg ={veV:(u,v) € 6} (2.2.1)
is called an equivalence class of u induced by 8.

Definition 2.2.4. (Howie, 1976) Let 8 be a binary relation on S. 8 is called compatible (with the operation
on S) if for all sq,5,,53 €S, (51,52) € 0 implies (s153,5,53) € 6 and (s351,535,) € 0. If 0 is an equivalence

relation with compatible, then it is called a congruence.
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2.3 Fundamentals of generalized rough sets in semigroups

Definition 2.3.1. (Rukchart and Manoj, 2019) Let 8 be a binary relation from U to V. For an element u €

U, the set
So(w) ={veV:(uv) € 6} (2.3.1)
is called a successor class of u induced by 6.

Definition 2.3.2. (Rukchart and Manoj, 2019) Let 8 be a binary relation from U to V. For an element u, €

U, the set
PSy(uy) = {u; € U:Sy(uy) S Sp(uy)} (2.3.2)
is called a portion of the successor class of u, induced by 8. PSq(U) is denoted as a collection of

PSy(u) forallu € U.

Proposition 2.3.3. (Rukchart and Manoj, 2019) Let 8 be a binary relation from U to V. Then u € PS,(w)

forallu € U.

Definition 2.3.4. (Rukchart and Manoj, 2019) Let 8 be a binary relation from U to V. The triple
(U,V,PSy(U)) is called a PSy(U)-approximation space. If U =V, then (U,V,PS,(U)) is replaced by a
pair (U, PS,(U)).

Definition 2.3.5. (Rukchart and Manoj, 2019) Let (U, V,PS,(U)) be a PS,(U)-approximation space and let
X be a non-empty subset of U. The set

0(X) = {u€U:PSy(u)N X # @} (2.3.3)
is called a PSq (U)-upper approximation of X (The set of all possibly elements with respect to a property

of the given non-empty subset). The set
0(X):= {uelU:PSy(u) S X} (2.3.4)

is called a PSy (U)-lower approximation of X (The set of all certainly elements with respect to a property
of the given non-empty subset). The set

Opna(X) := 0(X) = 0(X) (2.3.5)

is called a PSq(U)-boundary region of X (The set of all uncertain elements with respect to a property of
the given non-empty subset). If 8,,4(X) # @, then 8(X) = (0(X), (X)) is called a PS,(U)-rough set of
X. In this way, we say that X is a PSg(U)-rough set. If 8,q(X) = @, then X is called a PS,(U)-definable

set.

Remark 2.3.6. According to Definition 2.3.5, note that every Pawlak’s rough set is a PS8y (U)-rough set.
Conversely, it is not true in general. In fact, a PSg(U)-rough set is a generalization of a Pawlak’s rough set
whenever a binary relation is an equivalence relation, that is, Equation (2.2.1) and Equation (2.3.2) are
same sets. As mentioned above, a corresponding example is considered as Example 1 in (Rukchart and

Manoj, 2019).
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Proposition 2.3.7. (Rukchart and Manoj, 2019) Let (U, V, PS8y (U)) be a PS,(U)-approximation space. If X
and Y are non-empty subsets of U, then the following statements hold.

(1) 8(U) =U and (U) = U.

(2) IfX S Y, then8(X) € H(Y )and B(X) € 6(Y).

Definition 2.3.8. (Rukchart and Manoj, 2019) Let (U,V,PSy(U)) be a PSy(U)-approximation space and
let X be a non-empty subset of U. If 8(U) is a non-empty proper subset of X, then X is called a set over

a non-empty interior set.

Remark 2.3.9. Using the similar method in the proof of Proposition 4 in (Rukchart and Manoj, 2019), it is
easy to see that if X is a non-empty subset of U over a non-empty interior set, then it is a PSg(U)-rough

set.

Definition 2.3.10. (Rukchart and Manoj, 2019) Let (S,PSy(S)) be a PSy(S)-approximation space.

(5,PS¢(8)) is called a PSy(S)-approximation space type PCR if 8 is a preorder and compatible relation.

Proposition 2.3.11. (Rukchart and Manoj, 2019) Let (S,PSy(S)) be a PSy(S)-approximation space type
PCR. Then (PSy(s51))(PSy(s3)) S PSy(sys,) forall sy, s, €S.

Definition 2.3.12. (Rukchart and Manoj, 2019) Let (S,PS¢(S)) be a PSg(S)-approximation space type
PCR. 0 is called a complete relation if for all 51,5, €S, (PSg(s1))(PSg(s2)) = PSg(5152). (S,PSe(S)) is

called a PSq(S)-approximation space type CR if 8 is a complete relation.

Remark 2.3.13. According to Definitions 2.3.10 and 2.3.12, it is easy to see that every PS§y(S)-

approximation space type CR is a PSy(S)-approximation space type PCR.

Proposition 2.3.14. (Rukchart and Manoj, 2019) Let (S, PSy(S)) be a PSq(S)-approximation space. Then
the following statements hold.

(1) If (S,PSe(S)) is a PSy(S)-approximation space type PCR, then (8(X))(8(Y)) € 8(XY) for every
non-empty subsets X and Y of S.

(2) If (5,PS5(8)) is a PSg(S)-approximation space type CR, then (8(X))(6(Y)) S 6(XY) for every non-

empty subsets X and Y of S.

Theorem 2.3.15. (Rukchart and Manoj, 2019) Let (S, PSg(S)) be a PSq(S)-approximation space and let X
be a non-empty subset of S. Then the following statements hold.

(1) If X is a subsemigroup of S in (S, PSy(S)) type PCR, then 8(X) is a subsemigroup of S.

(2) If X is a subsemigroup of S in (S, PS(S)) type CR with respect to a non-empty 8(X), then 8(X) is

a subsemigroup of S.
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Proposition 2.3.16. (Rukchart and Manoj, 2019) Let f be an epimorphism from S in (§,PSy(S)) to T in
(T, PSy(T)), where the binary relation 6 is defined by

0 = {(51,5,) ES X S:(f(s1), f(s3)) € I}. (2.3.6)
Then the following statements hold.
(D) If 51,5, €S, then s; € PSy(s,) if and only if f(s1) € PSy(f(sz)).
(2) F(6(X)) = I(f(X)) for every non-empty subset X of S.
(3) If fis injective, then f(8(X)) = 9(f (X)) for every non-empty subset X of S.

(4) If 9 is a preorder and compatible relation, then @ is a preorder and compatible relation.

Theorem 2.3.17. Let f be an epimorphism from S in (S,PSy(S)) to T in (T, PSy(T)) type PCR, where 6
is defined as Equation (2.3.6) in Proposition 2.3.16. If X is a non-empty subset of S and f is injective,
then we have the following statements.

(1) 9(f(X)) is a subsemigroup of T if and only if 8(X) is a subsemigroup of S.

(2) 9(f (X)) is a subsemigroup of T if and only if (X) is a subsemigroup of S.

3. Main Results
In this section, we introduce a rough bi-ideal and a rough prime bi-ideal in a PS§,(S)-approximation

space type PCR. Then we provide sufficient conditions for them. Under homomorphism problem in
semigroup, we give a necessary and sufficient condition for a homomorphic image of the rough bi-ideal

(resp., rough prime bi-ideal).

Definition 3.1. Let (S,PS84(S)) be a PS,(S)-approximation space type PCR and let X be a non-empty
subset of S. X is called a PSg(S)-upper rough bi-ideal if 0(X) is a bi-ideal of S. X is called a PS, (S)-lower
rough bi-ideal if §(X) is a bi-ideal of S. X is called a PSg(S)-rough bi-ideal if it is a PSg(S)-upper rough
bi-ideal, a PSg(S)-lower rough bi-ideal and a PS§q(S)-rough set.

Similarly, we can define a PSg(S)-rough prime bi-ideal. Now, we consider the following example.

Example 3.2. Let S = {54, 55, 53, 54, Sg} be a semigroup with multiplication rules defined by Table 1.

Table 1 The multiplication table on S

Sy S, S3 Sy S5
Sq S1 S1 S1 S1 S1
S, S1 S2 S2 S2 Ss
S3 S1 S2 S2 S3 Ss
Sy S1 S2 S3 Sa Ss
Sg S1 Ss Ss Ss Ss




Let 8 = {(s1,51), (51,85), (52, 52), (52, 53), (52, 54), (53, 52), (53, 53), (53, 54), (54, 52), (54, 53), (S4,S4), (S5, S5)}.
Then, it is easily seen that 6 is a preorder and compatible relation. According to Equation (2.3.1) in

Definition 2.3.1, we get

So(s1) = {s1,s5},
So(s2) = {s2,53,5},
So(s3) = {s2,53,5},
So(s4) = {52,53,54},
S (ss) = {ss}.
According to Equation (2.3.2) in Definition 2.3.2, we get

P59(51) = 59(51),
PSy(s,) = Sp(sy),
PSp(s3) = Sp(s3),
PSy(s4) = Sp(sa),
PSg(ss) = Sp(ss).
We suppose that X = {s;,s,,55} is a non-empty subset of S, which is a set for an approximation in

(5,P84(S)) type PCR. Then, by Equations (2.3.3) and (2.3.4) in Definition 2.3.5, we get 8(X) = S and
0(X) = {sy, s}, respectively. It follows that 8,,4(X) # @, and so X is a PS,(S)-rough set. Furthermore, it
is easily seen that 8(X) and 8(X) are bi-ideals and prime bi-ideals. It follows that X is a PSg(S)-(resp.,

upper, lower) rough bi-ideal and X is a PSg(S)-(resp., upper, lower) rough prime bi-ideal.

Remark 3.3. According to Definition 3.1, we see that every rough bi-ideal in (Kuroki, 1997) is a PS4 (S)-
rough bi-ideal and every rough prime bi-ideal in (Naveed, Muhammad & Ronnason, 2012) is a PSg(S)-
rough prime bi-ideal. Conversely, it is not true in general. Consequently, new rough sets in Definition 3.1
are considered as a generalization of two rough sets in (Kuroki, 1997) and (Naveed, Muhammad &

Ronnason, 2012) if a binary relation in (S, SDSQ(S)) type PCR is a symmetric relation.

Theorem 3.4. Let (S,PS4(S)) be a PS,y(S)-approximation space and let X be a non-empty subset of S.
Then we have the following statements.

(1) If X is a bi-ideal of S in (S, IPSQ(S)) type PCR, then it is a PSy(S)-upper rough bi-ideal.

(2) If X is a bi-ideal of S in (S, PSy (S)) type CR with respect to a non-empty 8(X), then it is a PSy(S)-
lower rough bi-ideal.

(3) If X is a bi-ideal of S over a non-empty interior set in (S, .‘PSQ(S)) type CR, then it is a PSy(S)-rough
bi-ideal.
Proof. (1) Suppose that X is a bi-ideal of S in (S,PS(S)) type PCR. Then X is a subsemigroup of S and
XSX € X. From Theorem 2.3.15 (1), we get that 8(X) is a subsemigroup of S. By Proposition 2.3.7 (1),
we have 6(S) = S. By Proposition 2.3.7 (2), we obtain 8(XSX) S 6(X). From Proposition 2.3.14 (1), we
set (800))s(80x)) = (8(0)) (8(5)) (6(0)) € B(XSX) € B(X). Hence B(X) is a bi-ideal of S. Therefore,

X is a PSy(S)-upper rough bi-ideal.
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(2) By Propositions 2.3.7, 2.3.14 (2), Theorem 2.3.15 (2) and using the similar method in the proof of
item (1), we can prove that the statement is true under (S,?Sg (S)) type CR.

(3) From Remark 2.3.9 and items (1) and (2), we can prove that the statement is true.

Theorem 3.5. Let (S,PS8y(S)) be a PSy(S)-approximation space type CR and let X be a non-empty
subset of S. Then we have the following statements.

(1) If X is a prime bi-ideal of S, then it is a PSg(S)-upper rough prime bi-ideal.

(2) If X is a prime bi-ideal of S with respect to a non-empty 8(X), then it is a PS4 (S)-lower rough
prime bi-ideal.

(3) If X is a prime bi-ideal of S over a non-empty interior set, then it is a PSg(S)-rough prime bi-ideal.
Proof. (1) Suppose that X is a prime bi-ideal of S. Then X is a bi-ideal of S. Thus, by Theorem 3.4 (1), we
obtain (X) is a bi-ideal of S. Let s, 5,,5; € S such that s;5,5; € 8(X). Then PSy(s;5,53) N X # @. Since
6 is complete, we have (PSq(s1))(PSa(s2))(PSg(s3)) N X = PSg(s15,55) N X # @. Thus there exist s, €
PSy(s1), S5 € PSg(s,) and sg € PSg(s3) such that s,s5s¢ € X. Since X is a prime bi-ideal of S, we have
s, € X or sg € X. Hence PSy(s;) N X # @ or PSe(s3) N X # @. Whence s; € 8(X) or s3 € 8(X). It follows
that 8(X) is a prime bi-ideal of S. Consequently, X is a PS, (S)-upper rough prime bi-ideal.

(2) Suppose that X is a prime bi-ideal of S with respect to a non-empty 8(X). Then X is a bi-ideal of S.
Thus, by Theorem 3.4 (2), we get that 8(X) is a bi-ideal of S. Let s4,5,,53 € S such that s;5,5; € 8(X).
Then we have that (PSg(s1))(PSe(s2))(PSs(s3)) = PSp(s15,53) € X. Suppose that s; & 8(X). Then
PSg(s1) € X. Thus there exists s, € S such that s, € PSg(s;) but s, € X. By Proposition 2.3.3, we get that
s, € (PSg(s,)). Hence, for each ss € PSy(s3),

545,85 € (PSQ (sl))(PSQ (sz))(Psg (53)) = PSg(s,5;,53) € X,
and so ss € X. Thus PSy(s3) € X. Hence s3 € 8(X). Whence 8(X) is a prime bi-ideal, Therefore, X is a
PSy(S)-lower rough prime bi-ideal.

(3) From Remark 2.3.9 and items (1) and (2), we can prove that the statement is true.

Theorem 3.6. Let f be an epimorphism from S in (S, PSg(S)) to T in (T, PSe(T)) type PCR, where 6 is
defined as Equation (2.3.6) in Proposition 2.3.16. If X is a non-empty subset of S and f is injective, then
we have the following statements.

(1) f(X) is a PSy(T)-upper rough bi-ideal if and only if X is a PSg(S)-upper rough bi-ideal.

(2) f(X) is a PSy(T)-lower rough bi-ideal if and only if X is a PSy(S)-lower rough bi-ideal.

(3) f(X) is a PSy(T)-rough bi-ideal if and only if X is a PSy(S)-rough bi-ideal.
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Proof. (1) Suppose that f(X) is a PSy(T)-upper rough bi-ideal. Then, by Theorem 2.3.17 (1), we obtain
that 8(X) is a subsemigroup of S and (5(f(X))) T (5(f(X))) c 9(f(X)). Suppose s; € (E(X))S (E(X)).
By Proposition 2.3.16 (2), we obtain

rs0 e £ ((800) s (60) ) = (3(re0)) T (3(F00)) € 3(F(0) = £ (800)).
Thus there exists s, € 8(X) such that f(s;) = f(s,). Hence PSy(s,) N X # @. By assumption, we have
$; = S,. Thus PSy(s;) N X # @. Hence s, € 6(X). Whence (E(X))S (E(X)) € 6(X). Hence we get 8(X) is
a bi-ideal of S. Therefore, X is a PSg(S)-upper rough bi-ideal.

Conversely, assume that X is a PSg(S)-upper rough bi-ideal. Then, by Theorem 2.3.17 (1), we get that
3(£(X)) is a subsemigroup of T and (8(N)) s (8C0)) € B(X). Thus f((E(X))s(E(X))) < £(3C)). 8y
Proposition 2.3.16 (2), we have

(BCra) T (3(r0)) = £((800) s (800)) < £ (800) = 3(F ().
Hence 9(f (X)) is a bi-ideal of T. Therefore, f(X) is a PSy(T)-upper rough bi-ideal.

(2) By Proposition 2.3.16 (3), Theorem 2.3.17 (2) and using the similar method in the proof of item

(1), we can prove that the statement is true.

(3) Based on the injective mapping f, the proof is clear from items (1) and (2).

Theorem 3.7. Let f be an epimorphism from S in (S,PSy(S)) to T in (T,PSy(T)) type CR, where 6 is
defined as Equation (2.3.6) in Proposition 2.3.16. If X is a non-empty subset of S and f is injective, then
we have the following statements.

(1) f(X) is a PSs(T)-upper rough prime bi-ideal iff X is a PSq(S)-upper rough prime bi-ideal.

(2) f(X) is a PSy(T)-lower rough prime bi-ideal iff X is a PSgy(S)-lower rough prime bi-ideal.

(3) f(X) is a PSy(T)-rough prime bi-ideal if and only if X is a PSg(S)-rough prime bi-ideal.
Proof. (1) Suppose that f(X) is a PSy(T)-upper rough prime bi-ideal. Then E(f(X)) is a prime bi-ideal of
T. By Theorem 3.6 (1), we obtain 6(X) is a bi-ideal of S. Let s, 5,,55 € S such that s;5,55 € 8(X). Then
f(s18,83) Ef (g(X)). By Proposition 2.3.16 (2), we get

F(sDF(s2)f(53) = f(515053) € £ (800) = 5 (F ().

Thus £(s;) € 9(f(X)) or f(s3) € D(F(X)). Now, if £(s;) € I(F(X)), then f(sy) € £ (8(X)). Thus there
exists s, € B(X) such that f(s;) = f(s,). Hence PSy(s,) NX # @. Since f is injective, we have that
PSg(s;) N X # @. Hence s; € B(X). Similarly, if f(s3) € E(f(X)), then s; € B(X). Hence 6(X) is a prime
bi-ideal of S. Therefore, X is a PSg(S)-upper rough prime bi-ideal.

Conversely, suppose X is a PSy(S)-upper rough prime bi-ideal. Then 8(X) is a prime bi-ideal of S. By

Theorem 3.6 (1), we obtain 9(f(X)) is a bi-ideal of T. Suppose t;, t,, t; € T such that t;t,t; € 9(f(X)).
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Then there exist sy,s,,53 €S such that t; = f(s1), t, = f(s;) and t3 = f(s3). Thus we have that
PSo(f(s1)f(s2)f(s3)) N f(X) # @. Since ¥ is complete, we get
(PSs(f(s0)) (PSs(£(52))) (PS5 (F(s2))) N f(X) # 0.

Thus there exist f(sy) € PSy(f(s1)), f(ss) € PSe(f(s)) and f(se) € PSg(f(s3)) such that
f(s4)f(ss)f(sg) € f(X). Thus f(s4S5S¢) € f(X). Hence there exists s, € X such that f(s,5585) = f(s7).
By Proposition 2.3.16 (1), we obtain that s, € PSy(s1), S5 € PSg(s,) and sg € PSg(s3). From Propositions
2.3.11 and 2.3.16 (4), it follows that s,s55¢ € PSg(s;5,53). Since f is injective, we have that s, =
545556 € PSy(5,5,53). Hence PSy(sy5,53) N X # @. Whence s,s,5; € 8(X). Thus we get s; € 8(X) or s3 €
6(X). Hence f(sy) Ef(g(X)) or f(s3) ef(@(X)). By Proposition 2.3.16 (2), t; € 9(f(X)) or ts €
E(f(X)). Thus 5(f(X)) is a prime bi-ideal of T. Consequently, f(X) is a PSy(T)-upper rough prime bi-
ideal.

(2) By Proposition 2.3.16 (3), Theorem 3.6 (2) and using the similar method in the proof of item (1),
we can prove that the statement is true.

(3) Based on the injective mapping f, the proof is clear from items (1) and (2).
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Abstract

The purposes of this study are to propose a modified ranked set sampling, which is called
stratified unified ranked set sampling (SURSS), for estimating the population mean and compare
the efficiency of the empirical mean estimator based on SURSS with their counterparts in simple
random sampling (SRS), stratified simple random sampling (SSRS), and stratified ranked set
sampling (SRSS) via a simulation. We simulate the data from three asymmetric distributions:
Exponential(1), Geometric(0.5), and Gamma(1, 2). It is found that the estimator in SURSS provide
more efficient than their counterparts in SRS, SSRS, and SRSS for three parent asymmetric
distributions with a small sample size.

Keywords: simple random sampling; ranked set sampling; unified ranked set sampling;
stratified unified ranked set sampling

1. Introduction

In 1952, Mclntyre (1952, pp. 385-390) proposed a ranked set sampling (RSS) method to estimate
the population mean of average yields. Later, RSS was developed and modified by many authors to
estimate the population parameters. In 1968, Takahasi and Wakimoto (1968, pp. 1-31) provided the
mathematical proof for RSS. They proved that the sample mean based on RSS is an unbiased
estimator of the population mean which gave smaller variance than the sample mean based on a
simple random sample (SRS) with the same sample size. In 1972, Dell and Clutter (1972, pp. 545-
555) demonstrated that the variance of the sample mean based on RSS is less than or equal to that
of the SRS, whether or not there are errors in ranking. In 1996, Samawi (1996, pp. 9-16) suggested
a stratified ranked set sampling (SRSS). In 2011, Mustafa, Al-Nasser, and Aslam (2011, pp. 147-
153) introduced a folded ranked set sampling for asymmetric distributions. In 2017, Matthews and
Wolfe suggested a unified ranked sampling (URSS).

2. Objectives

The aim of this study are to propose the stratified unified ranked set sampling (SURSS) for
estimating the population mean of asymmetric distributions and to study the efficiency of the
empirical mean estimator based on SURSS via a simulation.

3. Methodology

3.1. Simple Random Sampling (SRS)
SRS is a method of selecting n units out of N units such that every one of the C,distinct

samples has an equal chance of being drawn.

3.2. Stratified Sampling Method
In stratified sampling method, the population of N units is divided into L non overlapping sub-
groups known as strata each stratum has N;,N,,.,N_units, respectively, such that

N, + N, +..+N_ =N. For full benefit from stratification, the size of the h'" strata, denoted by N, for
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h=12,..L, must be known. Then the samples are drawn independently from each stratum,

h=1
simple random sample is taken from each stratum, the whole procedure is known as a stratified
simple random sampling (SSRS).

3.3. Ranked Set Sampling (RSS)

RSS technique can be described as follows:

Step 1: Use a SRS method to select m?units from the population of interest.

Step 2: Allocate the m?selected units randomly into m sets, each of size m.

Step 3: Rank the m units in each set with respect to the variable of interest.

Step 4: Choose a sample by taking the smallest ranked unit in the first set, the second smallest
ranked unit in the second set, continue the process until the largest ranked unit is selected
from the last set. Then the taken samples are measured the variable of interest.

Step 5: Repeat step 1 through step 4 for r cycles to draw the RSS sample of size n=mr.

(Al-Omari & Bouza, 2014, pp. 215-235)

3.4. Unified Ranked Set Sampling (URSS)
URSS technique can be described as follows:
Step 1: Use a SRS method to select m?units from the population of interest and rank them with
respect to the variable of interest.
Step 2: Select the sample units for measurement as follow

th
If m is an odd number, the ranked (mT“Ll+(i—1)mj units will be selected for i=1,2,..,m. On

th
the other hands, if m is an even number, the ranked (%+(i—1)m] units will be selected,

fori=12,.,m.
Step 3: Repeat steps 1 and 2 for rcycles (for j=1,2,...,r) to draw the URSS of size n=mr.
Define X, be the URSS sampled unit of the i" rank from the " cycle, where i=12,..,m and
j=12,...,r.
(Zamanzade, 2014)

3.5. Stratified Unified Ranked Set Sampling (SURSS)
The population of N units is divided into L non overlapping sub-groups known as strata each
stratum have N,,N,,..,N, units, respectively, such that N, +N,+..+N, =N. The size of the h" strata

denotes by N, for h=12,.,L. Then the samples are drawn independently from each stratum,

h=1
URSS technique is applied for each stratum then the whole procedure is called a SURSS. Define
Xg; be the SURSS sampled unit of the i" rank, the j" cycle in the h" stratum, where i=12,..,m;

j=12,..r; and h=12,.,L. The mean of selected units is used as an population mean estimator.

4. Results and discussion

4.1. Estimation of Population Mean
Let x,x,..x,be n independent random variables from a probability density function f (x),

with mean () and variance(az). The empirical mean estimator of URSS is given by
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XURSS ZWZZ 1+(i-1)m

i=1 j=1

where |=% if iis an even number and I:mT if iisan odd number (fori=1,2,..,m).

The URSS variance can be estimated by

N R

=1 j=1

The SURSS estimator of the population mean is given by
L
Xsurss = ZWh (XBRSS )
h=1

where w, =% and X{jss is the URSS mean estimator in the h™ stratum.

The variance of SURSS is given by

_ LW, [
Var(xSURSS):Var Zm_hr : Zx[u(m)mh}j

h=1

-SSR

i=1 j=1 [I+(|71)mh11‘h

4.2. Simulation Study

The simulation study is designed to investigate the performance of SURSS for estimating the
population mean compared to their counterparts in SRS, SSRS, and SRSS under asymmetric
distributions: Exponential(1), Geometric(0.5), and Gamma(1, 2). The simulations are done based on
the population of 100,000 units is divided into two strata each stratum has 50,000 units, which are
conducted for the numbers of set in each stratum m=2,510 and the number of cycles r=2,510 on
5,000 replications. If the underlying distribution is asymmetric, the efficiencies of SURSS relative
to SRS, SSRS, and SRSS, respectively are given by

MSE(Xses )

MSE( Xsumss )
MSE( ks )
MSE ( Xsurss )
MSE (X spss )
MSE (Xsurss )

eff (XSURSS Xsgs )
eff (XSURSS ) >ZSSRS )

eff (XSURSS X srss ) =

where MSE is the mean square error (MSE).
The simulation results are shown in Tables 1-3.
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Table 1: The efficiency of SURSS relative to SRS, SSRS, and SRSS for estimating the population
mean with m=2 and r=2,5,10

Distribution r Eﬁ( SURSS! srzs) Eﬁ( SURSS SSRS) eﬁ( SURSS SRSS)
2 45738 2.3453 1.1372
Exponential(1) 5 2.4891 1.2585 0.3571
10 1.0906 0.5499 0.0990
2 4.6105 2.3540 1.1868
Geometric(0.5) 5 2.4206 1.2129 0.3565
10 1.0614 0.5784 0.0998
2 4.5327 2.2916 1.2159
Gamma(1,2) 5 2.2539 1.2350 0.3530
10 1.0749 0.5506 0.1024

Table 2: The efficiency of SURSS relative to SRS, SSRS, and SRSS for estimating the population
mean with m=5 and r=2,5,10

Distribution r eff (X gpss: Ko eff (X gpss X eff (Xupes X
2 2.3324 1.2083 0.3523
Exponential(1) 5 0.8265 0.4251 0.0641
10 0.3998 0.2073 0.0185
2 2.2595 1.2333 0.3529
Geometric(0.5) 5 0.8600 0.4372 0.0658
10 0.3966 0.2112 0.0186
2 2.4353 1.2216 0.3608
Gamma(1,2) 5 0.8246 0.4408 0.0661
10 0.3973 0.2066 0.0185

Table 3: The efficiency of SURSS relative to SRS, SSRS, and SRSS for estimating the population
mean with m=10 and r =2,5,10

Distribution r eff (Xges X eff (Xgps X eff (X Ko
2 1.0782 0.5517 0.1029
Exponential(1) 5 0.3957 0.2094 0.0187
10 0.1987 0.0976 0.0049
2 1.0620 0.5499 0.1002
Geometric(0.5) 5 0.3882 0.2150 0.0188
10 0.1927 0.1036 0.0047
2 1.0815 0.5694 0.0953
Gamma(1,2) 5 0.3985 0.2110 0.0178
10 0.2034 0.1031 0.0049

Based on Table 1, the numbers of set in each stratum m=2, it indicates that the SURSS
estimator is more efficient than SRS estimator for all numbers of cycle r=2,510 based on all three
asymmetric distributions. In addition, the SURSS estimator is more efficient compared to SSRS for
r=2,5 based on all three asymmetric distributions. Moreover, the SURSS estimator is more
efficient than SRSS estimator for r =2 based on all three asymmetric distributions.

Based on Table 2, the numbers of set in each stratum m=5, we can conclude that the SURSS
estimator is more efficient compared to SRS and SSRS estimators for the numbers of cycle r=2
based on all three asymmetric distributions.
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Based on Table 3, the numbers of set in each stratum m=10, it implies that the SURSS
estimator is more efficient than SRS estimators for the numbers of cycle r=2 based on all three
asymmetric distributions.

In conclusion, the proposed estimator in SURSS provide more efficient than their counterparts
in SRS, SSRS, and SRSS for three parent asymmetric distributions with a small sample size.
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Abstract

In this paper we present the relation between Jacobsthal Sequence and Generalized Fibonacci
Sequence. The proof of these relation can be obtained by Binet’s fomula such that Jacobsthal Sequence
2n+1 _ (_1) n+l
— 3 |

The results find that both sequence has various and we can compute about Jacobsthal Sequence and

2n _ _1 n
defined by J, :% and Generalized Fibonacci Sequence defined by V, =2
Generalized Fibonacci Sequence easier.

Keywords: Jacobsthal Sequence, Generalized Fibonacci Sequence

unin

auillutiod WuenuduiudiowiniiddedouasduitenlunsAnvauauding q sg1sunsvany
aauillutia® gnAunulae “alounsln Yulu dinala” dnadneansynidand laenlaaniuindsdonisaamn
Fo “Liber abaci” Tl a.a. 1202 YauduveImsAunuaduTludduiodandiinanis “Uymaseuni
nszeng” Tuvtladolduivingu fedsuiluisdfeosduvessnnusiuswslud 0112358 13,... Tagildew
AUdNTUSI Saudaluviiurauinvesiiiuaessvuieunt wardesduwsnife 0uaz 1 muddu
wnleulvieglusuvesdydnual F, dewlupnuduiusiivuinde

F.=F ,+F, (1)

2-92



e n> 2 lpeimuaaisusu R =0 uaz F =1 (@#nade auds, 2557)
aduilutvddaudas fie aduifenulusuanuduiusdeuialag
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AMUFUNUSLIBULANAD
V,=V ,+2V , (3)
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(Yashwant K. Panwar, Bijiendra Singh and V. K. Gupta, 2014)
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J.=J,,+2J,, (4)

Tngimuaadudiu J;=0 way J, =1 Je n>2 ausadeulugudvivvessiuaudu fie 0,1,1,3,5,11,21,...
(WUBYT wnwLm, 2561)
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gasluiun (Binet’s formular)
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1. gasluiuadwmdvanuilutivdaaudas
mmun V. 1Wudsuilludsdaaulas denulae (Yashwant K. Panwar, Bijiendra Singh and V. K.
Gupta, 2014)
v, - 2(ﬂJ o)
3
2. gasluuadmiudiuannaudnea
fviun J, uddunaeUdnea dewlag (Uusen unzie, 2561)
g 22 =0 ©)
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MNNsANwIANNFNRUSIEnIEiuMAeUdneauavauilutvdRnudas fIdeladunuauduiug
vosarunsaedluranrate ULuy Jsaunsoasuidungufunkazununsnldnasieludl

2-93



nguiuni 1 dmua J, \Juddiuneeldvea uaz V, Wudduilluia@daudas azld

n

5.2" +(=1)
3
Wa N Wudwuduuin

wgad  rfwua J, Judduaireddvea uagV, Wudduiilutdvdiaudas
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n 25
P & o o

Wo n ludwiuduuan

wgad e J, Judwivaeeddvea waz V, iudduiluinddiaudas

n

naunsi (5) uaz (6)

15
n+l n+l
‘J n+l = ( 2 — (_ 1)
3
LAy
n+l n-+1
V, = Q(ﬂ
3
N384

2-95



PRV e e i e o
3 3

n+l n

_+ (2n+1 _ (_ l)n+1 )2 N 4(2n+1 _ (_ 1)n+1 )]Z

-2
GRS SV GV PR B R SR V)
- (2272 )- 22 (2 o (<22 + 4227 — 2722y 4 (1)
_ 3i2 (2272)- 272 (1) 4 14 22 — 27 (1) + 4]

_ 3_12 (272 4 22 ) (2772 (-2 + 27 (1) 1+ 4]
:3%[22"+2(1+ 2?)- 2" (-1 (1+ 2?)+ 5]
_ 3%[22n+2 (5)_ 2n+2 (_ 1)n+1(5)+ 5]

_ 3% (5)(22n+2 )_ 5(2n+2 X_ 1)n+1 + 5]

o)

dadu 92,42 =2 (C2) 4]

n+l n T &
9

ngujunil 4 dmue J | Wudduairednea uaz V, WWudauilludedinudas asld

n

J,..V,+J3V

nn+l

25[22'“3 —(-2) +2] (11)
dlo n Wuswwduuan

wgad e J0udduaeeddnea wasV, Wudduiluia@idauwlas

n

naunsi (5) ua (6)

g1

bl

2-96



NAT0UN

v Kz . )"+1J2£2n+1 . )nuﬂ{[zn -y Jz[zw _:5_1)12}}
-2l -y e - o gl - o - o)

— g[zZrHZ _ 2n+1 (_ 1)n+1 _ (_ 1)n+1 2n+1 + (_ 1)2n+2 + 22n+2 _ 2n (_ 1)n+2 _ (_ 1)” 2n+2 + (_ 1)2n+2]

=222 Ayt (a2 e 22 (0 - (a2
= %[22"*3 — 2 (=M = (—)2mt 220 (1) — (1) 2n+2]
Zle a2y s (2 2= 20 - (12
=§[22"+3 +2'(-1f (2+2-1-27)+ 2]

2y -

fedu 3.V, + IV 5[22“+3—(—2)”+2]

n+l n'n+l T

G

HANSANYINUT Sdunreldneauarmauilutivdinulasdinruduiusiuluvainvaieguuuy
Tnoaduiudluguiuusing 4 aunsaiigadlilngldgnsvedlun Senudniudildazdrlumsduaientu
Sduanevdneaussaiuillutridauladifheuazazmninnty

LBNE15D19D9

Fnide auds. (2557). drduiTuiind. Jududle 25 domey 2562, 91N
http://khroonoi.blogspot.com/2014/10/blog-post.html

Bijiendra Singh, V. K. Gupta and Yashwant K. (2014). Generalized Fibonacci Sequences and Its
Properties. Palestine Journal of Mathematics, 141-147

WU wnean. (2561). arduanneudnea. duduile 25 Away 2562, 910

http://www.sci.rmutt.ac.th/wp-content/loads/2018/03/tendnwaldmsuaineldveaneowasideunay
meUdneagfaniameiiiew.pdf

2-97



a a

NaNsENUIBIUsSHUNHunNasafnUULIAMnAaRSaIsULsAlle i1 Unn
97931 Snw1va’ SaRen gusdae’ alnIald AwIa’ uaz AnAANT wawny'

1 - . - . - o o ) )
avAlarEns AugInemansiazmalulal 1N INedeTIva)UATATSIINTIY email: on.alongchong@gmail.com
2 - . - . - o o ) )
avAlafEns AugInemansiazmalulag 1N INe e Tva)uAsAISIINTIY email: yay_phung@hotmail.com
3 - . - . ~ - o o o L .
avedinanans angineimansuazsmalulad BN IveduguAsA3sIINTIY email: jeatlala@hotmail.co.th

4 - . 2 p o s e o = ) .
#UANAAIEns AnYINermaEnsLaznalulad UNINYIYINVANS UATAITITHIY email: wvtza_102_tong@hotmail.com

unfnga
nsiideadiiifoRauuariienegiiadosnmkansenuvesUimathduiifinadesuuunsadinaans
dwiulsaile wh Uan Tuniald Usendlne doyaildiudeyanondildunannsumuaulsn wagdrdnuimsnis
neilou In1siawdinuuanauiddeuuudtasmeadamansyeinisseuinlsaile win Uan luaiald Ussndlne
AinseideyalnglildiBnsnasglumsliesgiduuy imsmenaunaiviiliiAnadosnin Gudl 2 9a fe 9aauna
flsiilsauazqnannadiilsn Ssazduogfumszdunisinie (R,) & R, <1 udrqaauqaiiliifilsnaziadios uddn
R, >1 udrgnaunaiifilsnaziaios nan1siasizvinudn a geaunaiilidlse wevsuasinu g(T)=0.01
fiAsedun1sinide R =0.04823 uar a yaaugaiiilse wlevsuiatinu g(T)=0.33 fld1szdunisinie
R, =1.59183 asUldisinaiihnuinasionisunsszuinvedisadle wih vin druiunainufistudssalinisung

S¥UInvadlsaiia 1 U1n Ly

AafAgy : USunaudru, sauuudendiaeans, lsadle 1w Uin

2-98



Effect of Rainfall on the Transmission Model of Hand Foot Mouth Disease
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Abstract

This research were to develop and evaluate stability of effect of rainfall on the transmission model of
Hand Foot Mouth disease in the south of Thailand. The secondary data were collected from the department
of disease control and the bureau of registration administration. The model was developed from the
Mathematical Model of Hand-Foot-mouth Disease in the south, Thailand. We analyzed the data by using
standard method to analyze this model. We found that there were two equilibrium points; disease free
equilibrium and endemic equilibrium point where depend on the basic reproductive number (Ro)~ If Ry <1
, then the disease free equilibrium point is local asymptotically stable, but if R, >1, then the endemic
equilibrium point, is local asymptotically stable. The results showed that at the disease free equilibrium point,
we have the rainfall at g(T)=0.01 and basic reproductive number at R; =0.04823 and at the disease
equilibrium point we have the rainfall at g (T)z 0.33 and basic reproductive number at R, =1.59183. We
concluded that the rainfall has effect on the transmission model of Hand Foot Mouth Disease. If the amount

of rainfall increases, the spread of HFMD will increase.

Keyword : Rainfall, Mathematical model, Hand Foot Mouth Disease
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2. WATWAFIUUTIRAINAIENS
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1 4 1 L2 & & dS dE dl dR a A 1 -
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Abstract

In this paper, we propose two new iterative methods for solving nonlinear equations with
one variable without derivative. In convergence theory, the two new iterative methods have second
and third order convergence. Some numerical experiments show that the two new derivative free
iterative methods outperform the several other existing methods

Keywords: Non-linear Equations; Order of Convergence; Derivative Free Method

1. Introduction

Solving a nonlinear equation f(x)=0 is the most important problems in Numerical analysis.
Since it is not always possible to find the exactly solution by the direct method, the numerical
iterative methods are useful to obtain an approximate solution of equations. There are many
different iterative methods for solving nonlinear equations. One of the classical standard numerical
iterative methods is a Newton’s method, it given by

_y ()

Xn+l_xn_f,(x )* el (1)
n

where x, is an initial value that we might guess the initial value which near a solution of equations.

This method has second order of convergence (Argyros, 2008). However, the Newton’s method has
a disadvantage, one has to calculate the derivative of f(x). Sometimes, the first derivative function
of f(x) is more difficult to calculate or f(x) is not differentiable at a certain point, the Newton’s
method is not applicable to solve nonlinear equation. Therefore, the Newton’s method was modified
by many researchers who considered the first derivative function by approximation of derivatives.
(Jain, 2007; Hafiz, 2014; Singh, 2017)

Steffensen’s method is one of the iterative methods which is based on the Newton’s method
(Conte & Boor, 1981). The method was modified by substitute the derivative function of function in
the Newton’s method by using a forward difference approximation, it given by

' ~ f(Xn+f(Xn))_f(Xn)
f'(x)) = f(x) : 2
Therefore, the Steffensen’s method becomes
2
‘ f(X,) ®)

= X, — y 0
M T G ) - PO |

The method still has second order convergence. In 2005, the new iterative method formed by the
composition of the Newton’s method and the Steffensen’s method, namely Newton-Steffensen’s
method was introduced by Sharma (Sharma, 2005). It given by

RIS

=y (4)
X .4 =X — f(xn)z nel
I ) (F ) = F (V) ()

which has third order of convergence.
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In this paper, we introduce two new derivative free iterative methods for solving nonlinear
equations which replaced the derivative function f’(x) by using the half forward difference and an

average between forward and central difference approximation.

The remainder of this paper is organized as follow. In section 2, the two new derivative free
iterative methods are provided and order of convergence for iterative methods are established.
In section 3, numerical examples show that both methods are better performance than of each of the
existing methods described. Finally, conclusion is given in section 4.

2. Description of the methods and convergence analysis

In this section, we shall describe derivative free iterative methods which by using different
approximation of derivatives. Moreover, we show that convergence analysis of our methods.
Letting x" 1 be a simple zero of a sufficiently differentiable function f:1c0 -0 in an open
interval | .

2.1 A two order of convergence derivative free iterative method (Method 1)

To construct the second order convergence derivative free iterative method, we consider the
approximation of derivative in the Steffensen’s method as form (3) and modify this method by using

the half forward difference approximation as figure 1.

—e - o—
X +Xx
n+l n
Xn 2 X+
h h
2 2

Figure 1. The half forward difference approximation.

By approximation of the derivative, we have

f(xn+12+xnj_f(xn)
() = ; ©
2
2%, +h
~2(f( ; j—f(xn)j @
= n ,

where h is a very small value. As n is a large number and x, is close enough to the root x*, we
will estimate value of h by f(x,). So, we have

2xn+f(xn)_
Z(f( 2 jf(x”)j ®)

f0)

F(x,) =
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Then we obtain the new derivative free iterative method as form

2
fixn) Cnel. o
z(f(ZXn;(mj_f(xn)J

2.2 A three order of convergence derivative free iterative method (Method 11)

Xny1 = X —

To construct the third order convergence derivative free iterative method, we consider the
Newton-Steffensen’s method as form (4),(5) and use the average of forward and central different as

figure 2 to approximate the derivative of function at the n'" iteration.

h Forward difference
A ” o )
—) O O
Y X R}
%,_/
h
\ /
'
Central difference
Figure 2. The forward and central difference approximation.

So, the average of forward and central difference approximation is given by

f'(Xn)z%[f(xn+h3_f(xn)+ f(xn+h)2—hf(xn—h)J (10)
SILICEOE TARTRUREEN +

2 2h
zl[3f(xn+h)—2f(xn)—f(xn—h)] (12)

2 2h
z(Bf(xn-i—h)—Zf(Xn)—f(xn_h)} 13)
4h
where h is a very small value. Then we substitute the value of h by f(x,). So, we have

i) = 3 (0 + (%)) =2 (%) = F 06 — (%)) (14)

41(%)

Therefore, the derivative function in Newton-Steffensen’s method as form (4),(5) was replaced
by the above approximating the derivative. The new derivative free iterative method becomes

Yn =Xy — 4 (Xn)z ) (15)
3f(xn+f(Xn))_Zf(Xn)_f(xn_f(xn))
o 45 (x,)? Nl
T B (g F ) =2F (%) = F (% = F D) (F ) = F(¥n))” ' (16)

In the following theorems, we are going to prove that the our iterative methods have orders of
convergence 2 and 3, respectively.

2-110



The 2" Suan Sunandha National and International Academic Conference on Science and Technology; SsSci 2019

Theorem 2.1 If x, is sufficiently close to x*, then the derivative free iterative method (Method 1)
has second order of convergence.

Proof. Let x* be the simple root of f(x), i.e. f(x")=0, f'(x")=0, and the error equation is
e, =X, —x". Using Taylor series of f(x,) about x*, we have

f(X,) = C&, +C,82 +Cqe3 +C el + e8> +cgel +0(e/ ), @7

where ¢, = fk(f*) , k=1,2,3,.... Computing f(x,)?, it is given as following

f(x,)? = c2e? +2¢,C,e> +(20,C5 +C5 )en + (2,C, +2¢,C5)e + O(el). (18)
Using equation (17) to compute z[f (ZX”“LTf(Xn)j— f(X“)J' Then this term can be obtained after

simplifying follows :

2 ; 1
2(f (an+—f(xn)j_ f(Xn)j — e, +[3clcz +%Je§ +(4clc3 +265 +¢,C5 + 301203 +ﬁ}eﬁ

2 4
+(5c>lc4 +5C,C5 +4C,C,Cy +%+3012%+3ch4 +clc, +%Jeﬁ 9)
+0(ed).
Substituting (18) and (19) in the equation (9), we have
6 ={%2+%] &2 +0(e2*). (20)

Hence, it follows that the derivative free iterative method which is of the form (9) has second
order of convergence.

Theorem 2.2 If x, is sufficiently close to x*, then the derivative free iterative method (Method 11)
has third order of convergence.

Proof. Let x* be the simple root of f(x), i.e. f(x")=0, f'(x")=0, and the error equation is
e, = X, —x". Using Taylor series of f(x,) about x*, we have

f (X)) = C€, +C,82 +Co81 +C e + e +Cel +O(e)), (21

k *
where ¢, = (f )

, k=1,2,3,.... Computing f(x,)?, it is given as following

f(x,)% =cZe? +2c,coe +(2c,C5 +C5)en +(26,C, +2¢,C5)ex +O(eb). (22)

Computing f(x, + f(x,)) and f(x, - f(x,)), can be obtained after simplifying as following
f (X, + (X)) = (€2 +C)e, +(CoC2 +3C,C; +C,)e2 +(CaC; +3c5C2 +26,C2 + 4cqCy + 263 +C5)el
+(Cy +Cy(C5 +2¢,C5) +56,C, +5¢,C5 + 6c2c, +4cic, +ci'c, +66,C,C, (23)

+3c2c,c5)en +0(ed)

and
f(x, = (X)) = (—012 +¢)e, + (Czcl2 —3C,¢ + CZ)er% + (—Cscf + 303012 + 20135 —4cyc, - ch + 03)63
+(Cy +C,(C3 +2¢,C5) — 5eyc, —5C,C5 + 6c2c, —4cic, +clc, +6c,C,C; (24)
—3cZc,cy)er +O(ed).
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41 (%,)?
Sf(xn+f(xn))_2f(xn)_ f(xn - f(xn)) .

Using equation (21),(22),(23) and (24)to compute Then we

have
2 2 2
41 () —e |2 C2 g2y I —(:1c3+c—2 e
3f(xn+f(xn))_2f(xn)_f(xn_f(xn)) G 2 G C]_Z G 2 4
3 2
N _3ﬁ+ 7CyCq N 3CyCy  11c; N 5C,C3 ~3¢, —4c,c, - CiCy (25)
o ¢ o 2 2 2
3
_4g % %_&Jegm(eg)
g 4 G
By considering y, in the equation (15), we have
2 2 2
Yo - X*+[c_2+c_2je§{g_z%_c_z_s&ms_c_z}g
Q2 G ¢ & 2 4 (26)
3 2 3 3 3
o] 30T 506 116y 560G o +agc, + 2 A9 30 8% & er +0(ed).
2 2 4 4 3 n n
¢ g ¢ 2 2 2 ¢ 4 ¢ 8
Now, substituting (26) in Taylor series of f(y,), we have
2c 3c,c
f(Yn)—(Cz a 2] §+[203__2‘02 a5 +cfcy - @ zJen
C 4
3 27
+[3C4_7c203 —5C,C5 + 11C2 5C1;203+3clc4+4clc4+%+—+c2 603+ﬁ+—je;1 @)
+0(e).
Using equation (25) and (27) in the equation (16) , we have
C% CZ2 3 3+1
€41 = ¥+E+303 er+0(e; ™). (28)

Hence, it follows that the derivative free iterative method which is form of (15), (16) has the third
order convergence.

3. Numerical examples

In this section, we will present some problems of nonlinear equations from the tested function of
Jaiswal (Jaiswal, 2013) and Dehghan and Hajarian (Dehghan & Hajarian, 201 0) to compare the
proposed methods with existing methods which are as follows: the Newton’s method is of the form
(1), the Steffensen’s method is of the form (2), the Newton-Steffensen’s method is of the form

(4),(5) and the two Deghan’s methods, namely the Deghan1 ’s and the Deghan 11 ’s method proposed
by Deghan (Dehghan & Hajarian, 2010). In these comparisons, we consider the following functions

Table 1. Test functions and their roots.

Functions Root
f,(x) =sin?(x) - x? +1 X" = 1.404492
f5(x) = cos(x) — x x* = 0.739085
fo(x) = cos(x) — xe* + x? X" = 0.639154
f,(x) = e* —1.5-arctan(x) X" = 0.767653
fs(X) = In(x?* + x+2) - x+1 x* = 4.152590
fo(X) = X2 —e* —3x+2 X" = 0.257530
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In order to compare of the numerical iterative methods, the numerical experiments have been
implemented on GNU Octave, version 5.1.0 with different initial value x,. Then we choose initial

value x, that will be a suitable test for these functions. We consider the number of iterations n and
the absolute value of function |f(x,)] when |f(x,)|<10™ The algorithm for the our iterative
methods are as follows:

Numerical Algorithm of Method 1|

Input: The nonlinear function f(x), tolerance TOL and initial value of x,.

Step 1 Set n=0o.
Step 2 While |f (x,)|>TOL do Step 3-4.

f(x,)?

2( ; (an +2f (xn)j_ f(xn)j .

Step 3 Calculate x,, = x, -

Calculate |f(x,,,)|-
Set n=n+1.

Step 4 If |f(x,,,)] < TOL, then we stop the iteration and print the output of the root of
function x,,;, the absolute value of function |f(x,,,)| and the number of iterations n.

Numerical Algorithm of Method 11

Input: The nonlinear function f(x), tolerance ToL and initial value of x,.
Step 1 Set n=o.
Step 2 While |f (x,)|>TOL do Step 3-4.

. 41 (%)’ a
Sf(xn + f(xn))_2f(xn)_ f(Xn_f(Xn))

Step 3 Calculate vy, = x, nd

e 41 (x,)?
" " (3f(xn + f(xn))_Zf(Xn)_ f(Xn - f(xn)))( f (Xn)_ f (yn))'

Calculate | f(x,.,)|-

X

Set n=n+1.

Step 4 If | (x,,,)| < TOL, then we stop the iteration and print the output of the root of
function x,,,, the absolute value of function |f(x,,,)| and the number of iterations n.

In general, the method with minimum for the number of iteration could be chosen as the best
method to find solution of function. Moreover, the method gives the absolute value of function
which is closer to zero than the other, is will be the best method.

Table 2. Numerical results of f;(x) =sin®(x)-x*+1 with x, =1.

Function Methods .Num'ber of [ (%)
iterations n
f,(x) =sin(x)-x?+1  Newton’s method 5 7.593925e-13
Steffensen’s method 5 9.992007e-16
Newton-Steffensen’s method 5 1.323386e-13
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Deghan 1 s method
Deghan 11 s method
Method 1|
Method 11

4 4.440892e-16
4 6.302736e-13
4 3.330669¢e-16
3 3.330669¢-16

Table 3. Numerical results of f,(x) = cos(x)-x with x, =0.

Function Methods .Num'ber of | (%))
iterations n
f,(x) = cos(x) - x Newton’s method 5 0.000000e+00
Steffensen’s method 4 1.110223e-16
Newton-Steffensen’s method 5 0.000000e+00
Deghan 1 ’s method 4 0.000000e+00
Deghan 11 ’s method 3 2.109424e-15
Method | 4 1.110223e-16
Method 11 3 0.000000e+00

Table 4. Numerical results of f,(x) = cos(x) - xe* +x* with x, = -2.

Function Methods .Num'ber of |f(xa))|
iterations n
f1(x) = cos(x)—xe* +x2>  Newton’s method 7 1.110223e-16
Steffensen’s method 7 1.110223e-16
Newton-Steffensen’s method 7 1.110223e-16
Deghan 1 ’s method 5 1.110223e-16
Deghan 11 ’s method 8 1.110223e-15
Method 1 4 1.110223e-16
Method 11 4 1.221245e-15
Table 5. Numerical results of f,(x) =e* -1.5-arctan(x) with x, =1.
Function Methods .Num'ber of | (%))
iterations n
f,(x) =e* —15—arctan(x) Newton’s method 12 1.465494e-13
Steffensen’s method 6 2.220446e-16
Newton-Steffensen’s method 4 2.220446e-16
Deghan 1 ’s method 3 1.110223e-16
Deghan 11 ’s method 3 5.073719e-14
Method 1 5 4.440892e-16
Method 11 3 0.000000e+00

Table 6. Numerical results of f;(x) = In(x? + x+2)—x+1 With x, =0.

] Number of
Function Methods L [ (%)
iterations n
f-(x) = In(x® +x+2)—x+1 Newton’s method 5 4.440892e-16
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Steffensen’s method 5 4.440892e-16
Newton-Steffensen’s method 5 0.000000e+00
Deghan 1 s method 4 4.440892e-16
Deghan 11 s method 4 4.440892e-16
Method | 5 0.000000e+00
Method 11 3 8.171241e-14

Table 7. Numerical results of fy(x) = x* —e* —3x+2 with x, =2.

Function Methods 'Num.ber of |f (%))
iterations n
fg(x) = x> —e* —3x+2  Newton’s method 4 3.728129¢-13
Steffensen’s method 6 0.000000e+00
Newton-Steffensen’s method 14 0.000000e+00
Deghan 1 ’s method 17 0.000000e+00
Deghan 11 ’s method 1330 0.000000e+00
Method 1| 4 2.392082e-14
Method 11 4 0.000000e+00

From Table 2-7 of numerical results, we can see that the Method 11 is better than the other
iterative methods. However, the Method 1 is as good as the Method 11 for f,(x) = cos(x) — xe* + x*
with initial x,=-2 and fy(x) = x*—e*-3x+2 with initial x,=2. So for the different nonlinear
functions, the proposed iterative methods outperform the other iterative methods.

4. Conclusion

In this paper, the new numerical iterative methods for solving nonlinear equations with one
variable without derivative, namely Method | and Method 11 are presented. Moreover, the
convergence analysis of our methods have been established to show that the Method | and Method
Il have second and third order convergence, respectively. The six nonlinear functions are
considered to illustrate that our methods are better than some other methods. For the future work,
one may consider to modify the approximating of derivative of function or extended the method to
find all solutions of nonlinear equations which contain one or more than one variables.
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Abstract

The 2019 Thai general election was held in Thailand in 2019. Social network websites,
especially facebook, shared various political opinions. These opinions reflected the writers’
opinions toward parties and be useful for the parties. The conceptual idea for this study was to Thai
political opinion classification for positive, negative, and neutral polarity. The methodology
consisted of (i) data collection from news pages In facebook, (ii) data pre-processing which were
data cleaning removing all question sentences, numbers and special characters; word segmentation
by using LongLexTo and LEXiTRON dictionary by NECTEC,; and feature extraction using Bag of
Words (BOW) technique, (iii) classification compared between Naive Bayes and K-nearest
neighbors (KNN), and (iv) performance measurement. The experimental results found that Naive
Bayes gave precision mean, recall mean, F-measure and accuracy, which are 65.46%, 61.00%,
63.15% and 70.43% on data A and 55.87%, 48.61%, 51.99% and 71.33% on data B while KNN
gave 65.45%, 52.77%, 58.43%, and 68.45% on data A and 54.67%, 42.77%, 47.99% and 68.81%
on data B, respectively. Hence, Naive Bayes provided the better performance than KNN approach.

Keywords: Thai political opinion; opinion mining; opinion classification; facebook comments.

1. Introduction

In the past news was reported via television, radio, newspaper and websites in a one-way
conversation pattern that audiences could not share their opinions to reporters. In present many
communication channels are developed in order to allow audience to be able to interact with
publishers. Social network websites are a communication channel that viewers can express their
opinions or comments promptly, especially Facebook (www.facebook.com) is the most popular
social networking website (Songram & Jareanpon, 2015, pp.240-245). Opinions or comments are
able to express in many forms, such as sound, texts, pictures and emoticons, especially texts which
people can write their opinions boundlessly. These opinions reflect the writers” emotions and
sentiments on their interest topic news. The 2019 Thai general election was held in Thailand on
March 2019 which resulted in many political news were mentioned on facebook widespreadly and
so many Thai people wrote their political opinions about political party policy. When each party
launched their policy, they would like to know feedback from facebook users. The numbers of
positive and negative opinions could be used in order to check feedback. The challenging of opinion
analysis is to the increasing of opinion comments and various user levels.

Sukhum, Nitsuwat, and Haruechaiyasak (2011, pp. 32-37) proposed the opinion
classification in sentence level. There were three major frameworks which is data collection,
annotation, and classification. First, data were collected for 117 political news columns written by 8
columnists and published in well-known Thai online newspapers. Unrelated data, such as images,
html tags, writer’s names, newspaper titles, etc. were removed, and the rest were kept. Second, 177
documents were divided into 2,539 sentences and 1,380 subjective sentences were selected. In word
segmentation and POS tagging, LexToPlusl and LEXiTRON dictionary2, by NECTEC were used.
Third, in features selection only adjective, adverb, negation words, quotation symbols were used.
Then stopping words were removed. Naive Bayes Multinomial classifier was implemented. The
experimental results showed that grouping clues, NEs feature selection gave the highest F-measure
comparing to other feature selections.

Songram and Jareanpon (2015, pp. 240-245) proposed opinion mining of Thai politics on
facebook status updates. Facebook status updates used for analyze were written in Thai. There were
five steps for research methodology. First, facebook status updates about Thai politics were
collected 467 status during May 22, 2014 until July 17, 2014 by using graph API in facebook.
Second, those status were identified by human into two classes, which were 259 positive status and
208 negative status. Then 102 positive words and 101 negative words from facebook status were
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collected. Third, incorrect data were cleaned by human. Fourth, in feature extraction process
unstructured data were transformed into structured data by using the vector space model. Last, the
study used five feature selections to compare accuracy as the following table. Decision trees, Naive
Bayes, KNN, and SVM classifier were implemented. The experimental results showed that KNN
gave the best accuracy for 63.58% in data2-8, which were extracted feature from lexicon and
selected feature with threshold values 8. However, Naive Bayes gave the best accuracy for 55.59%
in datal, which used pre-process steps of text mining.

Meduru, Mahimkar, Subramanian, Padiya, and Gunjgur (2017, pp.116-123) proposed the
system of twitter platform for collecting data in order to sentiment analyze of common public
toward policy. In the study, there are four steps for proposed methodology. First, data were
collected from the Streaming API of Twitter using hashtag based on user location. Second, stopping
words, slang words, url, hashtag, emoji, and special characters were removed in pre-processing
step. Third, sentiment analysis step was to identify the sentiment with VADER lexicon in sentence
level and calculate the overall sentiment then identify those sentences into positive, negative, and
neutral polarity. Fourth, the results were shown graphically based on regions.

From the opinion mining of Thai politics on facebook status updates, the study found that
Naive Bayes and KNN provided the better performance on pre-process steps of text mining
(Songram & Jareanpon, 2015, pp. 240-245). Therefore, Thai political opinion classification on
facebook comments which used BOW feature extraction technique should use the same classifiers.

In this study, researchers used opinion classification to classify positive, negative and
neutral comments. The methodology consisted of (i) Thai political comments were collected from
news pages in facebook by www.exportcomments.com, (ii) in the data pre-processing, all question
sentences, numbers and special characters were removed. Each comment was segmented into words
using LongLexTo and LEXIiTRON dictionary by NECTEC. The feature extraction used BOW
technique, (iii) comment classification used Naive Bayes and KNN approach, (iv) the classifier
performances compared based on precision, recall, F-measure and accuracy. The result advantages
were to if there are many positive comments on their party, it will imply that this party is in favor.
In contrast, if there are many negative comments, it will imply that the party should change their
policies in order to meet most people desire.

2. Objectives
The objective of the study is to classify political opinions in Thai language into positive,
negative and neutral class.
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3. Methodology (Materials and Methods)

Opinion classification of Thai politics on facebook website process shows as follows:

Data Cellechon

v

Data Pre-Processing

Data Cleaning

'

Word Segmentati on

v

Feature Extraction

Classification

IMaive BEayes

E-Mearest Heighbors

'

Performance Measurement

Figure 1. Opinion classification process

3.1 Data Collection
Thai Political comments were collected from news pages in facebook. There were 8,246
comments on A party and 3,469 comments on B party. The www.exportcomments.com was used
for collecting data.
3.2 Data Pre-processing
3.2.1 Data Cleaning
Question sentences were removed from the data since they were not
expressed any sentiment by using question key words from question sentence construction wepsites
and from inspection. There are ten key words and one symbol, which are “las”, “egls”, “Aluu”,
“Welus”, “ognsls”, “adnla”, “lun”, “useld”, “wmse”, “vilu” and “?”. In addition, numbers and
special characters were removed. The 3,464 and 1,052 comments were removed on A and B party,
respectively. Therefore, there were 4,782 comments on A party and 2,417 comments on B party to
be analyzed.
3.2.2 Word Segmentation
Data A and data B were segmented into 42,221 words by using LongLexTo
and LEXIiTRON dictionary by NECTEC (Jiamthapthaksin, Aung, & Ratanasawadwat, 2016,
pp.1169-1177).
3.2.3 Feature Extraction
Bag of Word (BOW) technique was implemented for features extraction
(Keerthika & Nalini, 2017, pp. 29-36). Each datum was represented as a vector (Swarnalekha &
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Suresh, 2016, pp. 65-69). Then data matrix was constructed by the vector space model with
Boolean weighting as shown in the following equation:
{1 if fi>0

Wk' = ;
! 0 otherwise

where f; is the i*"* feature and k is the k" data.
3.3 Classification
Matrix of data A and B were divided into training set and testing set by using 10- fold
cross validation based on two classification models: Naive Bayes and KNN.
3.4 Performance Measurement
The classifiers were evaluated on the testing set. The predicted results for both models
were measured the performance on precision, recall, F-measure and accuracy (Charalabidis,
Maragoudakis, & Loukis, 2015, pp. 147-160).

. true i
Precision,;, =
falseg, + trueg
truey
Recall,, = o———
Y actual

2 X Precisiongeqn X Recalloan

F — measure = —
Precisionyeqn + Recall,yean

A Y true
ccuracy = go————
y Y predict ,

where ck is the k" class.
4. Experimental results

In polarity identification for modeling, three experts have read Thai comments and then
identified into three classes, which are positive, negative, and neutral. If all three experts identified
into different class, this comment would not be used for analysis. There were xx and xx comments
for data A and B, respectively. Data were divided by using 10-fold cross validation. Result of
experiment is shown in Table 1.

Table 1. Opinion classification efficiency of Naive Bayes and KNN classifier

Performance DataA DataB

Measurement NaiveBayes KNN NaiveBayes KNN
Precisionc: 60.36% 62.50% 33.67% 40.19%
Precisionc. 74.92% 69.64% 77.25% 71.56%
Precisioncs 61.09% 64.22% 56.68% 52.26%
Precision Mean 65.46% 65.45% 55.87% 54.67%
Recallc: 48.42% 41.36% 9.23% 16.10%
Recallc. 82.33% 91.08% 83.43% 92.20%
Recallcs 52.26% 25.87% 53.17% 20.01%
Recall Mean 61.00% 52.77% 48.61% 42.77%
F-measure 63.15% 58.43% 51.99% 47.99%
Accuracy 70.43% 68.45% 71.33% 68.81%
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Naive Bayes and KNN classifier gave the high accuracy (Songram & Jareanpon, 2015,
pp.240-245). Hence, in this paper Naive Bayes and KNN classifier were used to compare the
performance. Table 1 shows that Naive Bayes classifier gave higher precision, recall, F-measure,
and accuracy than KNN classifier for both data A and B since comments written with natural
language which extracted features with BOW technique were the suitable features for Naive Bayes
classifier.

5. Conclusion and Discussion

Opinion mining of Thai political comments on facebook consisted many processes such as
data cleaning, word segmentation, and opinion classification. In data cleaning process, collected
comments which are questions, symbols, and numbers were removed. In segmentation process, the
longest matching algorithm was used in order to divide comments into words and BOW technique
was used for feature extraction. From the experimental results showed that Naive Bayes provided
the better performance than KNN corresponding to the study of Songram and Jareanpon which
found that the Naive Bayes provided the better performance than KNN on pre-process steps of text
mining (Songram & Jareanpon, 2015, pp.240-245).

For future work, feature extraction should be used frequency criteria for feature selection. In
addition, feature words can be tagged with path of speech tagging (POS) then selected only path of

speech with adjective, adverb, and negation for modeling.
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Abstract

Growing demand for optical lenses is the consequence of increasing electronic screen
syndrome and aging population. And to treat and assist human eyes disorders. The industry

involved in the production of optical lenses therefore requires continuous development. And
an important step in the lens manufacturing process, which is the hard coating process. The
abrasion- and scratch- resistance of coated lens surface can improve durability of lens life.
There are two alternatives in improving the quality of lens coatings as follows: (i) standard-
performance specialty chemicals in 10-step hard coating process and (i) high-performance
specialty chemicals in 13-step hard coating process. The objective of this research is to study
the economic feasibility of the alternatives of hard coating processes. Using the benefit-to-cost
ratio, the first alternative of 13-step hard coating process requiring high-performance specialty
chemicals is the most economically appropriate hard coating process.

Keywords: Benefit cost analysis; hard coating process; Lenses manufacturing; Optical lenses.
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